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ROYAL COMMISSION ON SEWAGE DISPOSAL. 


SUMMARY OF EVIDENCE ON CERTAIN QUESTIONS. 


CONTENTS. 
I, SEWAGE PAGE, 
I. Do trade effluents interfere with the process of purification by reason of their quality, 
variations in composition, fluctuations in volume, or otherwise - - - - ri 
2, How should “strength” of sewage as affecting purification be best expressed or measured 10 
If. STORM WATER SEWAGE: 
3. Are the amounts of suspended solids increased or diminished in times of storm - - 12 
4. In what way or ways should the sewage be dealt with in storm times - - - - 15 
5. What, is the increase in volume delivered at the works during the year, if storm water up 
to five dilutions is dealt with at the works - - - - - - - : 18 
6. Would it be possible to have a standard form of storm overflow, and how should the - 
point be fixed at which overflows should be allowed to come into operation - - 19 
7. Should the point at which storm overflows come into operation depend on the configura- 
tion of the land and upon the character of the surface soil geologically - - - 21 
8. Should storm overflows be fixed or movable — - - - - - - - - 22 


9. Should the number of dilutions at which storm sewage may properly be allowed to pass 
into a stream be dependent upon the size and nature of the stream - - - 24 


10. Should the surface water from roads be: purified - - - - - : - 26. 


11. What are the comparative cost and advantages of the separate and combined systems 
of sewers - : = 2 2 - ei th ~ F . : : 27 


III. SEDIMENTATION TANKS: 


12. What time is necessary to gain a good tank liquor containing, say, no more than 6 to 
8 parts per 100,000 of suspended solids (without the addition of ey (1) by 
quiescent settlement, (2) by continuous flow settlement - - - 29 


13. Should settlement tanks be used in series or in parallel - - - - - - 30 


14. Is there any advantage in the SD arene of baffling boards or walls in the case of 
continuous flow tanks S : = : : 2 F 3 é Z 31 


15. Should the heavy (road detritus, etc.) portion of the suspended matter in sewage be 
removed as a first operation, or is it better and more economical to let rng 
settle in the tanks, and subsequently to screen the sludge - - - - 32 


16. Is there any nuisance from the treatment of sewage in settlement tanks - - - 34 


IV. CHEMICAL PRECIPITATION : 


17. Is sewage from which the solids have been removed by the aid of chemicals less easily 
purified by subsequent filtration than sewage from which the solids have been re- 


moved by settlement or by passage through septic tanks. - - - - 2 35 
18 What is the most effective way of adding chemicals to sewage - - - : a7 
19. Is it necessary to add further chemicals to the sludge from precipitation tanks for the 

purpose of pressing or otherwis> - - - : : : > = . 39 
20. Is there any nuisance from the treatment of sewage in chemical precipitation tanks 4] 


V. SEPTIC TANKS : 


21. How should septic tanks be shaped - - - BESTS - - - 43 
22. Should septic tanks be divided into sections - - - - - . - 45 
23. Should septic tanks be used in series or in parallel - — - - - - . - 47 
24. Is a scum necessary or desirable in a septic tank - - : s ; : - 49 
25. Should the septic tank be covered - - - - - - - - - 51 
26. What is the best arrangement for the “‘ feed’ and “‘ draw off?’ for septic tanks - 54 
27. What is the most advantageous rate of flow through septic tanks. Should this de- 

pend on the strength or character of the sewage - - - - - 56 
28. Is it possible to “ over-septicise * a sewage - - js : : : 59 
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V. SHPTIC TANKS—cont. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


VI. TANKS 


4]. 


42. 


43. 


44. 


What is the amount of digestion in a septic tank. How far is this affected by the 
atmospheric temperature - . - - - : 5 
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Should a certain amount of sludge be removed periodically from septic tanks, or 


should they be worked for a considerable period without cleaning and then all the 
sludge removed - - A 2 : 3 : és E E ' 


How should sludge be taken out of a septic tank, Does any nuisance attend the 
operation - - - = = 7 : 5 < - 4 Ps eZ : 


Do the suspended solids coming away with the septic tank liquors tend to increase as 
the time approaches for removing sludge from the tank - - - : - - 


What amounts of suspended solids are contained in the septic tank liquor at the com- 
mencement-of the period of working the tank and at the end of the period, and what 
is the average amount - . - - - - - - a 5 A 3 


Should any portion or the whole of the sewage which arrives at the outfall in storm 
times be passed through the septic tanks = - - - - : 4 2 . 


If storm sewage is passed through a septic tank, does this cause an increase in the 
amount of suspended solids issuing from the tank - - - - - : 3 


Can the ordinary level of the liquid in a septic tank be altered (by the admission of storm 
sewage or otherwise) without serious detriment to the functions of the tank - - 


Is septic tank liquor more easily treated on filters than settled sewage or than 
precipitated sewage, assuming that in each case the tank liquor contains the same 


amount of suspended solids - - - - - - = e : ; A 


Are the impurities in solution in sewage materially different from the impurities in 
solution in septic tank liquor . - - - - - = = : 3 


What is the relative value of plain septic tanks, and septic tanks filled with rough stones 
or flints - - - - : E c E . E Z e : 4 


Is there any nuisance from the treatment of sewage in septic tanks’ - - - - 


IN GENERAL: 


Is it desirable that the suspended solids in sewage should be removed as far as prac- 
ticable before sewage is filtered. What is a practicable standard - - : - 


How can the removal of suspended solids best be effected - - - - - - 


What methods are there for freeing tank liquor of suspended matter before it is 
delivered to filters - - : : - : : 5 5 _ 7 : 


* 
What are the comparative cost and advantages of the various methods of settlement - 


VII. CONTACT BEDS: 


45. 


46. 


47. 
48. 
49. 


50. 


51. 


52. 


53. 
54. 
55. 


56. 


57. 


58. 


59. 


60. 


Should the whole or any part of the interior of contact beds be constructed of building 
material, or may this be dispensed with entirely in some cases - - - - 


May the depth of contact beds vary within certain limits. What limits are permissible ~ 


What is the most convenient size for a contact bed - - - - - - . 
What are the best filtering materials for contact beds - - - - - : - 


What size should the filtering material be for contact beds, and should it be graded in 
the beds - - - : i - : Ss 4 : : 4 : 


How should the bottom of the contact bed be constructed - z = : : 5 


Is it generally desirable that sewage should be subjected to some form of tank treatment 


before being put on contact beds - - - - - - - ape . 
What periods of filling, standing full, emptying, and standing empty are best in 
practical working for (a) primary beds and (6) secondary beds - - owes 
How should contact beds be filled and emptied - - - - - - - - 
Views as to automatic gear for filling and emptying contact beds - - - : 


What amount of tank liquor per cubic yard of filtering material can, in practice, be 
properly treated in a primary contact bed in 24 hours” - : - - Ei f<ine 


What amount of liquid from a primary bed can in practice be treated on a secondary 
bed per cubic yard of filtering material per 24 hours - - - - - - 


Can the rate of working of contact beds be increased in times of storm without impairing 
the efficiency of the beds or the quality of the effluent - - - - - - 


May contact beds in times of storm be used as streaming filters, and are there any 
advantages in so working them - = ts : és P " — ee a 


Is the amount of suspended solids increased if the beds are filled and emptied. more 
frequently in storm times or other times - - - - 5 = - - 


Is one contact sufficient for the conversion of certain tank liquors into a satisfactory 
effluent - - . - - - - - - - : be are E 
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62. 
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64. 


65. 


66. 


67. 
68. 
69. 
70. 


At what rate or rates do primary contact beds and secondary beds lose their water- 
holding capacity - - - - - - : : ‘ . on ote A 


On what does the loss of capacity in contact beds depend — - - - - - - 
How can the capacity of contact beds be best maintained - - - - 
Can the material of a clogged bed be washed, ana, if so, how, and at what cost Pe 
cubic yard - - - - - - - - : ? spots 


Cost of contact bed installation per acre, and amount of liquid treated pat acre Ree 
24 hours in ordinary times and in storm times - - : 


To what extent is the organic matter of the suspended solids in a contact bed effluent 
different from the organic matter of the suspended solids going on to the bed - - 


Is the first flush of effluent from either set of contact beds ever putrescible - 
What is the action of contact beds when full and when resting - - - 
What are the conditions of aeration of contact beds - - - . - 


Is there any nuisance from the treatment of sewage on contact beds~ - - 


VIII. PERCOLATING FILTERS : 
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72. 
73. 


74. 


76. 


77. 


78. 


79. 


80. 
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82. 


84. 
85. 


86. 


87. 
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89. 


91. 


92. 


93. 


What are the best filtering materials for Tae ee and what size should the 
material be - - - - : ; = “ 


What depth should a percolating filter be - - - : i « 2 


Is it generally desirable that sewage should be subjected to some form of tank 
treatment before it is put on percolating filters - - - - . - - 


Is the material in percolating filters better disposed in the form of two beds, to be fed 
in succession, or in one deep bed - - - - - - : 2 : Z 


. How should percolating filters be fed - - - : - - 2 s : 


Should the feed of percolating filters be intermittent or continuous’ - - - - 


What is the best form of distribution for percolating filters. What are the conditions 
of a perfect distributor - - - - : - - 5 y ‘ 


Is it best to put on a percolating filter a fairly constant amount of liquid, or can the 
amount safely be increased in times of storm - - - - - - - - 


Is there any practical advantage in aneicielly apeatng the Pane which is being 
treated on percolating filters - - e E - 


Are open sides an advantage to a percolating filter - - 2 : s 2 : 


Cost of percolating bed installation per acre, and amount of liquid treated per acre per 
24 hours at ordinary times and in storm times - - - 5 : * é 


What are the conditions of aeration of percolating filters - - - . - - 


. What is the most convenient superficial area for a percolating filter - - - - 


Is it desirable that the bottom of a percolating filter be raised from the ground - - 


Do percolating filters choke. If so, how can the choking be removed, and at what 
cost - - - - - - - - - - > 2 2 2 = : 


Of what nature are the suspended solids in the filtrate from percolating filters. How 
much is organic matter, and are the solids putrescible apart from the liquid - - 


To what extent is the organic matter of the suspended solids in a percolating filter 
effluent different from the organic matter of the suspended solids going to the 
filter - - - - - - - - - - - - - - - 


Suggestions for settlement or other separation of the suspended solids in a perco- 
lating filter effluent - - - - - - : : : : - - 


Whatis the action of percolating filters with regard to the oxidation of (a) the ammoniacal 
and organic matter in solution, (6) the organic matter in suspension : - - 


. Do ammonium salts and organic substances in solution, not of a colloidal nature, pass 


rapidly through a percolating filter, or are they first absorbed by the filtering ma- 
terial or by growths on that material, so that their eee prota the filter is 


a very gradual one - - - - - - - : : : 
What are the effects of changes of atmospheric temperature on the working of a per- 
colating filter - - - - : : : : - - - : “ F 
Is there any trouble from vegetable growths in percolating filters. If so, what are the 
causes of the growths and how can they be prevented — - - - - - - 
Is there any nuisance from the treatment of sewage on percolating filters - - - 


1X. FILTERS (INCLUDING CONTACT BEDS) IN GENERAL: 


94, 


What are the relative cost and advantages of percolating filters and contact beds. 
Is one form best for some kinds of sewage and the other for other kinds of sewage 
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(1.) DO TRADE EFFLUENTS INTERFERE WITH THE PROCESS OF PURIFICATION 


BY REASON OF THEIR QUALITY, VARIATIONS IN COMPOSITION, FLUCTUATIONS IN 
VOLUME OR OTHERWISE. 


Interim Report: Vol. II. (Cd. 686) 1902. 





B86 Dr. Maclean Wilson: With the one exception that acid effluents might interfere with any biological treatment, 
_ it would not be difficult to deal with combined sewage, if some form of chemical treatment was adopted 
followed by filtration, because the chemicals could be adapted to deal with anything objectionable 
in the mixed sewage. Acid liquors from dye works and a particular acid iron waste liquor (Leeds) 


worst kinds of refuse for biological treatment. Wool suds also difficult to treat on account of grease 
which clogs filters and land. 


418-20 Dr. Adeney: Aérobic fermentation will not take place in distinctly acid sewage ; but discharge of con- 
438-9 


siderable quantity of free acid into sewers might be allowed, because alkalinity of sewage would take 


up a large quantity. Alkalinity beyond a certain limit is very inimical to bacterial fermentation. 
There can be no latitude to manufacturers in case of alkalis. 


Tron compounds, unless too acid, not troublesome, assist in clarification. Large quantities of soap 
are a serious matter. 


2547 Prof. H. Marshall Ward: Acidity and alkalinity affect the life of bacteria. 


144 Dr. Rideal: Soap-suds and greasy matters give rise to serious mechanical trouble. 


5627 Mr. R. A. Tatton: Yes, through irregularity in flow and in quality. Refers in particular to waste from 
breweries, distilleries, woollen works, tanneries, fellmongers, dye works, chemical, and ironworks. 


Third Report: Vol. II. (Cd. 1487). 1903. 


12237-8 Mr. T. C. Beeley (Hyde): Yes, owing to the character of the refuse and the intermittency of the flow. 


12284-9 Mr. 8. 8. Platt (Rochdale): Evidence to same effect as that of Mr. Beeley. Refers in particular to wool 
scouring refuse which is very difficult to treat and is sent to disposal works very irregularly. 


15469-7 


Mr. J. Corbett (Salford): Nodifficulty atSalford. Works deal with dye refuse and refuse from print works, 
iron works and breweries, and the refuse is received in irregular quantities. 
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Do TraDE ErrLuEnts INTERFERE WITH THE PROCESS OF PURIFICATION BY REASON OF THEIR QUALITY; 
VARIATIONS IN. COMPOSITION, FLUCTUATION IN VOLUME, OR OTHERWISE (continued). 





Fifth Report: Appendix I. 





‘Messrs. Raymond Ross & Pickles (Burnley): Considerable difficulty at one time through excessive dis- 


charge during short periods of very concentrated dye effluent. No difficulty now effluent is run through 
sedimentation tanks and thence into sewers by continuous flow. 


. Bolton (Heywood): No material interference when trade effluents are delivered in a regular stream 


(this applies to brewery, dye, tannery, and fellmongers’ waste as at Heywood). When large volumes 
are turned in at irregular intervals, chemical treatment is disorganised. 


. Kershaw (Kotherham): At Rotherham trouble with waste from works where gas liquor is treated 


for recovery of ammonia. Refuse is heavily charged with sulphides and sulphocyanides, etc. Ithas 
high oxygen absorbent properties and interferes seriously with results owing to nature of effluent rather 
than on account of volume. 


. Campbell (Huddersfield): Trade refuse not so amenable to treatment as domestic sewage. Difficulties 


also arise from variations in composition and in volume (due to irregular discharge), increased amount 
of solids, etc. 


Harrison (Leeds): If trade effluents are free from suspended solids, are admitted at a uniform rate 
over the twenty-four hours, and are not great in volume compared to the domestic sewage, no diffi- 
culty is experienced. If these conditions are not fulfilled, dye liquors and iron liquors sometimes 
have deleterious effects. 


Valentine (Oldham): Principal difficulty at Oldham is with waste from mill lodges or reservoirs. 
This is over-septicised, stagnant, and concentrated sewage, and has adverse effect upon the filters 
for several days after it is sent down to the works. 


Wilkinson (Oldham): Effluent from mill reservoirs renders the sewage very concentrated and foul, 
and on one occasion the admission of a large quantity of beer into the sewers had a very marked effect 
on the filters. 


Fowler (Manchester): Yes: certain trade effluents interfere with process of purification, e.g., iron 
pickle, by increasing deposit in septic tank and amount of insoluble matter going on to beds ; naphtha 
washings, ammonia recovery liquor, and some dye-waste, by increasing the oxygen absorbing power 
of the sewage. Generally, the presence of trade effluents increases the periods required for bacterial 
activity to mature in both septic tanks and filters. 
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(1.) Do Trapr ErriuEnts INTERFERE WITH THE PROCESS OF Pu 


RIFICATION BY REASON OF THEIR QUALITY, SEWAGE, 
VARIATIONS IN Composition, FLUCTUATIONS IN VOLUME, OR OTHERWISE (continued). 
85 





Mr. Carter Bell (Salford): Not found any difficulty: sometimes tarry matter affects oxygen test. 
& 


596 Mr. Haworth (Sheffield) : 


Difficulties arise for various reasons, in some cases, on account of the character 
of the particular waste (e.g., brewery waste, iron pickle, am 
cases, on account of irregular flow, large volume, etc. 


monium sulphate waste), and in some 
654-5 


Very desirable and necessary that trade effluents should be distributed equally over the twenty- 
four hours. 


129 Dr. Reid : 
. 578) 


Has had experience only of acid waste from 


galvanising works, brewery waste, and waste from 
works for recovery of ammonia from gas liquor. 
volume is in large proportion to the domestic sewage, and s 


As regards first-named, difficulties arise where the 
ing treatment by the manufacturer of the spent acid portion, 


pecial precautions are necessary, includ- 
615-7 


and uniform discharge of the wash water. 
tion. 


Acid sewage, such as at Wolverhampton, requires preliminary treatment by chemicals before filtra- 


In the case of brewery waste, when present in considerable quantity, more efficient means of treat- 
ment is necessary. Ammoniacal liquor waste, when present in large quantity, renders the sewage 
impracticable to treat by any known process. 


932 Messrs. Watson & O'Shaughnessy (Birmingham) : 


Much difficulty has been caused by sudden discharges 
of trade effluents, such as waste gas liquor and waste metal pickling liquor. The low alkalinity of 
the sewage caused by trade effluents accompanied by the presence of ferrous salts also prevents septic 
action in some cases. 


003 Messrs. Willcox and Raikes : 


Trade effluents at Hanley (consisting of mine water and waste water from 
potteries and paper mills) do not interfere with 


purification of sewage, but the clay in the pottery 
waste materially increases the quantity of sludge and co 


nsequently the expense of treatment. 
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(2) HOW SHOULD “STRENGTH” OF SEWAGE AS AFFECTING PURIFICATION BE BEST 
EXPRESSED OR MEASURED. 


Fifth Report : Appendix I. 


6 
20716 Messrs. Raymond Ross & Pickles (Burnley): By a full analysis, including free and organic nitrogen, sus- 
pended matter (organic and inorganic), dissolved solids (organic and inorganic), cellulose and grease : 
3 min. oxygen test for trade effluents : germicides. 


20820 Any one figure might give a fairly approximate idea of strength if the local circumstances were 
known. The quantity of oxygen required to oxidize sewage would be a sufficient measure of strength 


in that case (21030-3.) 


21083 Mr. Bolton (Heywood): Best by the albuminoid nitrogen and oxygen absorbed figures. 


21590 Mr. Campbell (Huddersfield): By amount of nitrogenous organic matter, and of oxidisable organi® 
matter as measured by four hours’ oxygen absorption. Chlorine should also be estimated to show 
that sewage and effluent are identical. 


22397 Mr.Valentine (Oldham): By the chlorine content, and the amount of oxygen absorbed in four hours from 
permanganate. 
22591 Dr. Wilkinson (Oldham): Probably the number of grains of oxygen absorbed by the permanganate test 


is as good as any, except where there is an excess of acid or chemical ingredient 


22735 Mr. Fowler (Manchester): Best measured by the number of gallons per head of the population arriving 
at the works daily, allowance being made for character and volume of any trade wastes. The chlorine 
number, when not affected by trade effluents, is a good index: the ammonia figures give a better 
indication of presence of real sewage than the permanganate test. 


seco The greater the number of gallons per head the weaker the sewage. 


rd 


23191 Mr. Carter Bell (Salford): By stating the percentage of purification derived from the oxygen test (i.e. 
permanganate: four hours’ test: 23289-90). 


23600 Mr. Haworth (Sheffield): For practical purposes the determination of oxygen absorbed in four hours and 
albuminoid nitrogen indicate the strength fairly satisfactorily. Both tests to be taken together 
(23658). 


li 


(2.) How sHouutp “SrrenerH”’ oF SEWAGE AS AFFECTING PURIFICATION BE Bust EXPRESSED OR 
MEASURED (continued). 





132 (p.573) Dr. Reid: By the albuminoid and oxygen absorbed figures 


873 


38 


578 


09 
48 


Dr. Letts: Difficult, if not impossible, to give a comprehensive answer. A sewage may be “strong” in 


several different ways in relation to purification, of which the chief are (1) suspended solids ; (2) putres- 
cible organic matter; (3) free or saline ammonia. 


Sewage may be very strong as regards one factor, 
yet weak as judged by another. 


Messrs. Watson & O'Shaughnessy (Birmingham): By comparing figures for albuminoid ammonia and 
for oxygen absorbed in four hours at 80° F. in the sewage and effluent, respectively. 


Dr. W. EH, Adeney: Gives results of certain experiments supporting the view held by him that the 


adoption of tte aeration method of analysis is a necessity for the accurate determination of 
“strength” of a sewage or tank liquor. 


These results are confirmed by a large number of other 
experimental investigations. 


Messrs. Willcox & Raikes : 


By the amount of suspended matter and the oxgyen absorbed figure. This 
is regarded as the most convenient test from a purely practical point of view. 
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STORM (3.) ARE THE AMOUNTS OF SUSPENDED SOLIDS IN SEWAGE INCREASED OR 
pa Fe DIMINISHED IN TIMES OF STORM. 





Fifth Report: Appendix I. 





20720 Messrs. Raymond Ross & Pickles: First increased: afterwards diminishes rapidly. Figures for storm 
of four hours’ duration between the hours of 1 a.m. and 5 a.m. :— 

















Average sample during Suspended matter. 
Ist hour 24°8 
2nd ,, 80°0 
Stdaan, 25°6 
4th ,, 5°6 
See also 20821-6. 
21087 Mr. Bolton (Heywood) : Greatly increased in times of storm. Storm of four hours’ duration gave following 
figures :— 
First rushes - - - - - - - - - - 238 parts per 100,000 
After 1 hour - > 3 = cS = = = - - 110 ”? ot) 
» 2hours - - - - - - - - - ~ | 692433 * 
Ee) 3 29 = ri eS 5 - i co * - - 60 ” 2 
? 4 2? = i - - Ee . > a a - 38 29 on) 
” 5 29 = ay = ¥ = i * - = 33 ” “9 
99 6 29 z > = a 2 a a 7 a 2 28 ”? 
” 7 29 a - FF - a ra 3 = - - 18 2 ” 
21420 Mr. Kershaw (Rotherham): Very largely increased in storm times. 


21594 Mr. Campbell (Huddersfield): Yes, and the amount varies according to condition and inclination of sewer. 


21970 Mr. Harrison (Leeds): Suspended solids during short heavy rain-storms are usually very high. The 


amount varies directly with the hourly rate of rainfall. In the case of storms lasting over consider- 
able periods, the storm water sewage contains practically on an average (22249-55 )the same amount 
of suspended matter as ordinary sewage. The amount of organic impurity present, however, is much | 
smaller. 


22401 Mr. Valentine (Oldham ): For some hours, the amount is greatly increased ; then it decreases until the 
amount is appreciably less than in normal flows. 


22595 Dr. Wilkinson (Oldham): At first the amount is increased very rapidly; but, after a short time, the 
_ amount decreases rapidly. 


if 
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ARE THE AMOUNTS OF SUSPENDED SOLIDS IN SEWAGE INCREASED OR DIMINISHED IN TIMES OF 


22739 Mr. Fowler (Manchester): Certainly, during the earlier periods of a storm. After considerable period 
of rain, the total suspended matter is little more than the average, and consists largely of mineral 
matter. These statements are illustrated by analyses. 


23195 Mr. Carter Bell (Salford): Increased at first; but, if rain is long continued, amount of suspended solids 
diminishes. 

28505 Mr. Wike (Sheffield) : Largely increased at first ; but proportion diminishes if rainfall is prolonged. 

23604 Mr. Haworth (Sheffield): Suspended solids during storm (rainfall *11 inch) :— 








Parts per 100,000. 























Time. 
ae Solids in Miicckt Fe aan 
uspension. olatile. 
10.50 a.m. before rain - - ot ae 59°24 9°92 49°32 
11.50 am. - - - - - 60°24 5°04 55°20 
12.50 pm. - - - - - 67°12 13°20 53°92 
1-50'p.m. - - - - - 170-07 76°62 93°45 
2.50 pm. - - - - - 125-93 50°55 75°38 
3.50 pm. - - - - - 133°46 63°03 70°43 
4.50 pm. - - - - 101°20 67°33 33°87 
5.50 pm; ~- - - . - 100-60 47°06 53°54 
6.50 pm. - - - - - 97°93 26°93 71:00 
7.50 p.m. . - - 41°73 15°33 26°40 
8.50 p.m. - - - - 40°06 18°66 21-40 
fb0ep me .:- - - - 26°26 15°06 11-20 


The first determination was 
the final one when the storm 








made before the effects of the rain were observed at the 
overflow nearest the works ceased to operate. 


works, and 


24432 Dr. Reid: Largely increased in populous towns, especially after dry weather. Not so much in the case 


(p. 574) 


of scantily populated places. 
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(3.) AR? THE AMOUNTS OF SUSPENDED SOLIDS IN Sewace IycrReASED OR D:MINISHED IN TIMES OF 
SToRM (coninued). 





Messrs. Watson & O'Shaughnessy (Birmingham): Yes: suspended solids have risen from thirty-eight 
parts to 380 parts per 100,000 within an hour, owing to sudden storm. 


Messrs. Willcox & Raikes: Yes: amount of suspended solids is increased by road detritus and accumula- 
tions washed out of sewers. 


1866 
2126-30 


7531-51 


20647-8 


20827 


21090 


21250-66 


21293-42 


21425 
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(4.) IN WHAT WAY OR WAYS SHOULD THE SEWAGE BE DEALT WITH IN 
STORM TIMES. 


Interim Report: Vol. II, (Cd. 686), 192. 





Mr. D. Cameron (Exeter): Only first washings from streets and sewers need be treated. Suggests that 
storage should be provided at the works from which there would be anf overflow. This overflow 
being independent of the rate of flow in the sewers would enable the first washings to be dealt with. 


J 


Mr. G. R. Strachan: Separate filters for excess storm water essential. Would fully deal with all sewage 
and storm water up to 80 gallons per head of population. Would treat flow from 80 to 120 or 150 
gallons per head preferably 150) in storm water filters and allow anything above to overflow to stream. 


Fifth Report: Appendix I. 





Dr. Reid: Thinks it reasonable to require local authorities to deal with flow up to six times the ¢ry- 
weather flow, and considers that in some cases storage tanks should be provided to take the first flush 
from sewers. 


Messrs. Raymond Ross & Pickles (Burnley): Up to three times the dry-weather flow should be treated 
on the contact beds after passing through the septic tanks. When flow is much above this, the most 
polluting portion of the sewage (the first part) should be run through the septic tanks, and the re- 
mainder through detritus tanks and on to storm beds. 


With moderate amount of storm water, it has been found advantageous to hold it up on land areas, 
and then run it on to storm beds. 


If tank capacity is sufficient, no damage to contact beds by passing storm flow through. 


Mr. Bolton (Heywood): Method required by Local Government Board not the most satisfactory. Admis- 
sion of three times dry-weather flow to tanks results in a very unsatisfactory tank effluent (incoming 
sewage enters almost at bottom of tank), and the effect of this effluent on the filters is almost ruinous. 
The storm filters dealing with the flow above this are found to choke rapidly. 


Thinks a good plan would be to pass twice the dry weather flow through the ordinary tanks, and 
from two to six times through special settling tanks having a capacity equal to six hours’ flow. A 
portion of the effluent from these tanks could be passed through percolating filters more rapidly than 
could an effluent from the ordinary dry-weather tanks when receiving three times dry-weather flow. 


The principal thing is to remove the suspended matter, and this could be done by an hour’s stay in 
special settling tanks. 


Mr. Kershaw (Rotherham): Risk of damage to ordinary plant by passing storm sewage through depends 
upon circumstances, e.g.,on the condition of the tanks, whether they are comparatively clean, or 
contain a large amount of sludge. In the former case, little or no harm to the filters would arise ; 
but, in the latter case, choking of filters from the washed-out sludge from the tanks is probable. 


Settlement alone, without some form of subsequent filtration, would not be likely to prove a 
satisfactory method of deal’ng with storm sewaze. It would give very goc? results, though not 
thoroughly satisfactory (21511-2). 
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21597 


21721-8 


21972 


22404 


22493 


22597 


22741 


22961 


23077--9 
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(4.) In wear Way orn Ways SHOULD THE SEWAGE BE DEALT WITH IN Storm Trmus (continued). 





Mr. Campbell (Huddersfield): Requirements of Local Government Board work satisfactorily, in majority 


Mr. 


Mr. 


of cases; but in some cases full treatment in ordinary plant of flow up to three times the dry- 
weather flow exposes the plant to damage. Where storm water is not very polluting, it would be 
sufficient to provide for deal ng with any flow above ordinary dry-weather flow in sedimentation tanks 


and then on special stgrm beds. 


Not less than six times the dry-weather flow should be treated. 


Harrison (Leeds): Thinks that storm water sewage up to three times the dry weather flow should 
undergo efficient treatment. If nearly all solids are removed by preliminary treatment, then six 
volumes may be treated on the ordinary plant: if some solids are present, then three volumes can 
be treated on the ordinary plant, and the remainder by special storm filters, settlement, or pre- 
cipitation. This applies only to continuous filters, and to comparatively weak sewages, : 


At Leeds it was found possible to treat satisfactorily the whole volume of storm sewage up 
to six times the dry weather flow, after chemical precipitation, on percolating filters at rates 
varying from 600 gallons to 1,200 gallons per square yard per day. Good results were obtained at 
these rates over a considerable period (22077-95). (See also 22181-4.) 


Valentine (Oldham): All the sewage coming down should be sent partly through the ordinary settling 
tanks, and partly—the greater portion—through special storm tanks of large capacity. The first 
portion of the flow should be treated fully in the ordinary dry-weather plant, and, if the storm con: 
tinued, it would be sufficient to run the highly diluted and settled sewage continuously through special 
filters (not necessarily retained for that purpose alone). Advisable to have storm filters for use in 
emergency, but they should be kept in condition by being dosed occasionally with weak settled (or 
precipitated) sewage in dry weather. 


Has used ordinary beds in time of storm (after sedimentation) and found no ill effects either as 
regards efficiency or capacity. 


Dr. Wilkinson (Oldham): With sufficient tank room, the first flow can be dealt with on the ordinary 


Mr. 


plant, After the first flush, sedimentation in a quiescent tank gives a very clear effluent. But settle- 
ment alone is not sufficient for the first rush of storm water. 


Fowler (Manchester): At least six times the dry-weather flow (¢.e., the strict dry-weather flow as 
based on the water supply; but the six times dilution should be calculated from time of greatest 
daily dry-weather flow), and, if possible, more, should be treated in some way. Tho whole volume 
should pass through the tanks, and the first flush should be fully treated as far as possible on the 
filters. After the first flush, some portion of the storm water might pass directly to the stream, pro- 


vided that the suspended matter was not excessive. 


The increased burden put upon beds in storm times does not materially harm them, if they are 
designed to cope with an average volume in dry and wet weather. 


Settlement alone is not sufficient for a'\ the storm water coming down, and the addition of chemicals — 
is of little, if any, use. 


Very quick passage through tanks will remove from storm water a very large proportion of the 
suspended solids. 


Not possible to deal satisfactorily with storm water sewage on streaming filters alone. Previous 
settlement necessary. A storm filter to be effective must be fine. and if fine a large part of suspended 
matter must be previously settled. 


Suggests that there would be advantaye in mixing the effluents, 7.e., the partially treated effluent 
with the fully treated efflvent. 


23198 


24252 


24306 


24945 


25207 


25214 


25222 


26016 


26144-7, 


26149-59 
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(4.) In wHar Way on WAYS SHOULD THE SEWAGE BE DEALT WITH IN STORM TIMES (continued). STORM 


WATER 
SEWAGE 





Mr. Carter Bell (Salford): In the case of Salford, best provision for storm flow would be large reserve tanks 
to hold (say) one day’s storm flow, which might pass through the ordinary works during following 
days. Does not approve of special storm filters, as these become inefficient when used only intermit- 
tently. (No experience of storm water filters: 23261, 23293-4.) Cost of the reserve tanks 
suggested would be very high (23386-7). 


Mr. Wike (Sheffield): The amount to be treated should depend on the volume and character of the liquid. 


Ordinary plant is exposed to considerable risk from the amount of suspended solids in first flush of 
storm sewage. 


Instead of separate storm water beds, would prefer to provide a larger number of contact beds, and 
distribute on them, after screening and settlement, the whole volume which comes to the works. 


From a practical point of view, thinks that storm sewage, when fully diluted, might be sufficiently 
purified by settlement, without chemicals or subsequent filtration. Even the first dilutions would be 
sufficiently dealt with by settlement. (23798-23800). 


Mr. Wilkinson (Manchester): Suggests as follows :— 


(1) At all times—Two volumes of the mixed sewage and storm water to be treated in the 
ordinary plant. 


(2) For 16 hours out of 24—Two volumes of the mixed sewage and storm water through 
ordinary plant, and the balance up to six volumes through storm water filters. 


(3) For remaining 8 hours—Two volumes of sewage and rain water through ordinary plant, and 
remainder by settlement in special tanks. 


Thinks that treatment of six volumes in storm times is the highest practicable economic limit 


Messrs. Watson & O'Shaughnessy (Birmingham): Settlement alone in properly designed tanks would 
generally be sufficient for whole flow of sewage and storm water after first flush (say after two hours). 
Storm water filters are inefficient and costly, and the intermittent recurrence of rain does not warrant 
the provision of expensive works for treating a volume which may only reach the works at long intervals. 


Estimate that storage (settlement in tanks) for 10,000,000 gallons would cost £50,000. 
Only four dilutions need be provided for in the case of a large drainage area. 


Not practicable for any authority to deal with the whole of the storm water. 


Messrs. Willcox & Raikes: As polluting matter in storm sewage chiefly consists in suspended solids, it 
would be sufficient to remove these by simple settlement in tanks or rapid straining through fine 
filters of shallow depth. 


Provision for treatment of more than three times the dry-weather flow hardly seems necessary. 
At Hanley that amount was only exceeded on thirty-one occasions in a year, viz.: on twelve occasions 


for half an hour, eleven occasions for one hour, and on eight occasions for periods from one to three 
hours. 


It is not found in practice that separate filters for excess storm water are beneficial. It is preferable 
to provide increased area of filters and use them regularly in rotation all the year round for treating 
the ordinary flow of sewage with an accelerated rate in storm times. 
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(5.) WHAT IS THE INCREASE IN VOLUME ON THE DRY-WEATHER FLOW DURING 
THE YEAR, IF STORM WATER UP TO FIVE DILUTIONS IS DEALT WITH AT THE WORKS. 





Interim Report: Vol. II. (Cd. 686), 1902. 





Mr. Santo Crimp: Increase would be from 20 to 30 per cent. 


Mr. G. R. Strachan: Total increase in year would possibly be an addition of 4+ or | of volume 
of dry-weather flow. No overflow in the sewers in the case on which this caloulation is based: all 
storm water went to the pumping station. 





Fifth Report: Appendix I. . 





Mr. Fowler (Manchester): Generally speaking, 50 per cent. on dry-weather flow. 


Messrs. Watson & O'Shaughnessy (Birmingham): Would think that the increase would be about 30 
per cent. on dry-weather flow. 


12 


(6.) WOULD IT BE POSSIBLE TO HAVE A STANDARD FORM OF STORM OVERFLOW, AND 
HOW SHOULD THE POINT BE FIXED AT WHICH OVERFLOWS SHOULD BE ALLOWED 


TO GOME INTO OPERATION. 





Interim Report: Vol. II. (Cd. 686), 1902. 


1631-3 Mr. Santo Crimp: The point at which overflow should come into operation ought to depend upon the 
nature of the stream into which the overflow would pass: five dilutions, where the overflow is into 
(say) tidal waters, and 8 or 10 dilutions where into a small stream of pure water. The point of overflow 
should be arranged with regard to a certain number of gallons per head of the population, rather 
than with regard to a certain number of dilutions of the total dry-weather flow; 150 gallons per 
1790-4 head would be a safe minimum, 


6251-4 Dr, Maclean Wilson: Overflow should be fixed as high as financially practicable. At not less than five 
dilutions in any case, 


6460 Mr. G. Chatterton: Suggests that overflow should be fixed at five dilutions, 


6657-8 Mr. R. A. Tatton: Point at which overflow should operate depends on circumstances ;_ but thinks, 
generally, that six volumes would be fair amount to treat, Should be based on the maximum dry- 
6824-6 weather flow, not on the averaze. 


7541 Mr. G. R. Strachan: Overflow should be fixed with regard to certain number of gallons per head of popula- 
tion. Would not go below 120 gallons per head, and would prefer 150. 


Fifth Report: Appendix I. 


21599 Mr. Campbell (Huddersfield): Not possible to have standard form of overflow. 


22405 Mr. Valentine (Oldham): Sees no advantage in a standard form of overflow. Would prefer a moveable 
sluice at the outfall works. 
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ead (6.) WovULD IT BE POSSIBLE TO HAVE A STANDARD Form oF STORM OVERFLOW, AND HOW SHOULD THE 


SEWAGE. PoINT BE FIXED AT WHICH OVERFLOWS SHOULD BE ALLOWED TO COME INTO OPERATION (continued). 





22599 Dr. Wilkinson (Oldham): Possibly in some places where there is a very regular flow ; but in large towns, 
with an experienced man in charge, it would be much better to regulate the overflow according to 
the condition of the sewage. 


23200 Mr. Carter Bell (Salford): Notin the case of Salford. 


23509 Mr. Wike (Sheffield): Standard form of overflow not practicable, as nature of each overflow and point at 
which it comes into operation must depend upon the particular circumstances. 


24254. Mr. Wilkinson (Manchester): Not possible to have an absolutely standard form of overflow. Describes 
essential features of a properly constructed complete overflow. 


Local overflows in the town should as a rule dilute sewage flow with five volumes of rain at the 
maximum flow; this should be exceeded rather than otherwise. The difference should be adjusted 
at a main overflow below point of connection of last tributary sewer. 


24947 Messrs. Watson & O’ Shaughnessy (Birmingham): Yes: point should be fixed upon the basis of a certain 
number of dilutions of the dry-weather flow, based upon the average dry-weather flow. 


26018" Messrs. Willcox & Raikes: Not desirable to have a standard form of overflow because of widely varying 
conditions. In most cases, however, overflows might come into operation when the flow exceeds 
three times the maximum dry-weather flow. 
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{7.) SHOULD THE POINT AT WHICH STORM OVERFLOWS COME INTO OPERATION 
DEPEND ON THE CONFIGURATION OF THE LAND AND UPON THE GHARACTER 
OF THE SURFACE SOIL GEOLOGICALLY. 





Fifth Report : Appendix I, 


Messrs. Raymond Ross & Pickles (Burnley): Not necessary. Overflows should be fixed at six dilutions 
independently of characteristics. 


Mr. Bolton (Heywood): Does not think it possible to arrange a fixed overflow to suit varying conditions. 


Mr. Kershaw (Rotherham): Storm overflows might be allowed to come into operation sooner in hilly 
districts than in flat, as in the former the sewage passes to the outfall more rapidly. 


Mr. Campbell (Huddersfield): No: better to fix overflows to a certain fixed volume of flow independent of 
configuration and character of ground. 


Mr. Valentine (Oldham): Yes; and generally upon the circumstances of the partioular district. 


Dr. Wilkinson (Oldham): Yes, certainly. 


Mr. Wike (Sheffield): Oonfiguration of the land a most important factor in fixing the point of dilution for 
storm overflows. 


Mr. Wilkinson (Manchester) :—The character of the soil geologically is not very important. Each overflow 
should be the subject of careful supervision, ana the point at which it is to come into operation should 
be carefully settled in each case. Important to have regard to the circumstances of the district, e.g., 
the nature of the paving of roads. 


Messrs. Watson & O'Shaughnessy (Birmingham): No. 


Messrs. Willeox & Raikes: Not practicable to take the configuration or surface geology of the land as 
the only governing factor. There are many important considerations besides these (26164-7). 
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(8.) SHOULD STORM OVERFLOWS BE FIXED OR MOVEABLE. 





Interim Report: Vol. II. (Cd. 686). 1902 


Dr. Maclean Wilson: Fixed. 


Mr. G. Chatterton: Would fix the overflow after the actual flow had been ascertained. 


Mr. R. A. Tatton: Fixed, as a rule. 


Mr. D. Balfour: Overflows on line of sewers should be fixed, but at outfall it should be moveable. 
Recognises the likelihood of moveable overflow being abused, but thinks there must be some means 
of preventing large volume of water going on land when the land may be already saturated. 


Mr. G. R. Strachan : Always takes care that principal overflow at sewage works is fixed. 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Sills should be fixed, but capable of being raised if and when 
increase of normal flow necessitates. 


Mr. Bolton (Heywood): Under sound and reliable control, a moveable overflow would be most satisfactory 
for general conditions. 


Mr. Kershaw (Rotherham) : Fixed. 
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(8.) SHovuLD Storm OVERFLOWS BE FIXED OR MOVEABLE (continued). STORM 
WATER 
SEWAGE: 


Mr. Campbell (Huddersfield): Fixed 


Mr. Valentine (Oldham): Would prefer the moveable form at the outfall works. 


Dr. Wilkinson (Oldham): Moveable, in large works. Because the earlier flow is very polluted, whereas 
the latter flow is very weak and could be passed direct to river (22702). 


M?. Carter Bell (Salford): Fixed. 


Mr. Wike (Sheffield): Fixed, but of such construction that it oan be easily adjusted to suit an increasing 
quantity of sewage (normal flow). 


Mr, Wilkinson (Manchester): Fixed, as a general rule, except where tributary sewer drains undeveloped 
“ land on which population is increasing ; in such cases should be capable of adjustment to meet changed 
, conditions. 


Last overflow on leaving town at upper end of main outfall sewer should be absolutely fixed. 


Messrs. Watson & O'Shaughnessy (Birmingham): Storm overflows should be adjustable, so as to meet 
increases in the flow of sewage from year to year. 


Messrs. Willcox & Raikes: Storm overflows should be adjustable to meet any material increase in volume 
of sewage ; but should be so secured that no alteration can be made by unauthorised persons. Fixed 
overflows are not convenient (26168). 
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SHOULD THE NUMBER OF DILUTIONS AT WHICH STORM SEWAGE MAY PROPERLY 
BE ALLOWED TO PASS INTO A STREAM BE DEPENDENT UPON THE SIZE AND NATURE 
OF THE STREAM. 


Fifth Report: Appendia I. 





Messrs. Raymond Ross & Pickles (Burnley): Yes, especially with reference to the rate of increase in the 


Mr. 


Mr. 


Mr. 


volume of stream and its velocity in storm times. In some cases, when road washings have once been 
disposed of, the whole volume of storm sewage might be discharged into a stream without injury 
to the stream. 


The number of di:utions should be determined, if possible, by mutual arrangement between rivers 
board and local authority. In cases of dispute, there should be reference to ceatral authority. 


. Bolton (Heywood): Thinks that there should be differentiation between towns on tidal rivers and 


inland towns. There are no rivers which would not suffer from first rushes of storm water. 


. Kershaw (Rotherham): Yes. 


. Campbell (Huddersfield): Yes. 


Valentine (Oldham): Whatever the conditions of the stream, the storm sewage discharged into ft 
should be in good condition: it should have no odour of sewage, it should pass the incubator test, 
and it should have practically no coarse suspended matter— the greater portion of the suspended matter 
should be of an inorganic nature. 


. Wilkinson (Oldham): The point at which storm sewage should be allowed to pass directly into. a. 


stream should depend upor the relative size of the volume of the stream, to the amount of sewage 
to be discharged into it, and upon the rapidity of the flow in the stream. 


Fowler (Manchester): Yes, the conditions at the outfall should in all cases be studied. The amount 
of impurity which can be discharged depends (a) on the power of the stream to carry matter in sus- 
pension, and (6) the available dissolved oxygen in the stream. Greater strictness is required where 
the stream supports fish life or is a source of water supply. 


Carter Bell (Salford): Certainly, the storm overflow should depend on the circumstances. 
ff 


\ 


23512 


24257 


24676 


24950 


26C21 . 


25 


(9.) SHoULD THE NUMBER OF DILUTIONS AT WHICH STORM SEWAGE MAY PROBABLY BE ALLOWED TO PASS 


INTO A STREAM BE DEPENDENT UPON THE SIZE AND NATURE OF THE STREAM (continwed). 





Mr. Wike (Sheffield): Yes. 


Mr. Wilkinson (Manchester): Yes, to some extent; but the limits of variation are small. Seems to think 
that dilution by five volumes at time of maximum flow should generally be required, this being the 
lowest limit consistent with the protection of the stream from putrescible and suspended matter. Only 
under special circumstances (described) can volume be varied. 


Dr. Letts: Yes. | 


Messrs. Watson & O'Shaughnessy (Birmingham): Yes: each case should be taken on its merits. . 


Messrs, Willcox & Raikes: Generally speaking, yes ; but, as a general rule, no untreated storm sewage 
below three times the maximum dry-weather flow should be allowed to pass to a river. 
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STORM 
WATER 
SEWAGE. 


20732 


21098 


21429 


22407 


23205 


23515 


23848-8 


24259 
24954 
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(10.) SHOULD THE SURFACE WATER FROM ROADS BE PURIFIED. 





Fijth Report: Appendia I. 


Messrs. Raymond Ross & Pickles (Burnley): The first portions of storm water should be purified unless 
the size and volume of river renders this unnecessary. 


Mr. Bolton (Heywood): Yes, some simple treatment, as, for example, settlement in tanks. 


Mr. Kershaw (Rotherham): Yes. 


Mr. Valentine (Oldham): Yes, decidedly so, the first portion washed down by a storm. 


Dr. Wilkinson (Oldham): The first washings from a street is an exceedingly polluted liquid. 


Mr. Carter Bell (Salford): Yes. 


Mr. Wike (Sheffield): Yes, where it comes from streets in which there is heavy traffic or market refuse.. 


Road water at Sheffield very polluting. 


Mr. Wilkinson (Manchester) Watson & O'Shaughnessy (Birmingham): The first flush should be purified. 


24432 (p.574.) Dr. Reid: Road drainage in populous towns is highly polluting, and should be subjected to at least partial 


26025 


subsidence. 


Messrs. Willcox & Raikes: Surface water from paved spaces such as markets should be purified ; but 
ordinary street washings may usually be discharged directly into natural watercourses. 


20733 


21603 


22408 


22745 


25516 


252€0 
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(11.) WHAT ARE THE COMPARATIVE COST AND ADVANTAGES OF THE SEPARATE AND 


COMBINED SYSTEMS OF SEWERS. 





Fifth Repor:: Appendix I, 


Messrs. Raymond Ross & Pickles (Burnley): Necessary that some portion of rain water should flow into 


Mr. 


5 


the sewers. In most circumstances a partially separate system of sewers is desirable. But there 
must be some storm water admitted for flushing the sewers (21007). 


A partially separate system at Burnley cost about one-fifth more than if a combined system alone 
had been constructed. Annual cost of maintenance of surface drains is very small compared with that 
of sewerage system. 


Campbell (Huddersfield): No general rule can be fixed. Whether one system or the other is adopted 
depends on method of treatment, ¢.g., the separate system would seem preferable if the sewage were 
treated chemically as there would be a smaller amount to be treated (21724). 


. Valentine (Oldham) : Has no practical knowledge, but, theoretically, the combined system is preferable. 


The first portion of road water ought to be purified, and, apart from this, filters work better if occasion- 
ally filled with settled or precipitated dilute sewage. 


. Fowler (Manchester): The separate system is impracticable in large towns ; first flush of storm must 


be treated in any case, and there is therefore no advantage in incurring the great cost of duplication 
of sewers. In villages and country districts where there is little traffic and the surface water is 
not very foul, a separate system could be provided with advantage, since the treatment of the 
sewage would be enormously simplified, the great difficulty being at sewage works to deal with the 
ever varying volume and concentrztion of the sewage in wet weather. 


. Carter Bell (Salford): Separate system has great advantages for scantily populated areas, but for 


town areas the combined system is always preferable. In the respective cases, economy is best secured 
by the differentsystems. Main consideration for this view is that it would be too costly to establish 
a separate system in towns which have already been sewered on combined system (23296-8). 


. Weke (Sheffield): Generally speaking, a separate system would be more advantageous in a flat dis- 


trict than in a hilly one, and it would probably be more economical where a new scheme was being 
laid out. In an old town, the cost of a separate system would be prohibitive. 


. Wilkinson (Manchester): Generally speaking, combined system is preferable in urban areas. First 


portion of road water is of polluting character and ought to be purified ; there is also the necessity 
for flushing the sewers thoroughly. In residential districts and rural areas the separate system offers 
advantages, provided sufficient rainwater is admitted to foul sewers to keep them clean. The separate 
system would also offer advantages where pumping has to be resorted to, by minimising 
volume to be pumped. No fixed rule can, however, be laid down. Separate system would generally 
entail an increase of 33 per cenb. in initial cost. 
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(11.) Wat arz THE CoMPARATIVE Cost AND ADVANTAGES OF THE SEPARATE AND CoMBINED SysTEMS 





STORM i 
WATER oF SEWERS (continued). 
SEWAGE. : 
see Messrs. Watson & O’ Shaughnessy (Birmingham): In urban districts a combined system is warranted on 
economical and sanitary grounds. In suburban and rural districts a separate system is generally 
justified. 
26026 Messrs. Willcox & Raikes: Separate system is usually the more costly in initial expenditure, but is far 
‘5 more satisfactory and the cost of maintenance is usually less where road detritus is excluded from 
sewers. 


1606 


22410 


22.606 


22743 
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(12.) WHAT TIME IS NECESSARY TO GAIN A GOOD TANK LIQUOR CONTAINING, SAY, 


Mr. 


Mr. 


Dr. 


NO MOBE THAN SIX TO EIGHT PARTS PER 100,000 OF SUSPENDED SOLIDS (WITHOUT 
THE ADDITION OF CHEMICALS) (1) BY QUIESCENT SETTLEMENT; (2) BY GONTINU- 
9OUS FLOW SETTLEMENT. 


Fifth Report: Appendix I. 


Campbell (Huddersfield): Eight hours by continuous flow. 


Harrison (Leeds): Generally speaking, two hours quiescent settlement will reduce the suspended 
solids to eight to ten parts per 100,000 ; with continuous settlement, about a twelve hours rate of flow 
is required. 


. Valentine (Oldham): About fifteen hours by continuous flow settlement. 


Wilkinson (Oldham): Probably six or eight hours, by continuous flow settlement. 


. Fowler (Manchester): Generally speaking, two hours for quiescent settlement, and four hours for 


continuous How. 


. Wike (Sheffield): Two to three hours by quiescent settlement. Eight to twelve hours by continuous 


flow settlement, provided that the s!udge be removed frequently from the tanks. 


Messrs. Watson & O'Shaughnessy (Birmingham): Eight to ten hours by continuous flow. Less time for 


quiescent settlement. 


Messrs. Willcox & Raikes: Seldom possible to reduce to six or eight parts per 100,000 by settlement alone. 


SEDIMEX- 
TATION, 


SEDIMEN- 
TATION 
TANKS. 


21101 


21434 


21607 


21975A 


22411 


22607 


22749 


23210 


23019 


24959 


26030 
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(13.) SHOULD SETTLEMENT TANKS BH USED IN SERIES OR IN PARALLEL. 


Mr. 


Mr. 


Mr. 


Mr. 


Mr. 





Fifth Report: Appendix I. 


Bolton (Heywood): Prefers to use tanks in parallel, thus getting a divided quantity of sewage in each 
tank and consequently a more gentle flow. 


Kershaw (Rotherham): Would say that tanks in series give best results. (Has not worked on other 
system: this is merely a general opinion: 21555.) 


. Campbell (Huddersfield): In parallel. This method provides for more equal distribution of sludge 


(21907). 


Harrison (Leeds): With continuous flow, prefers tanks in parallel scries of three or four: with quies- 
cent flow, in parallel. 


Valentine (Oldham): Would prefer a combination of both, one large tank to receive the combined 
liquor from tanks used in parallel. No practical experience, however. 


Wilkinson (Oldham): Personally would prefer tanks divided by a cross wall into two. 


Mi. Fowler (Manchester): In parallel. Beyond a certain length of tank there is little additional settlement, 


Mr. 


Mr. 


and there is greater difficulty in cleaning the tanks one after the other (22907). 


Carter Bell (Saljord): In parallel. (No particular reason for this : 23304.) rh 


Wike (Sheffield): In parallel. 


Messrs. Watson & O'Shaughnessy (Birmingham): In parallel. 


Messrs, Willcox & Raikes: Where slow velocity is required tanks should be worked in parallel rather than 


in geres. 
- 


21102 


21435 


21608 


22412 


22750 


23211 


23520 


24960 


26031 
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(14.). IS THHRE ANY ADVANTAGE IN THE EMPLOYMENT OF BAFFLING BOARDS OR 
WALLS IN THE GASE OF CONTINUOUS FLOW TANKS. 





Fifth Report: Appendix I. 


Mr. Bolton (Heywood): Has found no advantage in baffling walls. They are a source of considerable 
inconvenience during sludging operations. 


Mr. Kershaw (Rotherham): Baffle walls not of much service ; but scum boards should be provided. 


Mr. Campbell (Huddersfield): Slight advantage in baffling boards; they prevent sludge accumulating at 
outlet end. 


Mr. Valentine (Oldham): Does not see much advantage. 


Mr. Fowler (Manchester): Yes: baffling boards keep back much of the floating grease, and, if made deep, 
tend to prevent surface currents. A submerged wall at the inlet facilitates separation of grit from 
the sludge proper. 


Mr. Carter Bell (Salford): Yes. 


Mr. Wike (Sheffidd): Yes; the walls retain the heavy detritus at one end and faoilitate sludging. 


Messrs. Watson & O'Shaughnessy (Birmingham): Yes, of considerable use. 


Messrs. Willcox & Raikes: No. 


SEDIMEN: 
TATION 
TANKS, 


SEDIMEN- 
TATION ~ 
TANKS. 


21104 


21437 


21610 


21976 


22414 


22610 


22752 
22909-10 
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(15.) SHOULD ‘THE HEAVY PORTION OF THE SUSPENDED MATTER IN: SEWAGE 
(ROAD DETRITUS, &c.) BE REMOVED AS A FIRST OPERATION, OR IS IT: BETTER 
AND MORE ECONOMICAL TO. LET EVERYTHING SETTLE IN THE TANKS, AND 
SUBSEQUENTLY TO SOREEN THE SLUDGE. ; 


| Fifth Report : Appendix I. 


Mr. Bolton (Heywood): Far better to remove heavy road detritus as a first operation, especially where 
sludge has to be pumped. Advantageous in any case. 


Mr. Kershaw (Rotherham): Prefers to keep road detritus out of tanks as far as possible. 


Mr. Campbell (Huddersfield): All grit should first he removed 


Mr. Harrison (Leeds): At Leeds the road detritus, etc., is settled out in the tanks. 


Mr. Valentine (Oldham): Would prefer the.removal of the road detritus, etc., as a first operation, and 
thinks it would be more economical than the other plan. 


Dr. Wilkinson (Oldham): Road detritus, ashes, etc., are best removed by prelimiaary detritus tanks. 


Mr. Fowler (Manchester): In general, sludge can be successfully screened ; but where sewage contains 
much cotton waste or other fibrous material, it is necessary first to screen the sewage. 


Mr. Carter Bell (Salford): At Salford detritus, etc., is first arrested. 


Mr. Wike (Sheffield) : Sule Dr. Letis ; The road detritus, etc., should first be removed.: 
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(15.) SHoutp THE Hkavy PorTIoN oF THE SUSPENDED MATTER IN SEWAGE (Roap DETRITUS, ETC.), BE 
REMOVED AS A First OPERATION, OR IS IT BETTER AND MORE ECONOMICAL TO LET EVERYTHING SETTLE 


IN THE TANKS, AND SUBSEQUENTLY TO SCREEN THE SLUDGE (continued). 





Messrs. Watson & O'Shaughnessy (Birmingham): Better to let everything settle and subsequently screcn 
the sludge. At the same time, more economical to insert partition walls to separate maximum amount 


of road detritus. 
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Sete emis (16.) IS THERE ANY NUISANCE FROM [THE TREATMENT OF SEWAGE IN SETTLE. 
TANES, MENT TANKS. 





Fifth Report: Appendix I. 


21613 Mr. Camphell (Huddersfield): No. 


21440 Mr. Kershaw (Rotherham): Slight smell at times, but nothing serious. 


22417 Mr. Valentine (Oldham): No. 


22612* Dr. Wilkinson (Oldham): No. 


22755 Mr. Fowler (Manchester): No. 


23216 Mr. Carter Bell (Salford): No. 


23525 Mr. Wike (Sheffield): No. 


24065 Messrs. Watson & O'Shaughnessy (Birmingham): No nuisance ; but more smell from settlement tanks 
than from septic tanks. 


26036 Messrs. Willcox & Ratkes: No. 


4217 
4476-8 


4825-6 
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20836-57 


21106 


21442 


21615 


21978 


22122-4 
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(17.) IS SEWAGE FROM WHICH THE SOLIDS HAVE BEEN REMOVED BY THE AID OF 
CHEMICALS LESS EASILY PURIFIED BY SUBSEQUENT FILTRATION THAN SEWAGE 
FROM WHICH THE SOLIDS HAVE BEEN REMOVED BY SETTLEMENT OR BY 
PASSAGE THROUGH SEPTIC TANKS. 





Interim Report: Vol. II, (Cd. 686), 1902. 


Dr. S. Rideal: Lime has a sterilising action, with the result tha! there is ab-ence of n‘trification in the 
sub equen} filtration. 


Mr. C.J. Whittaker: Lime is necessary at Accrington to neutralise the acidity of the sewage. Abstention 
from lime led to unzatisfaciory results, 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Obtained better results from contact beds with septic tank 
liquor than with chemically precipitated sewage. Both speak positively on this point: chemicals 
used for precipitation caused deposit of iron in beds which was detrimental to them. 


Have made no simultaneous experiments for purpose of ascertaining comparative results. Answers 
based on albuminoid ammonia figures. 


Mr. Bolton (Heywood): At Heywocd a chemically precipitated sewage was more easily treated in the 
contact beds than a septic tank liquor. 


Mr. Kershaw (Rotherham): No. 


Mr. Campbell (Huddersfield): No, equally good results are obtained with a chemically precipitated effluent 
as with a septic tank liquor. 


Mr. Harrison (Leeds): Recent experiments show that an effluent, produced by using eight grains of lime 
per gallon and two. grains of sulphate of alumina and practically free from suspended matter, can be 
treated more easily in trickling filters than septic tank or settled sewage. (Comparative analytical 
figures are given.) Analytical results with chemically precipitated sewage are better and a greater 
quantity per cubic yard can he treated (100 gallons of precipitated sewage against sixty-one gallons 
of septic tank effluent). , 
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(17.) Is SEWAGE FROM WHICH THE SOLIDS HAVE BEEN REMOVED BY THE AID OF CHEMICALS LESS EASILY 


CHEMICAL 
PRECIPI- PURIFIED BY SUBSEQUENT FirurRaTION THAN SEWAGE FROM WHICH THE SOLIDS HAVE BEEN REMOVED 
TATION. BY SETTLEMENT OR BY PassaGe THROUGH Septic Tanks (continued). 





22419 Mr. Valentine (Oldham): A sewage, especially a strong one, treated reasonably with chemicals is more 
easily purified by subsequent filtration than the same sewage subjected to settlement only. Is inclined, 
hov ever, to prefer a septic liquor to either. The solid matter in the sewage is the difficulty in the 


22514 way of purification. 


e264 Dr. Wilkinson (Oldham): Generally, simple settled sewage gave a better result than that precipitated 
by chemicals. A septic efiluent, if not containing too many solids, gives a better result than either. 


22757 Mr. Fowler (Manchester): Assuming the same amount of suspended matter, and the same character of 
filtering medium, thinks that rather better results are obtained from septic tank liquor. Much better 
results were obtained at Manchester from septic tank liquor and double contact than from settled 
sewage and double contact ; and the coke and clinker experimental filters treating precipitated and 
settled sewage never produced nitrates as in the case of the beds receiving septic tank liquor. No 
strictly comparable experiments have, however, been made by him. 


23527 Mr. Wikeand Mr. Haworth (Sheffield): Experiments at Sheffield in the treatment in contact beds of lime 
23640-1 precipitated sewage were practically a failure. The alkalinity of the limed effluent would seem to 


have sterilised the beds. 


=f 


24432 (p.574) Dr. Reid: If anything, chemically treated sewage is more readily purified by subsequent filtration. In 
some cases (¢.g., where sewage contains galvanisers’ waste) chemical treatment is essential. 


24967 Messrs. Watson & O'Shaughnessy (Birmingham): No difficulty found in filtration of chemically pre- 
cipitated sewage. : 


caps Mr. F. Scudder: Got excellent results from the treatment of chemically precipitated effluent in percolating 
filters. Equally good results with settled sewage. Not such good results with septic tank effluent. 


26038 Messrs. Willcox & Raikes: Found that chemically (lime) treated liquor had a tendency to clog the land 
filters at Hanley ; the land was practically converted into concrete (26312). 


21108 


21444 


21617 


21980 


22421 


22616 


22759 


23219 


23529 
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(18.) WHAT IS THE MOST EFFECTIVE WAY_OF ADDING CHEMICALS TO SEWAGE. 


Mr. Harrison (Leeds): Lime is best added in form of lime water, where practicable. Wherenot practicable 


Mr. 


Mr. 





Fifth Report: Appendix I. 





. Bolton (Heywood): In solution of known strength. 


. Kershaw (Rotherham) : In solution. 


in advance of copperas. 


weak milk of lime should be used. Other chemicals should be used in solution where possible. 


addition is easily controlled, according to the varying strength and volume of the sewage. 


. Wilkinson (Oldham): At Oldham, lime is added as lime-water, and the copperas in solution. 


amount applied varies automatically with the flow of sewage. 


. Fowler (Manchester): In solution, with moderate mixing by baffling boards or otherwise. 


Carter Bell (Salford): Lime as milk of lime, and the copperas afterwards, in solution. 


Wike (Sheffield): In the form of milk of lime, after being well mixed with sewage and churned. 


. Campbell (Huddersfield): Lime should be added as milk of lime, and applied from five to ten minutes 


. Valentine (Oldham): By dissolving (or diluting in the case of lime) the chemicals. In this way, the 


The- 
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CHEMICAL (18.) Wat 1s THE most Errective WAY OF ADDING CHEMICALS TO SEWAGE (continued.) 


PRECIPI- 
TATION. en a eee 





24432 (p. 574) Dr, Retd: In soluble form. 


24969 Messrs. Waison & O'Shaughnessy (Birmingham): Thorough amalgamation of milk of lime with sewage 
before it enters tank. Milk of lime can be shot into the sewer. 


26040 Messrs. Willcox & Raikes: Thorough riding is essential, either by passing through pumps, mechanical 
mixers, or other means. 
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(19.) IS IT NECESSARY TO,ADD FURTHER CHEMICALS TO THE SLUDGE FROM PRE. 
CIPITATION TANKS FOR THE PURPOSE OF PRESSING OR OTHERWISE. 


Fifth Report: Appendix I. 


2111 Mr. Bolton (Heywocd): Yes, to keep it porous and to prevent it sticking to the sheets. Lime is used in 
small quantity (1°2 per cent.) prior to ths sludge being passed into ejectors. 


21446 Mr. Kershaw (Rotherham): Lime is necessary for pressing sludge. It should be added in form of dry 
powder in the mixing vessel. 


21620 Mr. Campbell (Huddersfield): Yes, lime is added to render sludge more manageable. Lime is slaked and. 
made into a cream with water and run into the ram with the sludge. 


21982 Mr. Harrison (Leeds): Not where the sludge is dried in lagoons. 
22618 Dr. Wilkinson (Oldham) > It is necessary to add lime to the sludge to kill the grease, before it will 
22423 Mr. Valentine (Oldham) : press readily. Slaked lime is added and mixed by manual labour. 


22762 Mr. Fowler (Manchester): Yes. Lime is added to the amount of 2 per cent. on the wet sludge in order to. 
_ obtain a coherent cake. Added in form of powdery slaked lime by manual labour. 


23221 Mr. Carter Bell (Salford): Not at Salford: sludge is sent to sca. 


23531 Mr. Wtke (Sheffield): No. 


24432 (p.574) Dr. Reid: Addition of lime facilitates the process of pressing, and enables a drier and firmer cake to Le 
formed. 


CHEMICAL 
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24972 


26043 
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(19.) Is rr NECESSARY TO ADD FURTHER CHEMICALS TO THE SLUDGE FROM PRECIPITATION TANKS FOR 
THE PURPOSE OF PRESSING OR OTHERWISE (continued). 


Messrs. Watson & O'Shaughnessy (Birmingham): No. (Sludge pumped to land, not pressed.) 


Messrs. Willcox & Raikes: Where sludge is pressed, additional lime is required to counteract glutinous 
or greasy matter which would clog the filter cloths in the presses. 


20740* 


21113 


21449 


21623 


21986 


22425 


22.621 


22765 


3534 
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(20.) IS THERE ANY NUISANGE FROM THE TREATMENT OF SEWAGE IN CHEMIOAL 
PRECIPITATION TANKS. 





Fifth Report: Appendix 1. 


Messrs. Raymond Ross & Pickles (Burnley): No. 


Mr. Bolton (Heywood): Offensive smell during sludging operations, but not at other times. 


| Mr. Kershaw (Rotherham) : Ordinarily, no. 


Mr. Campbell (Huddersfield): No. 


Mr. Harrison (Leeds): Not from the tanks, but from the drying of the sludge in lagoons. 


Mr. Valentine (Oldham): No. 


Dr. Wilkinson (Oldham): No. 


Mr. Fowler (Manchester): No. 


Mr. Wike (Sheffield): No 


4432(p.574) Dr. Reid: No. 
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CHEMICAL (20.) Is THERE ANY NUISANCE FROM THE TREATMENT OF SEWAGE IN CHEMICAL PRECIPITATION 
PRECIPI- TANKs (continued). 
TATION. 
24975 Messrs. Watson &» O'Shaughnessy (Birmingham): Not from the treatment itself, but from the sludge. 
26046 Messrs. Willcox 4: Ratkes: No. 
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(21.) HOW SHOULD SEPTIC TANKS BE SHAPED. HE 


Interim Report; Vol. II. (Cd. 685), {1902. 


7248 Col. Harding: Shape of tank not important. 





Fifth Report: Appendix I. 


20741 Messrs. Raymond Ross & Pickles (Burnley): Have found rectangular-shaped tanks (eighty feet by forty- 
six feet by six feet six inches) convenient. 


21114 Mr. Bolton (Heywood): Rectangular; length about four times the width. 


21450 Mr. Kershaw (Rotherham): Oblong, and arranged so that sewage flows in direction of greatest length (no 
actual experience of septic tank treatment: 21549-50.) 
eC 


21624 Mr. Campbell (Huddersfield): Long, rectangular. 
21987 Mr. Harrison (Leeds): Rectangular, and from six to eight feet deep. Outlet should draw off below water 
level. 


It is preferable to have the flow across the short width of tank. 


22622 Dr. Wilkinson (Oldham): \ Rectangular; and the floor sloped to the entrance so that part of the sludge 
22426 Mr. Valentine (Oldham) : can be drawn off from time to time without emptying the tank. 
22766 Mr. Fowler (Manchester): Prefers long rectangular tank, so constructed that sludge can be removed from 


both inlet and outlet ends. 
6225—Ap. II. F2 
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SEPTIC (21.) How sHoutp Szuptic TANKS BE SHAPED (conéinued.) 
TANKS, 


23535 Mr. Wike (Sheffield): Long, rectangular, with the floor sloping to the inlet end in order to facilitate 
removal of sludge 


24261 Mr. Wilkinson (Manchester): Long rectangle in the direction of the flow is best shape. 


24432 (p. 574) Dr. Reid: Longitudinal. 


24976 Messrs. Watson & O’ Shaughnessy (Birmingham): Rectangular tanks work very well; but some observations 
upon a Dortmund tank (inverted cone shape) indicate that it is well adapted for septic treatment and 
25048 possesses marked advantages over rectangular form. The essential advantage is that a relatively 


large surface is exposed for the reception of the lighter organic sludge. 


26047 Messrs. Willcox & Raikes: Best results have been obtained when capacity equals daily dry -weather flow, 
and width is about one-third length; but these proportions must depead largely on capacity and 
velocity required. 


20742 


21115 


21451 


21625 


22427 


22623 


22767 


23536 


24262 
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(22.) SHOULD SEPTIC TANKS BE DIVIDED INTO SECTIONS. 





Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Know of no advantage in dividing tanks into sections. 


Mr. 


Mr. 


* Mr. 


. Bolton (Heywood): Not the tank itself. A grit chamber should be built at the inlet end unless catch 


pits are provided. 


. Kershaw (Rotherham): Not necessary, except for facilitating sludging (no actual experience of septic 


tank treatment: 21549-50.) 


. Campbell (Huddersfield): If they are not of good length, tanks should be divided into sections to 


lacken flow. 


. Valentine (Oldham): Agrees generally with Dr. Wilkinson; but has had no practical experience of 


tanks divided into sections. 


- 


. Wilkinson (Oldham): Would prefer them either in series or with walls dividing them into sections 


so that the heavier sludge may be retained in the first tank or section. 


Fowler (Manchester): Useful to provide at least a compartment at inlet and outlet ends for facilita- 
ting removal of sludge. Sectional tanks useful also where flow of sewage fluctuates largely. 


Wike (Sheffield): Sunk walls are desirable to prevent sludge being carried forward. 


Wilkinson (Manchester): Dividing tanks into sections reduces to a minimum any disadvantage 
arising from fluctuation in the amount of flow. 


J 
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S#PTIC (22.) SHouLp Sepric ‘TANKS BE DIVIDED INTO SECTIONS (contenuwed.) 
LANKS, 





BALEO DBT) Dr. Reid: Not necessary, where separate detritus tanks are provided 


salt Messrs. Watson & O'Shaughnessy (Birmingham): No data to show that there is advantage. All instal- 
lations of large size must consist of several tanks to facilitate cleansing. 

ao Messrs. Willcox & Raikes: Yes, for convenience in emptying and cleaning, and in order to obtain a. 
fairly uniform depth. The maximum capacity of a tank or section should seldom exceed 500,000- 
gallons. 
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(23.) SHOULD SEPTIC TANKS BE USED IN SERIES OR iN PARALLEL. 


Interim Report: Vol. II, (Cd. 685), 1902. 


711-4 Mr. C. J. Whittaker: Most convenient to work tanks in series chiefly because it facilitates removal 
of sludge. Less solids in suspension in both the tank effluent and the final filtrate. 


249 Col. Harding: Only advantage in working in series is that it facilitates removal of sludge. Leeds did 
not by this system of working get an effluent more free from suspended solids. 





Fifth Report: Appecrdx I. 





1116 Mr. Bolton (Heywood): In parallel. 


1452 Mr. Kershaw (Rotherham): Thinks tanks in series are preferable. (No actual experience of septic tank 
treatment: 21549-50.) 


1626 Mr. Campbell (Huddersfield): In parallel. 


1988 Mr. Harrison (Leeds): Best used in parallel so as to reduce rate of flow to a minimum. Experiment at 
Leeds with tanks used in series gave unsatisfactory results, on account of the first tank sludging up 
rapidly. 


Earlier experiments at Leeds seemed to point to advantage in working in series, as the sludge 
could be more easily removed. See 14951-5 (Third Report: Vol. II.) and Col. Harding’s 
evidence. ) 


12623 Dr. Wilkinson (Oldham): Would prefer them either in series or with walls dividing them into sections, 
so that the heavier sludge may be retained in the first tank or section. 


22768 Mr. Fowler (Manchester): in parallel. 


SEPTIC 
TANKS. 


48 


SEPTIt¢ 23.) SHoutp SEepric TANKS BE USED IN SERIES OR IN PARALLEL (continued. ) 
TANKS. 
23537 Mr. Wike (Sheffield): A single tank of suitable length is sufficient. 
24263 Mr. Wilkinson (Manchester): Preferably in parallel, as uniformity of septic action throughout liquid is. 
secured. 


~~ 


24432 (p.574) Dr. Reid: In parallel. 


24978 Messrs. Watson & O'Shaughnessy (Birmingham) :. In parallel 


26049 Messrs. Willeox & Raikes: In parallel, to secure slow velocity. 


1643, 
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3440-3 
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(24.) 18 A SGUM NEGESSARY OR DESIRABLE IN A SEPTIG TANK. ad 


Interem Report: Vol. LI. (Cd. 686). 1902. 





Mr. Baldwin Latham: At Barton, the smell coming from the scum was very disagreeable. 


Mr. Fowler (Manchester): Septic tank is always ten degrees hotter than the atmosphere, and the scum 
is useful in preserving its heat in winter time. 


Mr. G. Chatterton: Had personal experience of an undoubted nuisance arising from the scum in an open 
septic tank dealing with domestic sewaze. F 


Lifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Believe a scum is desirable; but do not find that it 
makes any difference in the purity of final effluents. ‘ 


No strong reason for thinking a scum desirable ; but believe it is useful in conserving the heat of 
the sewage. 


Mr. Bolton (Heywood): Not absolutely necessary, but is desirable. It keeps the smell down and also 
keeps the lighter solids over whole surface, preventing them from being washed out of tanks before 
they have been resolved into simpler compounds. 


Mr. Kershaw (Rotherham): Not absolutely necessary. (No actual experience of septic tank treatment. 
21549-50.) 


Mr. Campbell (Huddersfield): Not necessary. 


Mr. Harrison (Leeds): No. At Leeds it was found that the scum became broken up in wet weather, and 
caused heavy increase of suspended matter in tank effluent. The tanks are now kept free from scum 
and it has not been found that its absence is deleterious. 


6225.—Ap. II. G 
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(24.) Is a Scum NecEssary OR DESIRABLE IN A Srptic TANK (continued). 





Mr. Valentine (Oldham): Does not think so. 


Dr. Wilkinson (Oldham): Has no practical experience ; but is disposed to think that the scum, by forming 
a cover, may be of assistance and allow greater bacterial growth. 


Has made experiments showing that liquefaction takes place more rapidly in the dark. 


Mr. Fowler (Manchester): Not necessary for bacterial action; but useful in maintaining equable con- 
ditions and arresting floating fat. 


Mr. Wike (Sheffield): Not that he is aware of. 


Mr. Wilkinson (Manchester): Ascum not absolutely necessary, and may be disadvantageous in some cases. 


24432(p.574) Dr, Reid: Does not consider a scum necessary. 


24979 


26050 


26991 


27002 4 


Messrs. Watson & O’ Shaughnessy (Birmingham): Efficiency of tank does not appear to depend on presence 
or absence of scum. A scum may, however, facilitate the conservation of heat to some extent. 


M ae Ub sie & Raikes: Not necessary ; but sometimes desirable for preventing disturbance of surface 


Mr. F. : , 
r 4 Sisk eae Fore appearance of a true bacterial scum is the first indication of over-putrefaction. 
rere Bak. oe i jection mainly because of the mechanical troubles which arise in the filter from 
ment of t : under surface of the scum which passes away with the liquid. (Seealso 27011-6.) 
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(25.) SHOULD THE SEPTIO TANK BE OOVERED. Se. 


Interim Report: Vol. IT. (Cd. 686). 1902. 


Mr. Baldwin Latham: Tf tanks are left open a layer of offensive matter accumulates on surface. At 
Barton, the smell coming from the top layer was very disagreeable. 


Mr. C. J. Whittaker (Accrington): No advantage in covering tank so far as septic action is concerned. 


Mr. R. A. Tatton: Not much use in a cover, apart from the possibility of consuming the gas. 


Col. Harding: No appreciable advantage in aclosed tank (experience at Leeds), and roofed-in septic 
tanks may, if not under proper care, become aserious source of danger owing to the gases. 


Mr. G. R. Strachan: Not much experience, but would prefer a closed tank (apparently for zsthetic reasons), 
A light roof would not cost much. 


Mr. Fowler (Manchester): Results with open and closed tanks were practically identical. 


° 


Dr. P. F. Frankland: No difference in results ; but covering may be desirable in some cases for avoid- 
ing smell and possibility of gas collection. 


Fourth Report: Vol. II. (Cd. 1884), 1904. 


Dr. Clowes: Open tanks were quite as satisfactory as closed ones at Crossness. 


6225.—Ap. LI. G2 
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(25.) Swoutp THE Septic TANK BE COVERED (continued). 


Fifth Report: Appendix I 


Messrs. Raymond Ross & Pickles (Burnley): Experiments proved conclusively that with Burnley sewage 


nothing was gained by covering tank ; not worth the expense. 


Mr. Bolton (Heywood): Not necessary to cover tank except where it is near dwellings. 


nuisance from smell. 


4 


Covering avoids 


Mr, Kershaw (Rotherham): No material advantage in closed tank. (Had no actual experience of septic 


tank treatment: 21549-50.) 


Mr. Campbell (Huddersfield): No advantage in covering. A cover is costly and dangerous. 


Mr. Harrison (Leeds): Closed tanks possess no advantages over an open one, except possibly in mini- 


mising risk of nuisance. 


Mr. Valentine (Oldham): Sees no advantage in a closed septic tank over an open one. 


= 


Dr. Wilkinson (Oldham): Assuming a scum to be of value, the only advantage in a covering for the tank 


would be the preservation of the scum against the effects of rain, wind, etc. 


Mr, Fowler (Manchester): A cover is not necessary for septic action, and sludging is easier with an open 
tank. On the other hand, a cover protects the tank from wind and rain ; a closed tank is more sightly. 


and it is possible to minimise any risk of nuisance by the provision of shafts. 


Mr. Wike (Sheffield): Not aware ot any advantage to be gained by covering which would warrant the 


expenss 


\ 
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(25.) SHOULD THE SEPTIC TANK BE COVERED (continued). ae 


24264 Mr. Wilkinson (Manchester): No advantage in a closed tank, except possibly in the way of avoiding 
nuisance, and minimising surface disturbance in case of large tanks exposed to wind. Oover increases 
cost from 30 to 50 per cent. 


24482(p.575) Dr. Reid: No advantage in covering tank, except where its position necessitates special precautions 
against risk of nuisance. 


24980 Messrs. Watson & O'Shaughnessy (Birmingham): Six months’ observations of both kinds do not show 
that closed tank has any appreciable advantage over open tank. 


26051 Messrs. Willcox & Raikes : Septic action not improved by covering, but possibility of smell is reduced. 
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(26.) WHAT IS THE BEST ARRANGEMENT FOR THE “FEED” AND “DRAW-OFF” FOR 


SEPTIC TANKS. 





Fifth Report: Appendix I., 


Messrs. Raymond Ross & Pickles (Burnley): Admission should be by sealed inlets at deep end of tank, 


Dr. 


Mr. 


arranged so as to give greatest possible diffusion through tank. Draw-off should consist of sealed 
outlet and sill running whole width of tank opposite feed. 


. Bolton (Heywood): Dipping inlets and bent outlets. (Sketch given.) 


. Kershaw (Rotherham): Some form of submerged inlet and outlet desirable. (Had no actual ex- 


perience of septic tank treatment: 21549-50.) 


. Campbell (Huddersfield): The feed should be a few feet below the surface. For “* draw-off,” there 


should be a long pipe with slot on under side, the effluent to pass over a lip or sill to allow of aeration. 


. Harrison (Leeds): Both methods of feeding, below and at the surface level, answer equally well. The 


outlet should always be below the surface. 


- Valentine (Oldham): Sees no reason why the ordinary “ surface ” methods should not be used. If, 


however, the sludge is allowed to accumulate, the ‘‘ draw-off’’ should be about eighteen inches below 
the surface. 


Wilkinson (Oldham): Very little experience; but the ‘‘ draw-off’”’ must be below the surface, and 
the feed also, if the tank is to be air-tight. 


Fowler (Manchester): A long submerged sill having in front some form of baffle plate so that a steady 
flow may be maintained through body of tank 


. Wike (Sheffield): Both inlet and outlet should consist of a narrow slit across the whole width of 


tank, the inlet being »well below surface, 
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(26.) Wat is THE Brust ARRANGEMENT FOR THE “Freep” AnD “ Draw-orr” For SEpric Tanks 





(continued), 
24265 Mr. Wilkinson (Manchester): ‘‘ Feed” should be by dip pipes or valves delivering midway between surface 
and bottom. ‘‘ Draw-off”’ should be by perforated wall with a channel behind, the openings into 


the channel being at about quarter the total depth from the surface. 


24432 (p.575.) Dr. Reid: Both feed and draw-off should be by submerged inlet and outlet extending for whole width of 


tank. 
24981 Messrs. Watson & O'Shaughnessy (Birmingham): In Dortmund Tank, feed is a large submerged pipe 
coinciding with axis of cone and discharging vertically downwards. ‘‘ Draw-off” consists of trough 


running diametrically across tank 


26052 Messrs. Willcox & Raikes: In each case a weir extending full width of tank, with scum boards extending, 
say, two feet below surface of sewage in front of inlet and outlet. 


SEPTIC 
TANKS, 


SEPTIC 
TANKS, 


1895-6 
1960 


20748 


21121 


21631 


56 


27.) WHAT IS THE MOST ADVANTAGEOUS RATE OF FLOW THROUGH SEPTIC TANKS. 
| SHOULD THIS DEPEND ON THE STRENGTH OR CHARACTER OF THE SEWAGE, 





interim Report: Vol. II. (Cd. 686). 1902. 





Mr, D. Cameron (Exeter): Found eighteen to twenty hours’ stay in tank produced best condition for 
filtration. Rate would vary with strength of sewage and temperature, action being more rapid when 


sewage is concentrated and weather is warm. 


Colonel Harding: From experiments at Leeds arrives at conclusions :— 


(1) Tanks of capacity less than half day’s supply are too small to give time for septic conditions 
to arise. 


{2) Twenty-four hours’ rate is practical ; considers that this is the best rate. 


(3) Larger capacity does not give an appreciably better effluent, hut may probably bring about 
a larger digestion of deposit left in tank. 


Fourth Report: Vol, II. (Cd. 1884). 1904 





Dr. Clowes: Five or six hours in tank found to be sufficient for subsequent treatment in contact 
beds. (Experience of small installations in London.) The longer the stay in the septic tank the 
greater the risk of nuisafice. 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Not much difference within the limits of twelve and twenty- 
four hours’ rate of flow. Suspended matter in effluent greatly increased if flow is too rapid: on the 
other hand, no advantage in slower rate than twenty-four hours. 


Mr. Bolton (Heywood): The tank should have a capacity equal to twenty-four hours’ flow, so as to have 
uniform flow from the tank. When flow is increased up to three times dry weather rate, sludge is 
disturbed and portions pass over with the tank liquor, which is decidedly disadvantageous 


€ ' 


Mr. Campbell (Huddersfield): For an average sewage, twenty-four hours’ rate is the most advantageous. 
Any rate below twelve hours is disadvantageous because complete septic action cannot be obtained 
under twelve hours. A slower rate than twenty-four hours does not produce any better results. 
Weak sewage can with advantage be passed through at a much greater rate. 
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(27.) WHat IS THE MOST ADVANTAGEOUS RaTE OF FLow THROUGH SEPTIC TANKS. SHOULD THIS DE- 
PEND ON THE STRENGTH OR CHARACTER OF THE SEWAGE (continued). 





21992 Mr. Harrison (Leeds): A twenty-four hour rate of flow seems to give the best results, from the point of 
view of the amount of suspended matter in effluent. A slower flow gives very little better results. 

As the rate of flow is increased above the normal, a larger amount of suspended matter comes away. 

Believes that the rate of flow should depend upon the character of the suspended solids in the sewage. 


The following are averazes of analyses at different rates of flow :— 





























12 hour 24-hour | 48-hour | 24-hour 72-hour 
flow. flow. flow. . flow. flow. 
AmmoniacalN. .. as te 1°65 1:76 1-82 Pie 2°10 
AlbuminidN. ..  .. .. 590 -409 443 453 403 
| 
Oxygen absorbed in 4 hours at 8:15 6°24 6:10 6°45 5°12 
80°F. 
Soluble Solids Ft = 2 97:7 95°3 96°7 90-1 91-4 
Suspended Solids .. Ph: = 28-0 16-4 rae. ey 21:7 14-1 
1899-1900 1901-2 
Experiments. - Experiments. 
—_ 


2243304 Mr. Valentine (Oldham): From twenty to twenty-four hours, preferably the latter. Would think that there 
would be disadvantage in a fourteen to sixteen hours rate of flow. 


Weak sewage may be passed through tanks more quickly than strong. 


22773 Mr. Fowler (Manchester): Generally speaking, with sewage of a strength of forty gallons per head, about 
twenty-four hours’ flow is desirable, with a greater flow per head (organic matter remaining the same) 
the rate may be correspondingly quicker, and with a less flow, correspondingly less. Time must be 
given for settlement of the grosser solids and hydrolysis of the lighter suspended matter. 


22979 Is not inclined to allow longer than twenty-four hours. 

23542 Mr. Wike (Sheffield): Rate of flow must depend on strength and character of sewage. From twelve to 
twenty-four hours should be sufficient. (Has only had experience of small experimental tank at 
Sheffield). 

24967 Mr. Wilkinson (Manchester): Probably the most advantageous rate is eighteen hours. 


24432(p.575) Dr. Reid: Further experience is required. Personally, thinks that, for ordinary domestic sewage, rate 
may be from fourteen to sixteen hours. 


6225.—Ap. IT. H 
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(27.) Wuat 1s THe Most ApvanTaGcHous RATE OF FLtow THRouGH SEpTic Tanks. SHOULD THIS 


TANKS. DEPEND ON THE STRENGTH OR CHARACTER OF THE SEWAGE (continued). 





24983 Messrs. Watson & O'Shaughnessy (Birmingham): ‘Twenty-four hours’ rate is found distinctly advan- 
tageous for Birmingham sewage. Rate should depend largely on the strength and character of the 


sewage—stronger sewage requiring the longer time. 





26054 Messrs. Willcox & Raikes: Results always satisfactory where capacity equals twenty-four hours’ flow. 
Quicker rate increases suspended matter in effluent. 


26991 Mr. F. W. Stoddart: From experiments at Knowle concludes that the most advantageous rate is one 
which falls just short of allowing the true bacterial scum to develop. (See also 27020-36.) 
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(28.) IS IT POSSIBLE TO ‘ OVER-SEPTICISE®: A SEWAGE, SEPTIC 
TANKS, 


Interim Report: Vol. II, (Cd. 686). 1902. 


2071-5 Mr. D. Cameron (Exeter) ; Some evidence for thinking that if the sewage is too long in the septic tank 
—say 36 hours—a nuisance may arise. 


3242 Mr. Scott-Moncrieff: At Caterham anaerobic action was carried to a point at which the nitrification was 
completely suspended. 


Fourth Report : Vol. II. (Cd, 1884). 1904. 


18748 Dr. Clowes: Experience of small installations shows that sulphuretted hydrogen is generated if sewage 
remains too long in tank. 


Fifth Report: Appendix I, 





20749 Messrs. Raymond Ross & Pickles (Burnley): If sewage be kept too long in tanks, considerable quantities of 
sulphuretted hydrogen are produced, causing nuisance and interfering with subsequent treatment of 
the effluent by using up oxygen and interfering with hydrolysis. 


21122 Mr. Bolton (Heywood): Where tank is worked too slowly, effluent may give off very offensive odours of 
sulphuretted hydrogen. Had actual experience of this (21210-1.) 


21632 Mr. Campbell (Huddersfield). Yes. The products formed by “ over-septicising ” are injurious to nitrifying 
organisms in filters. 


21993 Mr. Harrison (Leeds): Has not found it possible to “‘over-septicise,” even with a seventy-two hours’ 
flow. Possibly owing to large amount of iron in Leeds sewage (22048. ) 


6225.—Ap. II. Hs 
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(28.) Is 17 PossIBLE TO OVER-SEPTICISE A SEWAGE (continued). 


Mr. 


Hr. 


Mr. 


Mr. 





Valentine (Oldham): Yes, there would probably be an excess of the ultimate products of decomposi- 
tion, such as sulphuretted hydrogen, carbonic acid, and the simpler organic bodies. Filters have 
great difficulty in dealing with such a liquid. The “ over-septicising ’’ would be brought about by 
a too slow rate of flow. 


Fowler (Manchester): Exact information is required. Certain, however, that prolonged retention in 
tank causes evolution of sulphuretted hydrogen, and consequent production of nuisance. 


Wike (Sheffield): Yes. When the sewage remains too long in the tank, the effluent is not so suitable 
for subsequent treatment on contact beds. (Purely an opinion: made no observations : 23637-8.} 


Haworth (Sheffield): Yes. Sewage which has remained too long in tank is found highly charged with 
sulphuretted hydrogen and other products ox decomposing sludge, and is very difficult to treat on 
beds. 


24432 (p.575) Dr. Reid: No experience of the treatment of over-septicised sewage. But conceives that a nuisance may 


24984 


26055 


26991 


arise from a too long stay in the tanks. 


Mr. Watson (Birmingham): Yes. (Reasons not given.) 


Messrs. Willcox & Raikes: If sewage remains stagnant in tank it becomes stale or 


Mr. 


‘ 


‘ over-septicised ” 
and is more difficult to purify. Analyses of filtrate show that organic ammonia and oxygen absorbed 
are increased. 


F. W. Stoddart : His experience has been that where sewage remains in the tank for too long a period 
secondary (solid) products, differing in nature from ordinary suspended solids of sewage, are formed 
and these products are the main cause of the clogging of filters. The production of these solids is 
also coincident with the disengagement of offensive odours when the resulting liquid is exposed. The 
appearance of a true bacterial scum is the first indication of over-putrefaction. 
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(29.) WHAT IS THE AMOUNT OF DIGESTION IN A SEPTIC TANK. HOW FAR IS THIS oe 
AFFECTED BY THE ATMOSPHERIO TEMPERATURE. SNES 


Interim Report: Vol. II. (Cd. 686). 1902. 


1903-5 Mr. D. Cameron (Exeter): 80 per cent. of solids appear to be liquefied in tank. Septic action is more rapid 
1896 when weather is warm. 
3179 Mr. Scott Moncrieff: Cultivation tank constructed at witness’s house resulted in the practical disappearance 


of sludge, and the experience gained from six other installations provided in 1893 at various places 
in Surrey and Sussex was invariable as regards the liquefaction of organic matter, and the practical 
disappearance of sludge. 


4135 Dr. Rideal: At Exeter the changes produced by the tank included a marked increase in the total solids 
in solution or fine suspension. A large amount of organ‘c carbon disappears in the tank, as was 
proved by the fact that the dissolved carbon‘c acid was greater in the tank effluent than in the 
raw sewage. 


Two series of experiments gave the following results :— 








Purification effected by Tank. 

















ome Reduction of Organic Reduction in 
Matter measured by Albuminoid 
Oxygen consumed. Ammonia. 
First Series : - - : - - - - - 33 per ‘cent. 54 per cent. 
Second Series - : - - - - = : : 25 . 38 js 
enna rath e UG ETO OLS TELA nln 2803 wn 299°~C«;, Zoi ak 











3058-62 Mr. F. W. Stoddart: Quotes case where septic tank, capacity half the daily dry-weather flow, dealing with 
domestic sewage, reduces solids in suspension to 5 parts per 100,000. 


5742-54 Mr. C. J. Whittaker (Accrington): Is of opinion that there is no actual digestion of solids in septic tanks, 
apart from the evolution of gas, which is immaterial. As much sludge is produced as with chemical 
_ 8757-66 precipitation. Gives results of actual measurements to support this view. 


7254-5 Col. Harding: It was estimated that in the No. 1 tank at Leeds with 24 hours’ flow there was digestion 
of 57 per cent. of solids left in tank, equivalent to about 40 per cent. of solids originally in sewage. 
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(29.) WHat is THE AmouNT oF DIGESTION IN A SEPTIC Tank. How FAR IS THIS AFFECTED BY THE 
ATMOSPHERIC TEMPERATURE (continued). 





Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): No figures available. Slight variations in temperature do not 
affect digestion. 


There is not complete digestion of suspended matter. 


Mr. Campbell (Huddersfield): About 38 per cent. of solids removed by septic process (21726-35). 


Mr. Harrison (Leeds): Average digestion at Leeds 30 per cent. No data as to effect of atmospheric tem- 
perature, but, judging from the evolution of gas, thinks it must be considerable. 


Taking the gas as the factor, there would seem to be greater septic action in summer than in winter. 


Mr. Valentine (Oldham): No data as to digestion. The character of the effluent is affected to a small 
extent by changes in atmospheric temperature. Thinks there would be advantage in a slower rate 
of flow in dry cold weather than in warm weather. 


Mr. Fowler (Manchester): Experiments indicate that about half the organic suspended matter disappears 
in the septic tanks in Manchester. (Evidence, however, not as thorough as is desirable. ) Judging 
by the rate of evolution of gas, digestion is more rapid in warm weather. - 


Possibly, though not certain, about 25 per cent. of the total suspended matter is liquefied or con- 
verted into gas. 


(See also 5543-5 and 8363-75, Interim Report, Vol. IT.). 


Mr. Haworth (Sheffield): An experiment at Sheffield indicated a digestion of 32°9 per cent of sludge, 
(Scum was thicker in winter than in summer.) 


ixperiment as regards digestion lasted seventeen months, and samples were taken APIS The 
digestion of 32°9 per cent. is the proportion of the total suspended matter in sewage, not the digestion 
of the sludge in tank. 


Messrs. Watson & O'Shaughnessy (Birmingham): Figures available indicate that digestion does not 
exceed 10 per cent. of suspended matter entering tanks. Digestion much more vigorous in summer 
than in winter. 


There was some digestion in the long conduit and in the Dortmund tanks before sewage rea shed 
septic tanks. 
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How FAR IS THIS AFFECTED BY THE SEPTIC 


(29.) WHat 1s THE AMouNT OF DIGESTION IN a SEpPric TANK. 
TANKS 


ATMOSPHERIC TEMPERATURE (continued). 


26056 Messrs. Willcox & Raikes: At Hanley about half the suspended matter is digested or liquefied. There 
was greater digestion at other places where tanks had been used for several years without requiring 
cleaning out (26170). Septic action is sometimes temporarily increased by rise of temperature. 


26991 Mr. F. W. Stoddart: Experiments at Knowle showed that sludge left in tank diminished from 32 inches 
to 19 inches in depth in three months in one case, and from 44 inches to 13 inches in twelve months 
in another case. Results, however, did not encourage the idea that the whole of the sludge could be 


destroyed by leaving it in the tank, 
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(30.) SHOULD A CERTAIN AMOUNT OF SLUDGE BE REMOVED PERIODIOALLY FROM — 


Mr. 


Col. 


SEPTIO TANKS, OR SHOULD THEY BE WORKED FOR A GONSIDERABLE PERIOD 
WITHOUT OLEANING AND THEN ALL THE SLUDGE REMOVED. 





Interim Report : Vol. IT. (Cd. 686), 1902. 





D. Cameron (Exeter): Seems to think it important that tank should not be emptied entirely of 
sludge. Has suggested a means of taking away small quantities periodically. 


Harding: Much better to remove at intervals some of the deposit through a valve, This can 
generally be done in small tanks, Sludge might be removed from large tanks, say, once a year, 
but care should be taken to leave a certain quantity behind to maintain septic conditions. 





Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Prefer to remove it entirely at fairly long intervals, as the- 


Mr. 


Mr. 


greater part accumulates at surface of tanks. 
At Burnley septic tanks are entirely cleaned every six months. 


If practicable, it would be advantageous to remove a portion of the sludge at frequent intervals. 
and keep tanks at a constant capacity. 


Bolton (Heywood): Finds it best to let the tank run a fair length of time and then remove all the 
sludge. Removal of portions of sludge at short intervals disturbs the tanks, and it is necessary to 
allow time for settling. Agrees, however, that, if practicable, it would be desirable to remove a portion 
of the sludge frequently so as to keep tanks at a constant capacity (21335-9.) 


Campbell (Huddersfield): Sludge should accumulate until there is marked increase in suspended’ 
matter in effluent. The bulk of the sludge, but not the whole of it, should then be removed. Agrees, 
however, that it would be preferable to remove small portion of sludge freauently, and that this. 
would be quite practicable from engineering point of view (21812-25). 


Mr. Harrison (Leeds): A certain amount of sludge ought to be removed at regular intervals, 


Dr. 


Wilkinson (Oldham): ) In favour of drawing off the sludge from time to time while the tank is 


Mr. Valentine (Oldham): working. 


f 
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(30.) SHouLpD A CERTAIN AMOUNT OF SLUDGE BE REMOVED PERIODICALLY FROM SEPTIC TANKS, ORSHOULD 
THEY BE WORKED FOR A CONSIDERABLE PERIOD WITHOUT CLEANING AND THEN ALL THE SLUDGE RE- 
MOVED (continued). 


ee Mr. Fowler (Manchester) : Undoubtedly better to remove a certain amount periodically, say, once a 
month. 

a Describes method adopted at Manchester for removing sludge periodically 

23544 - Mr. Wike (Sheffield): . Tanks may be worked for long periods without sludging, but sludge should not be 


allowed to accumulate until it rises in the tank and is carried out with the effluent. 


; 


24268 Mr. Wilkinson Manchester): There should be periodical removal of portion of sludge. In no case should 
accumulation exceed 20 or 25 per cent. of depth of tank. 


24408 Quite practicable to remove portion of sludge at intervals. 


24432 (p.675) Dr. Reid: Tanks should be worked as long as possible without removing the sludge. 


24986 Messrs. Watson & O'Shaughnessy (Birmingham): There should be periodical removal of portion of sludge. 
This is quite practicable (25309-10). 


oe Essential that tank should not be wholly emptied of sludge. 


26057 Messrs. Willcox & Raikes: Tanks should be emptied and cleaned out when suspended matter in effluent 
exceeds from 5 to 8 parts per 100,000, though their action should never be interfered with or disturbed 
when this can be avoided. 


26991 Mr. F. W. Stoddart: During some experiments at Knowle it was found desirable to remove part of the 
sludge at intervals rather than to let it accumulate in the tank. 


6225—Ap. I. 
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\31.) HOW SHOULD SLUDGE BE TAKd¢N OUT OF A SEPTIC TANK: DOES ANY 
NUISANGE ATTEND THE OPERATION. 





Interim Report: Vol. II. (Cd. 686), 1902. 





Mr. D. Cameron (Heter): Septic tank sludge unless warmed and stirred is practically inodorous, and he 
anticipates no nuisance in removing it. 


Col. Harding: No doubt septic tank sludge will at the time be more offensive than chemical precipitation, 
but the nuisance would probably soon be over, because the putrefaction would be sooner completed. 
Sludge from septic tanks at Leeds not found very offensive. Removal should be by means of a 
valve in the bottom of the tanks—in case of small tanks at any rate. May be necessary in large tanks 
to run off supernatant liquor, and then remove sludge in usual way. Septic tank sludge easier to 
deal with, as it settles and dries more rapidly. 


Fifth Report: Appendix I, 


Messrs. Raymond Ross & Pickles (Burnley): At Burnley supernatant liquid is run off, sewage is then run 
on to the settled sludge and the sludge then pumped to an empty tank where lime is added. No 
difficulty in pressing septic sludge when lime is mixed with it. 


‘There is no nuisance (21008-9) 7 


Mr. Bolton (Heywood): By drawing off as much water as possible, and then passing the sludge through a 
pipe at the bottom of the tank. Very offensive smell during sludging. 


Mr. Campbell (Huddersfield): Should be run out by means of valve at bottom of tank, and then pressed 
and burned or deposited in lagoons. No nuisance. 


Dr. Wilkinson (Oldham): There is great difficulty in pressing the sludge from septic tanks. At Oldham 
it is allowed to solidify in storage tanks and to dry naturally. 


Mr.ctoulor (iM . | Should be forced out of tank automatically by the pressure of the water. Hand 
afr bene ule et : labour should be avoided as far as possible: there is risk of nuisance and 
tet also risk of explosions if naked lights are used. 


7 
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(31.) How sHouLp SLUDGE BE TAKEN OUT OF A Sertic Tank: Dozs any NUISANCE ATTEND THE Oprra- 
TION (continued). 





23545 Mr. Wike (Sheffield) : Septic tank sludge is more obj ectionable than sludge from settling tanks, and the 
work of removal is offensive. 


24432 (p.575) Dr. Reid: A portable pump would be sufficient. No nuisance from septic tank sludge. 


4988 Messrs. Wutson & O Shaughnessy (Birmingham): Should be removed in fluid form, and without running 
off the liquid contents overlying sludge. No nuisance need attend the operation. (But see 24987 
and 25108-25115, where it is suggested that liquid should be run off and sludge left in tank for two 
or three days before removal.) 


26059 Messrs. Willcox & Raikes: Sludge can be removed by gravitation and can be buried or pressed without 
nuisance. 


6225.—Ap. Il. Fs 


SEPTIC 
TANKS, 


68 


ates (32.) DO THE SUSPENDED SOLIDS GOMING AWAY WITH THE SEPTIO TANK LIQUORS 
TEND TO INCREASE AS THE TIME APPROACHES FOR REMOVING SLUDGE FROM 


THE TANK. 


Fifth Report: Apyendix I. 


20754 Messrs. Raymond Ross & Pickles (iuraieny Yes. 
21127 Mr. Bolton (Heywood): Yes. 

21637 Mr. Campbell (Huddersfield): Yes- 

21997 Mr. Harrison (Leeds): Yes, undoubtedly. 


(See also 7250, Interim Report : Col. Harding.) 


22439 Mr. Valentine (Oldham): Yes. 
22631 Dr. Wilkinson (Oldham): Yes, considerably. 
22778 Mr. Fowler (Manchester): Yes. 


23546 Mr. Wike (Sheffield): Yes. 


23012 Mr. Haworth (Sheffield): Yes; solids begin to increase after three or four weeks’ work. 
fj 
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SEPTIC (33.) WHAT AMOUNTS OF SUSPENDED SOLIDS ARE CONTAINED IN THE SEPTIC TANK 
TANKS. LIQUOR AT THE GOMMENGEMENT OF THE PERIOD OF WORKING THE TANK: AND 
AT THE END OF THE PERIOD, AND WHAT IS THE AVERAGE AMOUNT. 





Fifth Report: Appendix I. 





20755 Messrs. Raymond Ross & Pickles (Burnley): With ten tanks (capacity about ten hours’ dry-weather 
flow) the suspended matter varied from 15 parts per 100,000 after a few weeks working to 35 parts. 
per 100,000 at end of six months. 


21128 Mr. Bolton (Heywood): From samples he obtained elsewhere, where tank was dealing with weak sewage, 
he got the following figures :— 





Just after starting, amount of suspended solids - 3 parts per 100,000 
After six months, ; x ” -9 ” 

21638 Mr. Campbell (Huddersfield): Eleven months’ trial gave :— 

At commencement - - - - - -  6°6 parts per 100,000 
At end - - - - - : - - 2323 cals 23 
Average during period - - - - - =) 15°29, ” 

21998 Mr. Harrison (Leeds): From January to June 1903, with a perfectly clean tank, the suspended solids 
averaged 12°2 parts per 100,000: from July to December, 1904, the average from same tank was 24° 1 
parts. 

22779 Mr. Fowlzr (Manchester): Typical figures are: 

Organic and Volatile. | Mineral. Total. 

Average for Ist month - - : 2°0 1:0 3°0 - 
Average for next two months - - 3°1 2°3 5°4 
” % 2 9 = = 4°] mafia | 4 f 99) 


23613 Mr. Haworth (Sheffield) : 


8 to 11 parts per 100,000 in early stages. 
17 to 18 3 2 after several months’ work. 
(very variable in later stages. 
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(33.) WHar AMouNTS OF SUSPENDED SOLIDS ARE CONTAINED IN THE SzEPric Tank Liquor AT THE 
CoMMENCEMENT OF THE PERIOD OF WORKING THE TANK AND AT THE END OF THE PHERIOD, AND 
WHAT IS THE AVERAGE AMOUNT (continued). 


4900 Messrs. Watson & O'Shaughnessy (Birmingham): Average amount for 1903 was 19°5 parts per 100,000 
At the end of the year, just after the tanks were cleaned out, the solids in the effluent fell to 4 parts 
per 100,000. 

661 Messrs. Willcox & Raikes: At Hanley, septic tanks become efficient after about three weeks’ working 


when effiuent contains about 5 parts per 100,000suspended matter. This is not appreciably increased 
after twelve months’ working. 


eet Mr. F. W. Stoddart: At Knowle, suspended solids in tank effluent varied from 8 to 20 parts per 100,000 
and averaged 14 parts per 100,000. 
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(34.) SHOULD ANY PORTION, OR THE WHOLE, OF THE SEWAGE WHICH ARRIVES AT 
THE OUTFALL IN STORM TIMES BE PASSED THROUGH THE SEPTIC TANKS. 





Interim Report: Vol. II, (Cd. 686), 1902. 





Mr. D. Cameron (Exeter): Thinks that action in septic tank is not so rapid when the sewage is diluted: 
found that the gas burns less freely in wet weather than in dry. 


Has not found the tank exceptionally injuriously affected by increase of flow up to 3} times the 
dry-weather flow. 


Dr. Rideal: The storm water might wash away the colonies of bacteria in the tank. 
(See also 4497.) 


Mr. Baldwin Latham: A sudden flow of storm water through the tank would wash it out. 





Fifth Report: Appendix I. 


’ 


Messrs. Raymond Ross & Pickles (Burnley): Up to three dilutions should pass through the tanks, and 
after this only until all the polluted storm water has come down. 


Mr. Bolton (Heywood): Not advisable to pass storm water through at a greater rate than twice the average 
dry-weather rate. 


M 


J 


'. Campbell (Huddersfield) : Not advisable to pass any portion of the storm water through septic tanks. 
Ascertained by analyses that tanks do not work so satisfactorily when storm water is admitted (21736). 


Mr. Harrison (Leeds): No answer to this specific question. (But see reply to general question as to treat- 
ment of storm waters: Question No. 4, page 16.) 


Mr. Valentine (Oldham): Is in‘favour of sending the first portion of storm sewage through the tanks, 
and subsequently limiting the flow through them to not more than twice or thrice the normal flow. 
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23547 
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(34.) SHOULD aNy PoRTION OR THE WHOLE OF THE SEWAGE WHICH ARRIVES AT THE OUTFALL IN STORM 
TIMES BE PASSED THROUGH THE SEPTIC TANKS (continued). 





Dr, Wilkinson (Oldham): The first portion must be treated. If notin too great quantity and too long 
continued, it appears to cause no great harm to the septic tanks. 


Mr. Fowler (Manchester): A portion only, not more than a 2 to 1 dilution. 


Mr. Wike (Sheffield): Septic tank not suitable for storm water sewage. 


Mr. Wilkinson (Manchester): Not more than double tke dry-weather flow should be allowed to pass 
‘=, through. 


Messrs. Watson & O'Shaughnessy (Birmingham): Generally speaking, no. Have had tanks spoiled by 
the running of storm water through them (25116-7). 


Messrs. Willcox & Raikes: Any material increase of rate of flow during storms is detrimental to septic 
action. 
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(35.) IF STORM SEWAGE IS PASSED THROUGH A SEPTIC TANK, DOES THIS CAUSE AN 
INCREASE IN THE AMOUNT OF SUSPENDED SOLIDS ISSUING FROM THE TANK. 





Interim Report: Vol II. (Cd. €86), 1902. 





Col. Harding: Unless tank is of sufficient size to cope with increased flow (say 48 hours’ capacity, if 
six d lutions are admitted), there will be increase of suspended sol'd; in effluent. 


Fifth Report: Appendix I. 





Messrs. Raymond Ross & Pickles (Burnley): Storm of four hours’ duration (1 a.m. to 5 a.m.). Sus- 
pended solids :— 


Ist hour - - - - - - - = - - 4:0 parts per 100,000 
2nd Te Se = e ° = =: - ie - - 8:0 29 ” 
3rd 29 ae = a = > $ - 7 - 8-0 ” 29 
4th 99. = > 5 ¥ = z . 3 a - 9°6 99 2? 


(See also 20968-71.) 


Mr. Bolton (Heywood): Yes, a considerable increase when it is passed through at the rate of three times 
dry-weather flow. The suspended solids have increased up to thirty-eight parts per 100,000 in storm 
times. 


Mr. Campbell (Huddersfield): Believes solids will remain in the tank under a certain rate of flow. (Rate 
not stated.) 


Mr. Valentine (Oldham): This depends greatly on the amount of suspended matter in the sewage and 
the amount of sludge in the tanks. Where there is not much sludge in the tank, the rate of flow can 
be increased up to twice or thrice the normal rate without causing any appreciable difference in the 
amount of suspended solids in the tank liquor. 


Mr. Fowler (Manchester): The amount of suspended solids is increased largely in the early stage of the 
flow: afterwards the effluent contains less than usual. No exact figures. 


Mr. Wike (Sheffield) : Yes, if rate of flow is increased. 


1063 
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(35.) Ir Srorm SmwaGE Is PASSED THROUGH A SEPTIC TANK, DOES THIS CAUSE AN INCREASE IN THE 
AMmoUNT oF SUSPENDED SOLIDS ISSUING FROM THE TANK (continued.) 


Mr. Wilkinson (Manchester): Would suppose so; but has no exact data. 


Messrs. Watson & O'Shaughnessy (Birmingham): Yes: very considerable increase. 


Messrs. Willcox & Raikes: Yes. 
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(36.) CAN THE ORDINARY LEVEL OF THE LIQUID IN A SEPTIC TANK BE ALTERED (BY 
THE ADMISSION OF STORM SEWAGE OR OTHERWISE) WITHOUT SERIOUS DETRI- 
MENT TO THE FUNCTIONS OF THE TANK. 





Fifth Report: Appendix I. 


Mr. Campbell (Huddersfield): It would impair septic action for a time. Ascertained this by analyses of 
septic tank liquor in times of storm (21736). 


Mr. Harrison (Leeds): Yes: the closed tank at Leeds is operated upon the principle of a fluctuating 
water level. : 


Mr. Fowler (Manchester): Thinks so, within limits; knows of cases where this is done with the object of 
obtaining a head and a measured quantum of liquid for discharging on to a filter. 


Messrs. Watson & O’Shaughnessy (Birmingham): Only to a limited extent. 


Messrs. Willcox & Raikes: No experience, but if rate of flow is maintained uniform no harm is likely’ to 
result. 


7262 


20760 


21132 


21643 


2244% 
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(37.) IS SEPTIC TANK LIQUOR MORE EASILY TREATED ON FILTERS THAN SETTLED 


SEWAGE OR THAN PREGCIPITATED SHWAGE, ASSUMING THAT IN EACH CASE THE 
TANK LIQUOR CONTAINS THE SAME AMOUNT OF SUSPENDED SOLIDS. 


Interim Repori: Vol II. (Cd. 683), 1902. 


Col. Harding: Filtration is only assisted b7 septic tank trea‘men! by reason of the disintegration of 


the gross suspended solids. 


Fifth Report: Appendix I 


Messrs. Raymond Ross & Pickles (Burnley): Obtained better results with septic tank liquor than with 


Mr. 


Mr. 


Mr. 


chemically precipitated sewage. 


Bolton (Heywood): Septic tank liquor is not more easily treated than precipitated sewage at Hey- 
wood. Filters treating precipitated sewage give an average of 64 per cent. purification, while filters 
treating septic tank liquor gave only 53 per cent. The suspended solids in the septic tank liquor 
appeared to be more abundant. 


. Campbell (Huddersfield): Septic tanks would prepare the sewage better for the beds than either-- 
precipitation or settlement, if the sewage is not acid or strongly antiseptic. Speaks from actual ex-. 


perience and observation (21737). 


Harrison (Leeds): Has not found that septic tank liquor is more easily treated on filters. Has. 


made comparative observat ons. 


Is of opinion that all three liquors, if amount of suspended solids is approximately the same, give - 


identical results with the same method of filtration. 


Valentine (Oldham): A septic treated sewage is the one that can be most efficiently treated on filters ; 
the advantages from septic tank treatment are— 


(a) A more equable tank effluent. 


(6) The effluent is in a better condition for subsequent filtration, i.e., the organic impurities are 
in a simpler condition than in settled sewage. (The above view founded chiefly on 
observations at Manchester: 22518.) 


(c) There is a certain amount of digestion of solids. (Ascertained by actual experiment: 22520-2.} 
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22636 Dr. 
22757 Mr. 
23550 Mr. 
93640 Mr. 


24482 (p. 575) Dr. 
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FILTERS THAN SETTLED SEWAGE OR THAN PRE- 


Is Septic TANK LIQUOR MORE EASILY TREATED ON 
E AMOUNT 


CIPITATED SEWAGE, ASSUMING THAT IN EACH CASE THE TANK LIQUOR CONTAINS THE SAM 
oF SUSPENDED SoLips (continued). 





Wilkinson (Oldham): A better effluent is obtained with a septic tank liquor, and the filtrate seldom 
undergoes putrefaction when incubated. A filtrate from a septic tank liquor of the same standard 
as that from a sedimentation tank liquor is much less likely to again undergo putrefaction. (Results 
of numerous analyses by Mr. Valentine and his predecessor : 22700-1.) 


Fowler (Manchester): Is inclined to think so from the results at Manchester. No exact comparative 
experiments were made (see No. 17, page 36.) 


From earlier observations of the filtration of septic tank I’quor, settled sewaze, and crude sewage, 
he was strongly of op!n‘on that the septic tank treatment rendered the sewage eas:er to deal with 
by filtration, 8408-13. (Interim Report.) 


Wike (Sheffield): Septic tank liquor is more suitable for treatment on contact beds than chemically 
precipitated sewage, but not more suitable than settled sewage. 


Haworth (Sheffield): Agrees with Mr. Wike. Limed sewage at Sheffield appears to sterilise contact 
beds ; it contains from five to seven grains per gallon of free lime. 


Reid: In practice, chemically precipitated sewage is more readily dealt with by filtration than either 
settled sewage or septic tank liquor because of its comparative freedom from suspended solids. 


fs, 


(38.) ARE THE IMPURITIES IN SOLUTION IN SEWAGE MATERIALLY DIFFERENT FROM SEPTIC 
THE IMPURITIES IN SOLUTION IN SEPTIC TANK LIQUOR. TANKS, 





Fifth Report: Appendix I. 


21644 Mr. Campbell (Huddersfield): Yes: complex bodies in sewage are reduced, there being a very much 
smaller albuminoid ammonia and a smaller oxygen absorbed than in settled sewage, while free 
ammonia is higher, 


22443 Mr. Valentine (Oldham): Has found that a septic tank effluent contains three to four parts in 100,000 
excess in solution over a settled sewage effluent. 


22775 (p. 370) Mr, Fowler (Manchester): Researches at Manchester suggest a breaking down of albuminoid and cellu- 
lose matter in the septic tank into simpler and to some extent volatile compounds. The re-actions 
are probably hydrolytic in character, ammonia, amines, carbonic acid, water, and possibly alcohol 
being produced. A’ further quantity of organic matter also disappears as methane, nitrogen and’ 
hydrogen. 


24432 (p.575) Dr. Reid: Thinks that there is material reduction in oxidisable organic matter in solution. 


24966 Messrs. Watson & O’ Shaughnessy (Birmingham): Speaking broadly, no; but the proportions between 
the relative quantities of the different constituents are considerably modified by the septic process. 


26991 Mr. F. W. Stoddart: Has found that if putrefaction is carried too far in a septic tank, secondary deposits 
are caused which are not present in the original sewage at all, prominent amongst them being a gela- 
tinous ferrous sulphide. 
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(39.) WHAT IS THE RELATIVE VALUE OF PLAIN SEPTIO TANKS AND SEPTIC TANKS 
FILLED WITH ROUGH STONES OR FLINTS. 





Interim Report: Vol. II. (Cd. 686), 1902. 





Dr. Sims Woodhead: Suggests that stones form a larger surface on which the organisms grow, and that 
there would not'be so many of these organisms washed away in the event of a storm or flood.as there 
would be in the case of ordinary septic tanks. 


Mr. Scott Moncrieff: ‘Thinks that the provision of stones makes it possible to reduce considerably the — 
capacity of the tank in relation to the dry-weather flow. 


Dr. Rideal: The system by which successive zones or habitats are established so that sewage passing 
through is exposed to a natural cycle of change is carried further in the Scott Moncrieff tank than 
in the ordinary septic tank. The stones become coated with aon pitas layers of different organisms 
at successive points. 


Fifth Report: Appendix I. 





24432(p.575) Dr. Reid: Has not sufficient data to express positive opinion ; but is strongly inclined to the ope 


- 24997 


26068 


from his experience that tanks filled with stones or flints possess no advantage. 


Messrs. Watson & O'Shaughnessy (Birmingham): No appreciable difference in effluent. 


Messrs. Willcox & Ratkes: Effective capacity of tank equals amount of water it can hold, and this is 


reduced in proportion to bulk of any other materials placed in it. 
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(40.) IS THERE ANY NUISANCE FROM THE TREATMENT OF SEWAGE IN SEPTIO TANKS. 





Interim Report: . Vol. II. (Cd. 686), 1902. 





Mr. D. Cameron (Exeter): If sewage is not kept in tank too long, there is very little smell ; not enough 
to be a nuisance. Aerator of septic tank was open for a year within a few yards of public thorough- 
fare and within 70 yards of large house. 


Dr. Sims Woodhead: ‘There is necessarily a certain amount of smell owing to the changes which are going 
on. Does not think that, either at Exeter or Claybury, the smell was likely to amount to a nuisance. 


Mr. C. J. Whittaker (Accrington): Has no fear of any smell from septic tank, even if very large. Smell 
from pressed sludge much worse. 


Mr. G. Chatterton: Had experience of undoubted nuisance from open septic tank caused by the scum. 
(Sewage purely domestic.) Scum had to be removed owing to complaints of neighbours. 


Does not think there would be nuisance with closed tank. (See also 6527-6546.) 


Mr. R. A. Tatton: No nuisance from closed septic tanks dealing with domestic sewage, except at the 
outflow. 


. Mr. W. H. Prescott: At Reigate, where the sewage is exceptionally strong, containing large quantities of 
tannery and brewery refuse, a closed septic tank gave a good effluent, but evolved an objectionable 
smell. Owing to this smell, septic treatment was regarded as inadmissible for the first treatment of 
Reigate sewage. 


Mr. G. R. Strachan: Has found that all effluents from septic tanks in which putrescence has occurred 
have smelt. 


Mr. E. G. Mawbey: Experiment at Leicester, lasting four and a half months, showed that septic tank 
|. effluent could not be treated on land without causing a nuisance. (Probably due to anzrobic condi- 
tions being carried too far: 8222.) 
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(40.) Is Toure any Nursancn FROM THE TREATMENT OF SEWAGE IN Septic Tanks (continued.) 





Dr. P. F. Frankland: There is necessarily a smell, but it-is very trifling. (Refers to experience of the 


large tank at Manchester.) 





Fourth Report: Vol. II. (Cd. 1884), 1904. 


Dr. Clowes: His experience of small installations shows that if sewage remains in tank much longer than 
twenty-four hours a nuisance results. 





Fifth Report: Appendia I, 





Messrs. Raymond Ross & Pickles (Burnley): No. 


- Mr. Bolton (Heywood): A very offensive smell is given off. More particularly from the liquid passing 


out of the tank (21213). 


Mr. Campbell (Huddersfield): No. 


Mr. Harrison (Leeds): Very little, if an nuisance ari r e is i 
: ; ; f th . ; 818 p 
| nat y. ; y arises from open tanks at.Leeds ; this i robably 


Mr. Valentine (Oldham): No. 


Dr. Wilkinson (Oldkam): No. 
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(40.) Is THERE ANY NUISANCE FROM THE TREATMENT OF SEWAGE IN SEPTIC Tanks (continued). eet 





Mr. Fowler (Manchester): Very little smell from tanks themselves ; but trouble arises from the evolu- 
_ a. tion of gas during sludging operations. 


Unpleasant odour, too, if atmospheric conditions prevent the gases getting away. 


Tron salts present in Manchester sewage prevent evolution of sulphuretted hydrogen. 


Mr. Wike (Sheffidd): The working of the experimental tank at Sheffield caused a nuisance. 


24432 (p. 575) Dr. Reid: Too prolonged septic action intensifies any nuisance which may exist, and the distribution 


24998 


26069 


26991 
27025 


of septic liquor in filters is likely to cause nuisance. 


Messrs. Watson & O'Shaughnessy (Birmingham): No. 


Messrs. Willcox & Raikes: No. 


Mr. F. W. Stoddart: Where the sewage remains for too prolonged a period in the tank (twenty-four hours 
or more) secondary products are formed which give a very offensive odour to the ordinary septic tank 
effluent. 
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(41) IS IT DESIRABLE THAT THE SUSPENDED SOLIDS IN SEWAGE SHOULD RE 
REMOVED AS FAR AS PRACTICABLE BEFORE SEWAGE IS FILTERED. WHAT IS 


A PRAGTIGABLE STANDARD. 


» 





Interim Report: Vol. II. (Cd. 686), 1902. 





Mr. Santo Crimp: Yes. 


Mr. W. J. Dibdin: Preliminary treatment desirable, and essential in many cases. 


Dr. Sims Woodhead: Thinks that no precipitation is necessary in case of ordinary sewage. 


Mr. Scott Moncrieff: Grease presents difficulties of a special character and must be arrested. 


Sir H. Roscoe: Has no evidence that artificial filtration can be carried out successfully without previous 
subsidence or chemical treatment. 


Mr. F. W. Stoddart: It is not profitable to throw any material amount of solid matter on any kind of filter. 


Colonel Harding: Given satisfactory removal of grosser suspended solids and fibre, thinks it quite prac- 
ticable to deal with Leeds sewage on trickling filters without antecedent septic treatment. 


Mr. G. R. Strachan: Yes, preliminary treatment is useful and advisable ; but does not say that it is 
essential. 





Fifth Report : Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley) : . Yes, as far as possible. At Burnley, they get down to 5-6 
parts per 100,000 ; the installation includes large detritus tanks which are frequently emptied, not 


being allowed to become septic ; and the sewage is taken from the septic tanks in a very thin film 
(See 20890-902). 
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(41.) Is 1r DustRaBLE THAT THE SUSPENDED SOLIDS IN SEWAGE SHOULD BE REMOVED AS FAR AS PRAO- 
TICABLE BEFORE SEWAGE Is FILTERED. WHAT IS A PRACTICABLE STANDARD (continued). 


Mr. Bolton (Heywood): Essential that solids should be removed as far as possible. Practicable limits « . 


4 parts per 100,000 for chemically treated sewage, 8 parts per 100,000 for septic tank liquor. 


Mr. Kershaw (Rotherham): Yes, as much as possible. 


Mr. Campbell (Huddersfield): Yes, most desirable, 6 to 8 parts per 100,000 is a practicable limit. (Re- 
affirmed in 21739-42.) Tanks are cleaned out four times a year. 


Mr. Harrison (Leeds): Yes, the difficulty of treating any liquid effectively is proportionate to the amount 
of suspended solids it contains. 


With septic tanks, even with seventy-two hours’ flow. it is impossible at Leeds to reduce suspended 
solids below an average of 14 parts per 100,000; by chemical precipitation reduction to 4°5 to 6 
parts can apparently be obtained. ; 


Mr. Valentine (Oldham): Yes, to a limit of about 10 or 11 parts per 100,000. 


Dr. Wilkinson (Oldham): Yes. 


Mr. Fowler (Manchester): Unless the filter is specially constructed to deal with suspended solids, it is 
probably economical to keep the greater proportion off the beds. The economical limit is about 11 
parts per 100,000. 


In some cases, it may be desirable that the whole or the greater part of the suspended solids ‘should 
be dealt with by filtration. 


Mr. Carter Bell (Salford): Yes, 1'5 parts per 100,000 is a practicable limit (7.e., by chemical precipitation). 
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TANKS IN (41.) Is 1r DESIRABLE THAT THE SUSPENDED 
WHat Is A PRACTICABLE STANDARD (continued). 


GENERAL TICABLE. BEFORE SEWAGE IS FILTERED, 





23553 Mr. Wike (Sheffield): Yes. 


23614 Mr. Haworth (Sheffield): Yes, to 8 to 10 parts per 100,000 by suitable tank treatment, 


24978 Mr. Wilkinson (Manchester): Yes, to not more than 6 parts per 100,000, if possible. 


24432(p.675) Dr. Reid: Yes. A practicable limit for a septic tank liquor is from 5 to 8 parts per 100,000, and for a 
chemically precipitated effluent, 2 to 3 parts. ace 


24688 Dr. Leis: Yes. 

24999 Messrs. Watson & O'Shaughnessy (Birmingham): Yes, practicable limit is about 8 parts per 100,000. - 
25830 Mr. F. Scudder: By simple’subsidence, suspended matters can be reduced to 3 or 4 grains per gallon. 
26070 Messrs. Willcoez & Raikes: Yes, suspended matters in liquid passed on to filters should not exceed about 


5 parts per 100,000 
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(42.) HOW CAN THE REMOVAL OF SUSPENDED SOLIDS BEST BE EFFECLED. 





Interim Report: Vol. II. (Cd. 683), 1992. 





Mr. Santo Crimp: In favour of natural deposition. Has used largely, with excellent results, a tank con- 


taining a bed of gravel through whica the sewage flows upwards. This removes m'noral matter 
and floating organic matters. 


Ke > 


Mr. G. R. Strachan: Would prefer large tanks holding a day or a day and a half flow of sewage. (Guide 1 
by bacteriologists and his own observations as an enzineer.) 





Fifth Report: App2ndix I. 





Messrs. Raymond Ross & Pickles (Burnley): In three stages—firstly, by screening ; secondly, large detritus 
tanks ; thirdly, septic tanks of at ledst twenty-four hours’ dry-weather flow capacity. 


Mr. Bolton (Heywood): <A well constructed tank with suitable inlets and outlets. 


Mr. Kershaw (Rotherham): Tank accommodation should be ample: the flow through them should be 
steady : the sludge should be removed af frequent intervals. 


Mr. Campbell (Huddersfield): Chemically precipitated effluents are most free from suspended solids. If, 
however, a portion of the sludge near the outlet could frequently be removed, equally good results 
might be obtained with a septic tank. 


Mr. Harrison (Leeds): To remove the solids as far as possible, precipitation with an efficient settlement 
area isrequired. In some cases, sedimentation without chemicals would suffice. 


Mr. Valentine (Oldham): By a system of septic tanks in series. Has no practical experience of tanks in 
series, however, 
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TANKSIN * (42.) How can THE REMOVAL or SUSPENDED SOLIDS BEST BE E&FECTED (continued). 


GENERAL * 


22787 Mr. 


23224 Mr. 


23554 Mr 


24279 Mr. 


24432 (p.575) Dr. 





Fowler (Manchester): Thorough chemical precipitation is most effective, butis costly. Small doses of 
chemicals do not effect much more than simpie sedimentation or septic tank treatment. Important 
in each case, that the tank be designed carefully to effect the greatest settlement in a small space, 
and that the sludge be not allowed to accumulate beyond a certain critical depth. 


Carter Bell (Salford): By raising sewage through roughing filters of 3 feet in depth of gravel. (These 
feet ae i ae oe to be cleared every two or three months, 23324-6). Filters remove about 
50 per cent. of suspended matter from tank effluent, 23447-9. 


. Wike (Sheffield): By catch-pits and settling tanks. 


Wilkinson (Manchester): By passing liquor through a streaming filter after tank treatment. 


Reid: Undoubtedly best way is by chemical precipitation. But there is the difficulty of sludge 
disposal and the question of cost. No need to use chemicals under ordinary circumstances. Septic 
tank sufficient. 


With proper detritus tank preceding it, septic tank will reduce suspended solids to 5 to 8 parts per 
100,000. 


25000 Messrs. Watson & O'Shaughnessy (Birmingham): By simple sedimentation. 


25831 Mr. 


26071 


Messrs. Willcox & Raikes: By small detritus tanks followed by liquefying tanks. 


FP. Scudder: Either by chemical precipitation or subsidence. 


21138 


21459 


21640 


22788 


> 6001 


26072 
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(43.) WHAT METHODS ARE THERE FOR FREEING TANK LIQUOR OF SUSPENDED MATTER 


Mr. 


Mr. 


BEFORE IT IS DELIVERED TO FILTERS. 


Fifth Report: Appendix I. 





. Bolton (Heywood): Solids could be reduced very considerably by a mechanical filter or centrifugal 


action in tanks. ‘The first method is costly and there is loss of head in the second. 


. Kershaw (Rotherham): With ample tank accommodation, no further treatment of effluent before 


it is passed into filters is necessary. 


. Campbell (Huddersfield): None necessary. 


Fowler { Manchester): Mechanical strainers and like devices are not very successful. Has found 
that the greater part of the visible suspended matter can be removed by covering a portion of the 
surface of the filter (contact bed) with a thin layer of tine material, either small clinker or gravelly 
sand. 


Carter Bell (Salford): Has for many years used roughing filters of graded gravel and coarse sand 
These can remove about 75 per cent. 


Messrs. Watson & O'Shaughnessy (Birmingham): Dortmund tanks very efficient. Not necessary or 


desirable to adopt any other method. 


Messrs. Willcox & Raikes: Tank liquor sometimes strained through fine sand in mechanical filters, but 


a properly designed tank usually gives a good enough effluent without such straining. 
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(44.) WHAT ARE THE COMPARATIVE ,OOST AND RELATIVE ADVANTAGES OF THE 


VARIOUS METHODS OF SETTLEMENT. 





Interim Report : Vol. II. (Cd. 686), 90». 





Mr. D. Cameron (Haxeter) : Septic tank will do the work equal to the best form of chemical precipitation. 
It has the economical advantage that, there is not the sludge to be dealt with: and further, the septic 
tank effluent will not again set up putrefactive changes, whereas there is risk of the | chemically treated 


et es: eo dee 


Mr. G. Chatterton : Septic tank treatment, he believes, is both cheaper and more efficacious than chemical 
precipitation (no figures). 


Col. Harding : Advantages of septic tanks :— 


(a) Equalises sewage and gives fairly constant conditions for filtration. 

(b) Digests some of the suspended solids. 

(c) Suspended solids in effluent in a finely divided condition and less likely to choke filters. 
(d) There is no loss of head, 


(e) Saves cost of chemicals, and sludge production is reduced by nearly half (compared with chemical 
precipitation). 


(d) Drying of septic tank sludge on land or in lagoons involves less risk of nuisance than is the case 
with sludge from chemical precipitation tanks. 


Advantage of chemical precipitation is the more thorough withdrawal of suspended solids; the less 


suspended solids the easier the filtration. 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): 





Comparative Cost at Burnley. 





Chemical Precipitation. | Septic Tanks. | | 








Initial outlay = - - : : : - “ (About the sa|me for both.) 
£Eex tds £0 ae 
Annual expenses, less receipts from manure - 1,613-10 4 980 19 9 


Cost of treatment per 1,000,000 gallons of dry- 
weather flow - - - - - - : 2. eT 1- 6°38 








Twice the amount of sludge was produced by chemical precipitation. 


_ Chemical precipitated effluent did not give such satisfactory resuits on filtration as septic tank 


liquer. 
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TANES IN 
(44.) Wat arr THE CoMPARATIVE Cost AND RELATIVE ADVANTAGES OF THE VARIOUS METHODS OF GENERAL 


SETTLEMENT (continued). 





21140 Mr. Bolton (Heywood): Had experience only of quiescent and continuous flow, with chemicals, and septic 
tank treatment. Unable to make comparison on'basis of same figure for suspended solids. 


(a) Settlement, with chemicals. 
Advantage of quiescent flow: Slightly better result on the average than by continuous flow 


Disadvantages: More attention and consequently extra labour required than by continuous 
flow. Effluent not uniform as in the case of continuous flow. 


Cost of subsequent filtering about equal. 
(6) Septic tank. 


2 


Advantages: Considerable saving in chemicals. (At Heywood £353 per annum.) 
Saving of nearly half the cost of sludge pressing. 


Disadvantages: Purification only 36 percent. against 62 per cent. by chemical precipitation. 
Double contact required against single contact for precipitated liquor. Risk of nuisance 
yreater. 


Comparative annual cost at Heywood:—Continuous flow settlement, with chemicals, 
£2,801 ; quiescent settlement, with chemicals, £2,835; septic tanks, £2,255. 


(Gost is calculated on the basis of equal efficiency for all three methods: 21277-81.) 


21650 Mr. Campbell (Huddersfield) : 


(a) Continuous tlow settlement is preferable to quiescent settlement, as it requires little or no 
attention. On the quiescent plan, the tanks must be run off and filled trom time to time. 


(b) Chemical precipitation is much the quicker, and it is, therefore, a question of initial cost, 
annual charges, and space. ; 


(c) Septic tanks are, on the whole, the best arrangement. The initial outlay is larger, but the 
annual cost will be very considerably less, having regard to sludge production, subsequent 
purification, and attention required. 


22641 Dr. Wilkinson (Oldham): He is advising a combination of sedimentation and septic tanks for Oldham 
the proposal being to run the sewage into a sedimentation tank (continuous fiow two to four hours) 
for settling the heavier solid sludge, and then to pass the partially settled sewage into open septic 
tanks. In this way, it is anticipated, a weak tank effluent will be obtained, and the septic tanks 
will be maintained at their greatest capacity. 


22790 Mr. Fowler (Manchester): Exceedingly difficult to say precisely, as circumstances and conditions vary 
so greatly in different places. The following tabular statement gives in outline certain main 
considerations affecting the choice of one or other method. 


6225. Ap. II. ae 
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(44.) Wat arr THE CoMPARATIVE Cost AND RELATIVE ADVANTAGES OF THE Various METHODS oF 
SETTLEMENT (continued). 





Mr. Carter Bell (Salford): Has tried many experiments, and though various systems sometimes produce 
identical results, the balance is slightly in favour of continuous flow rather than quiescent settlement. 
[In a given size of tanks, chemical precipitation is much more efficient than simple settlement, either 
for producing good tank effluent or as a preparation for filter beds. Sludge difficulty has, however, 
to be borne in mind 


Mr. Wike (Sheffield): Quiescent settlement and continuous flow settlement without chemicals are both 
cheaper than the septic tank system in arriving at a given result. In neither case would there be 
difficulty in subsequent purification, nor would there be much difference in annual cost. 

Nuisance more likely to arise with septic tanks. 


Advantages of settlement over septic tank treatment :— 
(1) Tank liquor contains smaller percentage of suspended solids. 
(2) Larger volume can be treated with same tank capacity. 
(3) Less difficulty in dealing with sludge. 
(4) Sludge is much less offensive. 
(5) Liquid portion of sewage is frequently made more impure by contact with sludge in septic 
tank. ; 


Has obtained slightly better results with settled sewage than with septic liquor. Parallel experi- 
ments carried out. 


Mr. Wilkinson (Manchester) : 


(a) Quiescent settlement without chemicals generally more advantageous than continuous method. 
An important advantage in quiescent method is that the discharge may easily be arranged 
to be automatic. The quiescent system with automatic arrangements for filling and dis- 
charging affords the best and most accurate method of separating a defined quantity for 
ro in tanks and filters. The great disadvantage of quiescent system is loss of fall 
involved. 


(6) Quiescent settlement with chemicals admits of reduction by one-half of period of settlement. 
Sludge deposited will be greater in volume and containing a larger proportion of water. 


(c) Continuous flow settlement without chemicals most suitable for storm waters and for weak 
sewage. 


(d) Continuous flow with chemicals most widely adopted where chemical precipitation is adopted. 


(e) Septic tank treatment: advantages are the liquefying and breaking down of portion of organic 
matters and the reducing of the liquid to a more uniform condition for subsequent filtration. 


‘ Comparative Cost. 


(Assuming dry-weather flow=1,000,000 gallons, and maximum rate=1,500,000 gallons in 24 hours.) 











Capital Gost. | Annual Cost. 

£ £ 

(1) Quiescent settlement without chemicals - - 1,750 550 
(2) ‘ » , with Sad; Seeae 1,400 | 800 
(3) Continuous flow settlement without chemicals - | 1,400 550 
(4) ps a with p - 700 900 
(5) Septic tanks (covered)* - - . - - | 5,500 200 
rr A (uncovered) - - - - - | 4,000 300 














*7.e., covered with a steel girder roof, not a heavy concrete roof, the cost of which would be pro- 
hibitive in the case of large tanks (24326-31). 


Open septic tank the cheapest pro rata with efficiency. 


Figures given as to comparative cost relate only to settlement, and do not take into account the 
subsequent dealing with the sewage. 
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v E' F 
(44.) WHAT ARE THE COMPARATIVE Cost AND RELATIVE ADVANTAGES OF THE VARIOUS METHODS 0 


SETTLEMENT (continued.) 





Gontinuous flow settlement with chemicals, apart from the question of sludge disposal and 


cost, has advantages over septic tank and primary exrobic filtration. 


Primary erobic filtration has the advantage of freedom from nuisance attending the further treat- 


ment of the sewage. 


Messrs. Watson & O’ Shaughnessy (Birmingham) : 


(a) Annual Cost at Birmingham. 


Chemical Precipitation. 


Septic Tank Treatment. 


£ £ 
7,786 3,280 
676 (loan charges) 
3,956 


(6) Analytical Results in Parts per 100,000. 














mn . 
Chemica! Precipitation. Septic Tank Treatment. 
Dissolved | Suspended | Dissolved | Suspended 
Solids. Solids. Solids. Solids. 
Orude sewage - - - - 129°1 67°6 120°2 | 60°0 
Tank effluent - - - - 138°0 16°3 112°3 21°90 

















(Nuisance frequently occurred). 


(No nuisance). 








The chemical precipitation method was abandoned in 1901; the figures given are in respect of 
the last twelve months’ workins ‘The figures as to septic tank treatment are for the year ended 
April 30th, 1905. 


Mr. F. Scudder ; Prefers sedimentation or chemical precipitation to septic tank as antecedent treatment to 
percolating filtration. With sedimentation, the suspended solids can be reduced to 3 or 4 grains per 
gallon, whereas in septic tank effluents there is invariably a minimum of 8 grains per gallon, which 
would result in the clogging of the filter eventually. sae 


M essrs. Willcox and Raikes: Septic tank treatment is more economical and efficient than settlement 
with or without chemicals. Settlements without chemicals is inefficient, while settlement with chemicals 
18 More expensive owing to cost of chemicals and increased bulk of sludge. 
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(45.) SHOULD THE WHOLE OR ANY PART OF THE INTERIOR OF CONTACT BEDS BE eat 


GONSTRUCTED OF BUILDING MATERIALAZORSMAY THIS BE DISPENSEDE;WITH 
ENTIRELY IN SOME OASES. 


Interim Report: Vol. II. (Cd. 686), 1902. 


Pagel27 Mr. Dibdin: Bed at Sutton was simply a pit dug in the clay, and filled up with the excavated clay after 


burning. s 





Fifth Report: Appendia I. 


Messrs. Raymond Ross & Pickles (Burnley): Where soil is heavy, all building material may be dispensed 
with except for the construction of the outlet chamber. 


Have not found that soil works up into filters.’ 


_ 


Mr. Bolton (Heywood) : Where site is unlimited and the foundation is good (e.g., clay), building materials may 
be dispensed with. All beds should, however, have an impervious bottom to prevent soil being worked 
up into them. 


Has had experience of soil working up into material. 


Mr. Kershaw (Rotherham): With soil of a clay or stiff nature, building material not required except in the 
construction of valve chamber. 


Mr. Campbell (Huddersfield): Building materials advisabk. 


M1. Valentine (Oldham): Where adjaeent beds are on or about the same level, building materials may be 
dispensed with. 


Dr. Wiikinson (Oldham): Building materials may be dispensed with where the soil.allows it and no source 
of water supply is endangered. 
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HE INTERIOR OF ConTAacT BEDS BE CONSTRUCTED OF 


(45.) SHovuLD THE WHOLE OR ANY PaRT OF T 
NSED WITH ENTIRELY IN SOME CASES (continued.) 


Burtpine MATERIAL, OR MAY THIS BE DISPE 





Mr. Fowler (Manchester): Where there is a good clay or other suitable subsoil, concrete can be dispensed 
with. 


Mr. Wike (Sheffield): The necessity for building materials depends upon the circumstances, e.g., nature 
of soil, whether any source of water supply is affected, area and price of land, etc. 


Mr. Wilkinson (Manchester): Asarule, beds should be made of building materials, both walls and flooring . 


Dr. Letts: Any construction which makes interior watertight and stable is suitable 


Messrs. Willcox & Raikes: All contact beds should be watertight, and this almost always necessitates 
_masonry walls and floors. A smooth concrete floor is practically essential for facilitating proper 
drainage and eration. 
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(46.) MAY THE DEPTH OF CONTACT BEDS VARY WITHIN CERTAIN LIMITS: WHAT 
LIMITS ARE PERMISSIBLE. 





Interim Report: Vol. IT. (Cd. 686), 1902. 





Mr. Santo Crimp: Thinks 3 feet the best depth for artificial filters 


Mr. D. Cameron (Exeter): Thinks beds should be not more than 4 feet deep. 


Mr. Dibdin: Depth must be governed by local conditions. As a general rule it will be convenient to 
have them from 3 to 4 feet deep. Laboratory experiments with a bed 8 feet deep showed unex- 
pectedly better results in the lower depths than in the upper, judging from the analyses of samples 
taken at each foot in depth. 


Col. Harding : At Leeds, coke beds were 5 and 6 feet deep respectively (primary and secondary), and clinker 
beds were both 3 feet deep. The deeper beds gave the better results. 


The beds were working for two years, but does not think experiment was conclusive. 


Fifth Report: Appendix I. 





Messrs. Raymond Ross & Pickles (Burnley): No experience of beds more than 3 feet deep. Thinks that 
beds much deeper than 3 feet would not work efficiently. 


Mr. Bolton (Heywood): Bed should not be more than 4 feet deep. 


Rate of purification faster in upper layers. This view is based upon method of distribution at Heywood 
which is not satisfactory. Seems to think that, with proper distribution, there might be advantage in 
deeper beds. 


Mr. Kershaw (Rotherham): Beds 3 feet and 4 feet deep give good results. Had no experience of other 
depths. 


Mr. Campbell (Huddersfield) : Should not be deeper than 4 feet. Conclusion after careful experiments with 
beds varying from 3 feet to 44 feet deep. Deterioration in results with beds over 4 feet (21833-8). 
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(46.) May THe DeptH or ConTactT Brps VARY WITHIN Cerrain Limits: Waar Limrrs are Pur- 


Mr. 


Mr. 


MISSIBLE (continued.) 


Harrison (Leeds): At Leeds, contact beds varying in depth from 3 feet to 6 feet have been used. 

Within these limits, primary and secondary beds 6 feet deep gave somewhat better results than the 
shallower beds. This, however, may have been due to difterences in material, grading, and method of 
working. 


Valentine (Oldham): At Oldham, the beds vary between limits of 13 feet and 3 feet deep. Has had no 
experience of beds deeper than 3} feet. Within the limits mentioned, a cubic yard of the shallowest bed 


would be quite as efficient as a cubic yard of deepest bed (22494). 


Di. Wilkinson (Oldham): 8 a result of special experiments and other observations, he considers that beds 


Mr. 


above 3 feet deep would not give such satisfactory results as shallower beds. There is more rapid 
purification in the upper layers. 


Fowler (Manchester): Yes: has seen contact beds successfully at work varying from 15 inches in depth 
to 13 feet. With a depth beyond 4 feet, care must be taken that hard and fairly large material is used 
to prevent crushing and excessive capillary attraction. 


Within a limit up to 4 feet in depth, a cubic yard of the shallow bed would be as efficient as a cubic 
yard of the deeper bed. 


M1. Carter Bell (Salford): No contact beds at Salford ; but thinks that limits of depth should be from 4 to 8 


Mi. 


Mr. 


feet. 


Wike (Sheffield): Should not be much deeper than 5 feet. Beds with a depth of 3 feet to 4 feet give 
better aeration than deeper beds. 


Wilkinson (Manchester): Probably 2 feet to 6 feet are permissible limits, dependent to some extent on 
fineness of material. Deeper bed should have coarser material. 


Messrs. Willcox & Raikes: Yes, but it is difficult to aerate contact beds more than 3 fect deep. Shallower 


beds involve increased cost in construction owing to increased area of floor and length of under drains, 


eo 


(47.) WHAT IS THE MOST CONVENIENT SIZE FOR A CONTACT BED. ee 
S. 


Fifth Report: Appendix I. 


20771 Messrs. Raymond Ross & Pickles (Burnley): Of a size that will admit of the bed being filled by the avail- 
ha able flow of liquid in about two hours. This allows a sufficient period of resting if beds are not filled 


more than twice a day. 


21143 Mr. Bolton (Heywood): From one-ninth to one-twelfth of the total area should be the unit. 

21462 Mr. Kershaw (Rotherham): Of such a size that they can be filled in one hour or less, 

21653 Mr. Campbell (Huddersfield): About one acre. 

22006 . Mr. Harrison (Leeds): Half-acre, for large volumes of sewage. 
22451 Mr. Valentine (Oldham): Thinks no bed should be much beyond one-third of an acre in area, and that it 


should be as near as possible in the form of a square. 


a Dr. Wilkinson (Oldham): Beds should be capable of being filled in one or one and a-half hours. 


ae Mr. Fowler (Manchester): 'This depends upon quantity of liquid to be treated. Probably one acre about 
the largest size that can be conveniently worked in one unit. Each unit should be of a size which can 
be filled without seriously shortening rest period. A dosing tank is a useful device in small installations. 


in Mr. Wike (Sheffield): Of such a size that they can be filled within one hour. Beds half-an-acre in area 
and three to four feet deep convenient to work. 


6225.—Ap. II. N2 


100 


CONTACT (47.) WHat Is THE MOST CoNVENTENT S1zE FOR A Contact BEpD (continued), 
BEDS. 





24284 Mr. Wilkinson (Manchester) : Of such a size as will admit of bed being filled in one hour at normal dry 
weather rate. Total area must, however, be divided into sufficient number of units, due regard being 
paid to maximum and minimum rates of flow, increased volume to be treated in wet weather, necessity 
for rest, cleaning repairs, etc. 


aO0T7 Messrs. Willcox & Raikes: Contact beds should not be so large that they take more than one hour 


to fill during the period of minimum flow. 
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(48.) WHAT ARE THE BEST FILTERING MATERIALS FOR CONTACT BEDS. talk 
‘ 8. 





Interim Report: Vol. II. (Cd. 686), 1902. 





Mr. D. Cameron (Exeter): Furnace clinker gave best results. (Several experiments with different 
materials. ) 


Important thing is to have smooth surfaces for liquid to flow over, without cavities that will hold the 
water. Coal, if broken cubically with smooth surfaces, is a very good material. 


Thinks uniformity in size very important. 


Mr. Dibdin ; Prefers coke, clinker, or ballast, because of the rougher surfaces. Other materials which can 
be used are broken granite, slates, chalk, etc. 


The efficiency of a material depends on the character of its surface. 


Sir H. Roscoe: From experience at Manchester, is inclined to think that cinders are a_ better 
filtering material than coke. 


Col. Harding : From the point of view of disintegration and consolidation, broken granite of perfectly even 
size would seem an ideal material, but would be very costly in most places. 


Equally sized gravel would do very well; and indeed any material of equal size, cubical or spherical 
in form, and not easily disintegrable. Porosity not very important. 


Dr. Frankland : Clinker is a very efficient material. In every place there is some local material which could 
be used. “ Saggers ”’ from the potteries is magnificent material (very porous and very hard), and an 
unlimited quantity is available. 





Fifth Report: Appendix I. 





Messrs. Raymond Ross & Pickles (Burnley): Prefer hard burnt clinker. 


Mr. Bolton (Heywood): Well-burned furnace and destructor clinker. 
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(48.) Wart are THE Bust FILTERING MareRiats FoR Contact Brps (continued). 





Mr. Kershaw (Rotherham): Coal has done good work, and after three years shows little sign of disintegra- 
tion. Clean, well-burnt clinker is as good as anything, and “ saggers’? and other pottery waste 


which would be available in some districts would do well. 


Mr. Campbell (Huddersfield): Good hard clinker that will not disintegrate. 


Mr. Harrison (Leeds): Has only had experience of destructor clinker and coke, and, of these, prefers hard 
furnace coke. , 


Mr. Valentine (Oldham): Of the two materials tried, mill ashes and destructor clinker, he prefers the 
latter as it disintegrates much less readily. No experience of other materials. 


Dr. Wilkinson (Oldham): Clinkers from refuse destructor have been found a suitable material: It is hard, 
and appears to disintegrate very slowly. 


Mr. Fowler (Manchester): Experience at Manchester is that hard furnace clinker is the best material. 
If properly sized, other materials, such as broken Staffordshire bricks, broken “ saggers,” gravel, and 
the like, should do equally as wellasclinker. - — . oe a ot Sool ae 


Mr. Carter Bell (Salford): Crushed clinkers about a quarter of an inch in diameter. (No practical ex~ 
perience, 23235). 


Mr. Wike (Sheffield): Most satisfactory materials have been found to be (1) hard clinker from steel works, 
(2) refuse destructor clinker, and (3) screened boiler clinker. 


Mr. Wilkinson (Manchester): Very best filtering material is broken brick or stone of the hardest character: 
Very rarely possible to obtain this at reasonable cost. 


An efficient material, easily obtainable, is hard, well vitrified, furnace clinker. Quarry refuse, 
properly broken, is also suitable and not costly. 
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(48.) WaT arg THE Best Finterina MavTeriaus ror Contact Breps (continued). 





Dr. Letts: Gives results of comparative experiments at Belfast with different materials, viz., broken brick, 
freestone, whinstone, clinker, coke, and limestone. Best results were obtained from broken brick 
material, and the worst results with the freestone. 


Messrs. Willcox & Raikes: Crushed saggers from potteries possess all the essential qualities of good 
filtering material, being hard and proof against disintegration. Crushed blue bricks, clinker, granite 
or flints are also satisfactory. 


Important to use local material wherever possible owing to heavy cost of carriage. 


@ 
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(49.) WHAT SIZE SHOULD THE FILTERING MATERIAL BE FOR CONTACT BEDS, AND 
SHOULD IT BE GRADED IN THE BEDS. 


Interim Report: Vol. II. (Cd. 686), 1902. 


Mr. D. Cameron (Exeter) : Attaches great importance to uniformity in size of material. Seems to prefer 
fine material. 


> 


Mr. Dibd'n : For coarse beds : material which will pass 4-inch mesh and be rejected by 3-inch mesh, 7.¢., 
ordinary coarse coke or coarsest burnt ballast. 


For fine beds : Material which has passed }-inch mesh, or, better still, §-inch mesh, and rejected by 
yn-inch mesh. 


Mr. Baldwin Latham: Essential that contact beds should be as near as possible of a uniform composition 
throughout, and not made of coarser material at the bottom and finer at the top. 


Col. Harding : Most important that material should be of equal size. Coarse material necessary where 
crude sewage is passed on to bed. 


Dr. P. F. Frankland : The material should be so far graded that the finer material is on the top so as 
to arrest suspended matter as far as possible. 


The use of comparatively fine material, especially for the first bed (at Manchester), was found to be 
of ao advantage. 


Lijth Report: Appendix I. : 





Messrs. Raymond Ross & Pickles (Burnley): All Bes should be both washed and screened. For 
primary beds, material retained by screen of }-inch mesh is used at Burnley: for secondary beds, 
material passing through 34-inch mesh and ae by }-inch mesh. No attempt is made to ca 

material in beds. oe 
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(49.) Wuart Size sHoutp Tue Firrertne MATERIAL BE FOR Contact BEDS AND SHOULD IT BE GRADED 


IN THE BeEps (continued). 


Mr. Bolton (Heywood): First contact beds: Pass 1}-inch mesh, and rejected by }-inch mesh. Second 


contact beds: Pass }-inch mesh, and rejected by 4-inch mesh. 


Material should not be graded; but there should be a small quantity of fine material near inlet 
to arrest suspended matter 


Mr. Kershaw (Rotherham) : Primary contact bed after tank treatment: Material, passing 14-inch screen, and 


Mr. 


M>. 


Mr. 


Mr. 


Mr. 


=s 


retained on l-inch screen. Second contact bed: Material from 8 inch to } inch. There should be 
layer of finer material on top. 


Campbell (Huddersfield): Material should be graded. Filter, 3 feet 6 inches deep Top 6 inchess 
fine clinker—+ inch to inch. Middle 2 feet 6 inches: medium clinker—+ inch to 3 inches. Bottom 
6 inches: rough clinker—5 inches to 6 inches. 


Harrison (Leeds): Size of material should be as small as conditions will allow, e.g., if liquid contains 
little or no suspended matter, clinkers or coke-breeze with only dust taken out would do: otherwise, 
material for primary bed should be | inch in diameter or more; the secondary bed may be of much 
smaller material. No grading is necessary, except a layer of coarse material over draing, and in some 
cases a very fine surface layer. 


Valentine (Oldham): Oldham beds filled with clinker passing $-inch mesh. Small material is likely 
to cause clogging. . 


. Wilkinson (Oldham): At Oldham, all material passing a }-inch mesh is rejected. The material is. 


not graded. 


Fowler (Manchester): Within limits, the finer the material the better. The limit of fineness is probably 
about + inch. Systematic grading is not necessary: there must, however, be coarse material at 
bottom to effect good drainage ; and a layer of finer material on top to effect even distribution and 
arrest coarse suspended matters is of advantage. 


Carter Bell (Salford): -inch graded to 1 foot of 2 inches at bottom. (No practical expe ience of 
contact beds). 
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(49.) Wat Siz SHOULD THE FILTERING MATERIAL BE FoR Contact BEDS, AND SHOULD IT BE GRADED 
IN THE Beps (continued.) 





Mr. Wike (Sheffield): Best results from graded beds. Following 3-foot bed has given satisfactory result 
with settled sewage. Furnace clinker, top 3 inches, }-inch to }-inch gauge; next 9 inches, #-inch to 
‘1-inch gauge; lower 24 inches, 1}-inch to 3-inch gauge. 


Distribution channels should be cut in the material forming the top layer and lined with fine 
screenings. 


Mr. Wilkinson (Manchester): Primary beds: Material passing 2-inch, and rejected by }-inch mesh. 


Secondary beds: Material passing 1-inch, and rejected by 3-inch mesh. Grading is costly, and is. ot 
necessary. 


Messrs. Willcox & Raikes.—Best results obta’‘ned with material “passing }-inch mesh and retained on 


finch. This applies to saggers (26182). 


The bulk of the material should be of the same size. 
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(50.} ‘LOW SHOULD THE BOTTOM OF THE CONTACT BED BE CONSTRUCTED. 





Interim Report: Vol. II. (Cd. 686), 1902. 





e271 Mr. Baldwin Latham: Important that drains should not be so laid as to cause the sewage to pass imme- 
diately through the filtering material into them. A method of construction should be adopted by 


which the drain is left full of purified effluent after bed is emptied. 
« 





Fifth Report: Appendix I. 





74 Messrs. Raymond Ross & Pickles (Burnley): There should be good fall towards outlet chamber. Drains 
should be glazed and socketed; earthenware pipes with 4-inch holes three-quarters of the way round 
the pipe. For secondary beds, unglazed field pipes with butt joints have been found satisfactory. 


46 Mr. Bolton (Heywood): Of impervious material, slightly inclined towards outlet, and well drained. 


465 Mr. Kershaw (Rotherham) : Should be fairly smooth or even with a fall from every part to outlet. Per- 
forated pipes or draining tiles should be arranged at intervals over floor, and the whole covered with 
layer of rough material. 


56 M1. Campbell (Huddersfield): Of concrete, with a slight fall, and under-drained by perforated pipes. 


154 Mr. Valentine (Oldham): No preference for any particular form of construction, so long as the bed and 
the drains can empty themselves by gravitation when the valves are open. 


47 Dr. Wilkinson (Oldham): At Oldham, there are two rows of drain pipes in the bottom of the bed, and there 
is a gradual slope towards these. 


96 _ Mr. Fowler (M anchester) : Bottom should be constructed so as to effect the freest possible drainage. Sunk 
drain channels in concrete covered with perforated tiles over which there are plenty of large clinkers— 
or preferably big flints from gravel—are very efficient. a 
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(50.) How sHouLD THE BoTTOM OF THE Contract BED BE CONSTRUCTED (continued) 





Mr. Carter Bell (Salford) : With perforated tiles. 


& 


Mr.®Wike (Sheffield): With concrete, if a natural bottom is not available. It should slope to the outle: 
“and the drains should be open pipes or channels, with loose perforated covers. The pipes or channels 
should remain full of effluent when bed is emptied. 


Mr. Wilkinson (Manchester): In rectangular beds, floors should be sloped from sides to centre; with 
square beds, the underdrains should converge to a collecting drain at one side. Floor should be of 
concrete in which the drains should be embedded and covered with tiles even with the concrete. 


Messrs. Willcox & Raikes: Of concrete, with drains at intervals for carrying off the effluent. 


2176 


7518-20 


Page 530 


20775 


21147 


21466 


21657 


109 


(51.) IS IT GENERALLY DESIRABLE THAT SEWAGE SHOULD BE SUBJECTED TO SOME 
FORM OF TANK TREATMENT BEFORE BEING PUT ON CONTACT BEDS. 





Interim Report: Vol. II. (Cd. 686), 1902. 





Mr. Dibdin : Suggests that screening (for removal of rags, etc.) is all that is necessary. 


Col. Harding: Leeds experiments show that it is far better to have preliminary treatment for reducing 
suspended solids. Beds act very readily on dissolved impurities, but very slowly upon suspended 
impurities. 


Mr. G. R. Strachan: Preliminary treatment for removal of solids—preferably settling or septic tanks—is 
desirable, though not essential. 


Dr. P. F. Frankland: Advantages of preliminary settlement are :— 


(a) Removal of suspended solids. 

(b) Comparative uniformity of sewage reaching keds. 

(c) Resolution of large proportion of suspended solids and consequent prevention of much sludge. 
(d) Resolution of some dissolved organic matters. 





Fijth Report: Appendix I. 





Messrs. Raymond Ross & Pickles (Burnley): Yes. 


Mr. Bolton (Heywood): Yes. 


Mr Kershaw (Rotherham): Yes, it is very necessary : otherwise, the beds would choke u p rapidly. 


Mr. Campbeil (Huddersfield): Yes. 
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(51.) Is 1f GENERALLY DESIRABLE THAT SEWAGE SHOULD BE SUBJECTED TO SOME FORM or TANK TREAT- 
MENT BEFORE BEING PUT ON ConTAct BeEps (continued.) 





Mr. Harrison (Leeds): Yes, the primary object being to reduce the amount of solids so as to minimise 
loss of capacity. Incidentally, better nitrated filtrates are produced. 


Mr. Valentine (Oldham): Yes, decidedly so. 


Dr. Wilkinson (Oldham): Certainly desirable for Oldham sewage. 


Mr. Fowler (Manchester): Yes, unless the beds are specially constructed to effect the aerobic digestion of 
sludge. 


Mr. Wtke (Sheffield): Yes, 


Mr. Wilkinson (Manchester): Yes. 


Messrs. Willcox & Raikes: Yes. 


013 
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(52.) WHAT PERIODS OF FILLING, STANDING FULL; EMPTYING, AND STANDING EMPTY 
ARE BEST IN PRAOTIGAL WORKING FOR (a) PRIMARY BEDS AND (b) SECONDARY BEDS. 


Interim Report: Vol. II. (Cd. 686) 1902. 


Mr. D. Cameron : Nothing gained by more than one hour contact with Exeter sewage. 


Mr. Dibdin : About two hours’ contact allowed in the Sutton beds. 


For coarse beds, there should be only two fillings per day asarule. They can be worked in three 
fillings, but not continuously. Period of contact would be two hours: filling and emptying, about 
one hour each. Remainder of period, resting. There should not be less than four hours’ resting 
empty after each contact. 


Sir Henry Roscoe: His experience shows that best results were obtained when beds were resting full 20 
per cent. of time and aerating 60 per cent. One hour’s contact sufficient. 


Col. Harding: Experiments at Leeds showed that two hours’ contact was most effective, confirming Mr. 
Dibdin’s experience. 


One hour for filling, and one hour for emptying convenient periods. Speed for filling need only 
be limited by the question of distribution. 


The longer the resting period, the better the results. Under normal conditions, three fillings per 


day (cycles of 8 hours) were found convenient ; but there would be advantage in giving only one filling 
per day normally. 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Most satisfactory for both primary and secondary beds is 
filling, about two hours; contact, about two hours. Beds should stand empty for not less than 
two hours between fillings. 


Mr. Bolton (Heuwood) 


Primary beds.—Filling > - - : - - - 1 hour 
Standing full - = - - - - 2 hours 
Emptying - . - - - - 4 hour " 
Resting > - - - - - - 43 hours 
Secondary beds.— Filling ream tH fut - + + + $ hour 
Standing full - - - - - - 2 hours 
Emptying - - . - : - 4 hour 


Resting ot. - 5 hours 
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(52.) Wat PERIODS OF Finiine, Stanpina Fury, EMpryina, AND STANDING EMPTY ARE BEST IN PRAC- 
TICAL WORKING FOR (a) Patmary Beps AND (b) SECONDARY Bups (continued.) / 





Mr. Kershaw (Rotherham): Three fillings per day in 8-hour cycles, as follows :— 


Filling - - . . . - - 1 hour 
Standing full - - - - - - 2 hours 
Emptying - - - : - - - 1 hour 
Resting - - - - - - - 4 hours 


No material benefit from longer than 2 hours’ contact. 


Mr. Campbell (Huddersfield) : 


Primary beds.—Filling - - - - - - - 1 hour 
Standing full - - - - - - 2 hours 
Emptying - - - - - - 1 hour 
Resting - - - - - - - 4 hours 


Secondary beds.—A similar cycle is given at Huddersfield. 


Mr. Harrison (Leeds): At Leeds, for both primary and secondary beds, the method of working is usually— 


Filling - - - - - - - 1 hour 
Standing full - - - - - - 2 hours 
Emptying - : - - - - 1 hour 
Standing empty - - - - - - 4 hours 


An increased purification is obtained with increased periods of rest, but very little advantage, if 
any, by increasing period of contact. 


Mr. Valentine (Oldham): Yilling not more than 1% hours. 


Primary beds.—Standing full, varies at Oldham from 1 to 5 or 6 hours. Length of contact must 
depend upon age of bed, time of the year, day of the week, time of the day, strength of tank 
liquor. 

Emptying, 14 hours. 

Resting, 2 to 6 hours, depending upon the factors above mentioned. 

Secondary beds.—The period of standing full for secondary beds would depend upon the char- 
acter of the liquid from the primary bed. It may be sufficient to fill the bed and then im- 
mediately proceed to stream it through; and in any case not more than one hour’s contact 
would be necessary. 


Dr. Wilkinson (Oldham): 


Filling - - - - - - 14 hours 
Standing full - - - - - 2 to 3 hours 
Resting - - - : - .- 2 to 6 hours 


Mr. Fowler (Manchester): In general, after the bed is once matured, the period of rest is more important 
than the period of contact, and the total time occupied in twenty-four hours in filling, standing full 
and emptying should not exceed the total of the period of rest. With increase in dilution of the tank 
liquor due., ¢.g., to storm water, the period of contact may be reduced to a minimum. (These re- 
marks also apply to secondary beds, but these can be worked more rapidly than primary beds.) 


With new beds prolonged periods of contact, (e.g. 24 hours) have been found advantageous. 
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52.) Wuar Prriops or Finite, Stanpinc Fuuiy, Empryine, anp STANDING Empty ARE BEST IN 
PRACTICAL WORKING FOR (a) PRIMARY BEDS AND (6) SEcoNDARY BEDs (continued). 


Wike (Sheffield): For both primary and secondary beds, 8-hour cycles, viz.— 


23564* Mr. 
Filling : ° . - - . - 1 hour 
Standing full - - - - : - 1 to 2 hours 
Emptying - : - . - - 1 hour 
Resting - - . : - - - to complete 8 hours 
Primary beds not more than three fillings per day. Four fillings can be given to second 
ary beds for short periods. 
24289 Mr. Wilkinson (Manchester) : 
For primary beds.— Filling - : - - - - 1 hour 
Standing full - - - - - - 2 hours 
Emptying. - : - - . - 1 hour 


Resting, remainder of period according to the cycles in which the 
bed is worked. 
For Secondary beds.— These may be worked at three times the rate of working of primary 
beds. 


Messrs. Willcox & Raikes: For both primary and secondary beds— 


26082 
- Not more than 1 hour 


Filling - - - . 

Standing full : - - - - Nil 

Emptying - : - : > - As quickly as possible 
. - - - - As long: as possible 


Standing empty 
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(53.) HOW SHOULD CONTACT BEDS BE FILLED AND EMPTIED. 


Interim Report: Vol. II. (Cd. 686), 1902. 





Mr. Dibdin : In emptying, first portion should not be allowed to rush out too rapidly, 
Beds should be filled as rapidly as possible, and emptied as slowly as possible. 


Mr. Baldwin Latham : Beds must be filled quickly, so as to retain in the filter as much air as possible. 


Ool. Harding : Filling should be as rapid as possible. Emptying quickly also desirable so as not to interfere 

with resting period, 

Most convenient plan of distribution was found in providing channels in the material itself, and 
turning them over from time to time, so varying their position. . 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): For filling, troughs six to eight feet apart fixed in surface, afford 
perfect distribution combined with moderate aeration. Beds are emptied as quickly as possible by 
opening valves to fullest extent. 


Mr. Bolton (Heywood): Under personal control. Pies Ye 


Mr. Kershaw (Rotherham): Observes no difference whether filters are filled by half pipes on surface, or 
whether liquid is run direct on to the material. Beds should discharge steadily at first until about 
a foot or so has run off, and then valve should be opened to fullest extent. < 


ein sete 


Mr. Campbell (Huddersfield): Fed by means of distributing troughs ; emptied by a valve at foot of bed. 


Mr. ok. (Leeds): Filled as quickly as possible with even distribution and without disturbing surface. 
nbs in the surface about three feet apart and connected at intervals are most effective for even dis- 
tribution. In emptying, the liquid should flow out at an even rate. 
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(53.) How sHoutp Contact BEDS BE FILLED AND EMPTIED (continued.) 


Dr. Wilkinson (Oldham): At Oldham, beds are filled either from wood or pipe channels on the surface of 
the bed, crossing it or radiating from one point. The beds are emptied slowly at first, and when about 
half empty, the valves are fully opened. 


Mr. Fowler (Manchester): Filling should be, as far as possible, equably from the top, and emptying should 
also be as equably as possible. Slow drawing off is advantageous, as it, to a large extent, prevents the 
washing out of suspended matters, 


Mr. Wike (Sheffield): Filled as steadily as possible evenly over the surface. Surface channels found to be 
best means of distribution. Emptying should also be steady. 


Mr. Wilkinson (Manchester): Filled as far as possible evenly from above, and discharged in the same way 
from below. Lateral filling not desirable. 


® 


Messrs. Willcox & Raskes: As rapidly as possible. 
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(54.) VIEWS AS TO AUTOMATIC GEAR FOR FILLING AND EMPTYING CONTACT BEDS. 


Fifth Report : Appendix I. 





Messrs. Raymond Ross &* Pickles (Burnley): Automatic apparatus an unnecessary expense as personal 


Mr. 


Mr. 


Mr. 


supervision is, in any case, necessary. It is very liable to get out of order, it takes no notice of con- 
dition of bed, and it is not adapted to variations in flow of sewage. 


. Campbell (Huddersfield): No automatic gear at present on the market gives satisfactory results. 


. Harrison (Leeds): Seems to object somewhat to automatic gear on account of its inapplicability to 


varying conditions. 


. Valentine (Oldham): Automatic gear is apt to get out of order, and is open te the objection that it is 


invariably adjusted to rigid times of contact, etc. 


Manual labour is, in the long run, cheaper, safer, and more reliable. 


Fowler (Manchester): Has had considerable experience of automatic gear, and sees no advantage in 
its use in large works, where skilled supervision must be provided in any case. Some simple mechanism 
might be advantageous in small works, chiefly on economic grounds, but even then it must have 
frequent personal attention. Automatic gear not adaptable to varying conditions. 


Wike (Sheffield): Efficiency of automatic gear largely depends upon uniform flow and strength of 
sewage. 


Wilkinson (Manchester): Automatic gear is liable to derangement, and can only be partially applied. 
Human control is desirable, especially in the matter of filling the beds. 


. . . j * . 
Automatic gear wants personal supervision, and is only useful in the case of any small works where 
the whole service of even one man cannot be afforded. 


Messrs. Willcox & Raikes: Automatic gear is a good substitute for manual labour on small works ; but 


control by an intelligent manager is far better. 
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(55.) WHAT AMOUNT OF TANK LIQUOR PER CUBIC YARD OF FILTERING MATERIAL 
CAN, IN PRACTICE, BE PROPERLY TREATED IN A PRIMARY CONTACT BED IN 
TWENTY-FOUR HOURS. 


Interim Report: Vol. II. (Col. 686), 1902. 


ra 





a7. Mr. Dibdin: 


At Barking. Chemically precipitated effluent : Fire bed 3 feet deep, one acre in area. 
Amount treated—1,000,000 gallons per day. 


At Sutton. Strong domestic screened sewage. Coarse bed, 3 feet deep. 
Amount treated—1,000,C00 gallons per acre per day. Prolonged experience, how- 
ever, points to a working rate, including rest periods, of 750,000 gallons per acre 
per diem. 


At Leeds. Sewage and trade effluents. Beds 4} feet deep. 
Amount treated (six months)—77 6, 000 gallons per acre per day. 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Normally, 90 gallons per cubic yard (with two fillings) per 
twenty-four hours. When strength of tank liquor falls below °400 parts per 100,000 of albuminoid 
ammonia, and 7°:000 parts per 100,000 of pcre abrorbed An four hours), aren 135 eas per 
cubic yard can be treated. otal heh cgh eT Mae ee 


Mr. Bolton (Heywood) : Found that three fillings per day, equalling 100 gallons per cubic yard, with a 
septic tank liquor containing .35 parts of albuminoid nitrogen and absorbing 5:25 parts of oxygen in 
four hours, gave a percentage purification of fifty on the oxygen figure, and thirty-six on the albuminoid 
nitrogen. 


- Not practicable to give a varying contact with varying strengths of sewage. 


Mr. Campbell (Huddersfield): Amount depends on strength and nature of the sewage, and on the condition 


of the beds. 
At Huddersfield. 
Chemically precipitated sewage (7°0 parts per 100,000 suspended pie . 156 galls per c. yd. 
Septic tank liquor (13-2 parts per 100,000 suspended solids) - - Looby, 


Beds 34 feet deep. Three fillings a day. 


Mr. Harrison (Leeds): A primary bed, when new, and receiving three fillings per day of crude sewage at 
Leeds treated about 200 gallons per cubic yard per day. After two years it would only treat al cut 
sixty-six gallons per cubic yard. Analytically, results were satisfactory throvghout the whole pevicd 


Another ked, treating septic tank effiuent, and resting one week in every four, treated en average 
of about 120 gallons per cubic yard at first, but four years later, only treated an average of fifty-fevr 
gallons. During past two years, this ted has treated an average of sixty-five gallons per cukic yard 
with really excellent results. 
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(55.) Waar Amount or Tank LiquoR PER Cupic YARD OF FILTSaREN@ MATERIAL CAN, IN PRACTICE, BE 


PROPERLY TREATED IN A PRIMARY CONTACT Bep IN Twenry-rouR Hours (continued). 





Mr. Valentine (Oldham): With a tank liquor which absorbs 34 parts in 100,000 of oxygen in four hours 


from permanganate, and a bed two or three years old, between 120 and 140 gallons per cubic yard per 
diem could be efficiently treated. With a less purified effluent (abscrbing eight to ten parts of oxygen), 
only eighty to ninety-five gallons could be treated per cubic yard. 


Dr. Wilkinson (Oldham): With an average tank effluent, of, say, three to five grains of oxygen in 100,000 


by four hours’ test, not more than 100 gallons per cubic yard per day can economically, having regard 
to the life of the bed, be treated on a contact bed. ‘This applies to single contact. 


Mr. Fowler (Manchester): The amount depends upon the character of the sewage and the size of the 


filtering material. His general conclusion is that, to obtain a really first-class effluent, one cubic yard 
of material should be provided per person. This can be arranged in any way to suit the particular 
circumstances, single contact, double contact, or continuous perco'ation. 


The above proportion would provide for storm flow and also allow a margin for occasional resting of 
beds. 


In July, 1900, experience at Manchester pointed to average speed, for primary bed, of 750,000 gallons 
per acre per day (allowing Sundays rest and one week’s rest per month). 


Mr. Wike (Sheffield): With beds three to four years old, and three fillings per day, 120 gallons per cubi 


yard. Amount must vary with quality of tank liquor. 


Messrs. Willcox & Raikes: Less than 200 gallons per cubic yard per day. Quality of tank effluent affects 


the amount that can be dealt with. aa 
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(56.) WHAT AMOUNT OF LIQUID FROM A PRIMARY BED CAN IN PRACTICE BE TREATED 


ON A SHGONDARY BED PER GUBIJC YARD OF FILTERING MATERIAL PER TWENTY- 
FOUR HOURS. 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Bed in operation for five and a quarter years is dealing with 


Mr. 


90 gallons per cubic yard per twenty-four hours in two fillings. 


. Bolton (Heywood): About one and a half times the quantity treated on the primary bed. Result of 


actual experiments (21274). 


. Campbell (Huddersfield}: 166 gallons per cubic yard at Huddersfield. (Beds three and a half feet 


deep. Three fillings per day). It would be possible to treat a larger amount. 


. Harrison (Leeds): The practice at Leeds is to treat the liquid on the secondary bed at the same rate 


as on the corresponding primary bed. 


. Valentine (Oldham): Very little experience, but thinks that a secondary bed ought to take nearly 


three times the quantity passed through primary beds. 


. Fowler (Manchester): This amount depends upon the percentage purification effected by the primary 


bed. At Manchester the first contact effluent is generally non-putrefactive, and this can be efficiently 
treated on a secondary bed of half the area of the first bed. 


Primary bed deale with 750,000 gallons per acre per aay therefore, secondary ted would work at 
cate of 1,500,000 gallons per acre per day. re F 


Wike (Sheffield): Generally speaking, with three fillings per day, 160 gallons per cubic yard. 


Messrs. Willcow & Raikes: Contact beds at Hanley of little use if filled more than two or three times 


a day even with partiaily purified sewage. 
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CONTACT (57.) OAN THE RATE OF WORKING OF CONTACT BEDS BE INCREASED IN TIMES OF 
BEDS. STORM WITHOUT IMPAIRING TH® EFFICIENCY OF THE BEDS OR THE QUALITY 


OF THE EFFLUENTS. 





Interim Report: Vol. II. (Cd. 686), 1902. 





—. 


Mr. Dibdin + Yes, the work thrown upon the beds depends upon quantity of sewage matter, not on mere 
volume of water in which it is contained. With sewage one half the normal strength, beds will deal 
with double the quantity. At Sutton, beds have frequently been filled six or seven times a day during 


wet weather. 


p. 120 


Dr. Rideal : At Exeter, the result of passing about twice the dry weather flow through the beds and re- 
ducing the period for each filling was very unsatisfactory as regards the filtrate, but there was no 
permanent injury to the beds. 


4492-5 


4507-11 Mr. Baldwin Latham : Storm water sewage, according to its strength, can be passed at a quicker rate 
through beds without impairing their efficiency. 


7055 Col. Harding : Suggests that, with one filling a day in normal times, beds might be filled, in times of rain 
three times and even six times a day for short periods. No actual experience in the treatment of dilute 
sewage; considers that the first part of the storm diluted sewage should in any case receive fuller 
treatment (7093-9). 


* 


Fifth Report: Appendix I. 


20781 Messrs. Raymond Ross & Pickles (Burnley): With Burnley sewage, the contact beds could not be filled 
more than three times a day without impairing the quality of the effluent. Normal working is two 
fillings per day. 3 


21153 Mr, Sn ee Yes, with storm water proper, if the suspended solids had been considerably 
reduced. 


21663 Mr. Campbell (Huddersfield): Yes. First flush of storm sewage should not be allowed on beds; but, as 
the sewage becomes more dilute, beds may be filled five or six times per day. 
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(57.) CAN THE RATE OF WORKING OF ConTACcT BEDS BE INCREASED IN TimES OF STORM WITHOUT CONTACT 
IMPAIRING THE ErricteENcy OF THE BEDS OR THE QUALITY OF THE EFFLUENTS (continued.} BEDS. 





Mr. Valentine (Oldham): Yes. A well-settled tank effluent in storm times might be streamed directly 
through secondary beds for hours at a stretch. Has found, by actual experience, that tkis can be 
done without any ill effects either as regards efficiency or capacity (22493). 


Dr. Wilkinson (Oldham): Yes, a flow of weak sewage through a filter bed occasionally has often very 
beneficial results. « 


Mr. Fowler (Manchester): On the basis of one cubic yard of filtering material per person, storm water can 
be passed through the beds. 


Mr, Wike (Sheffield): Probably, for short periods. (Question has not been closely investigated.) 


Messrs. Willcor & Raikes: No, accelerated working will adversely affect quality of effluent. But 
provided bed is not clogged, accelerated working for short period does not necessarily affect results 


afterwards, i 


6225—Ap. II, . a rt) 


CONTACT 

BEDS, 
3936-43 
3044-5 
20794 
21164 
21673 
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(58.) MAY CONTACT BEDS IN TIME OF STORM BE: USED: AS STREAMING FILTERS, ¢ © 


AND ARE THERE ANY ADVANTAGES IN SO WORKING THEM. 
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Mr. Dibdin : Gives results of special experiments in streaming storm diluted sewage through contact beds, 
at Worcester Park and Sutton :— 


ee nnn nn ee 


= Amount treated. Pervod. Percentage Purification. 





Worcester Park - | 200,000: gallons. (Plant de-\|8 hours | Average for f 66 by alb. amm. test. 


signed to deal with normal whole period. | 64 ,, oxygen absorbed test. 
flow of 80,000 gallons per 
day.) End of =f 75 by alb. amma. test. 


period. \ 71 ,, oxygen absorbed test. 


Sutton - | (1.) 208,320 gallons. (Two | 9 hours | Average for f 29 by alb. amm. test. 
beds, 186 sq. yds. each, 54 whole period. | 27 ,, oxygen absorbed test. 
feet deep.) 





End of 72. by alb. amm. test. 
period. 63 ,, oxygen absorbed test. 


(2.) 323,000 gallons. (Same | 9? hours | Average for f 59 by alb. amm. test. 
beds.) whole period. | 63 ,, oxygen absorbed test. 


End of =f 81 by alb. amm. test. 
period. \ 71 ,, oxygen absorbed test. 





(3.) 397,440 gallons. (Same | 12 hours | Average for f 58 by alb. amm. test. 
beds.) 


e whole period. | 55 ,, oxygen absorbed test. 


At end of 63 by alb. amm. test. 
period. 64 ,, oxygen absorbed test. 











In each case all suspended solids were removed by the filtration. 


The Sutton beds on return to intermittent work gave a purification on alb.amm. of 83 per cent, and 
by oxygen absorbed, 77 per cent., with total removal of suspended solids. 

There was no reduction in capacity through working the beds as streaming filters. But Sutton is ~ 
sewered on the separate system, and there is no road grit in the sewage to choke the beds 

Though there was a reduction in percentage purification, the quality of storm water effluent obtained 


by streaming through beds was on the whole quite equal to sewage effluent obtained by ordinary 
working. 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Consider this would be very detrimental to beds. Have 


found by actual experiments that strearhing is detrimental both to the bed itself and to the quality of 
the filtrate (21045-7). i. 


Mr. Bolton (Heywood): No advantage in working contact beds as streaming filters, With this system of 
working, there is great tendency for beds to choke near the inlet. 


Mr. eae (Huddersfield): Should not be used as streaming filters unless they are constructed of coarse 
materiais. . 


- 


22473 


22662 


22813 


23578 


26100 
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(58.) May Conracr Bups 1§ TrmE' oF STORM BE USED AS STREAMING FILTERS, AND ARE THERE ANY 
ADVANTAGES IN SO’ WORKING THEM (continued); °°) toy 


Mr. Valentine (Oldham): This has been-done at Oldham and works extremely well. In ordinary cir- 
cumstances the filters afterwards seem better and there is an appreciable increase in capacity. 


In case of summer storm followed at once by fine, hot weather, two or three fillings subsequent to 
the storm water dosing give effluents of an unsatisfactory nature. 


Dr. Wilkinson (Oldham): Yes; and after being so used, and a rest, the results are better. 


Mr. Fowler (Manchester): Yes, but short contacts are better. Streaming requiring less attention, is 
useful in an emergency. 


Mr. Wike (Sheffield): Tried streaming for short periods with very dilute sewage without apparent 
' detriment. 


Messrs. Willcox & Raikes: Contact beds converted into streaming filters either temporarily or permanently 
give improved results, provided the sewage is efficiently distributed over the surface. 


6 


bo 
bo 


25—Ap. Li. Q 2 


CONTACT 
BEDS. 


CONTACT 
BEDS, 


20793 


21163 


21480 


22512 


26039 
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) IS THE AMOUNT OF SUSPENDED SOLIDS INOREASED Ik THE BEDS ;ARE 
9) ILLED AND EMPTIED MORE FREQUENTLY IN STORM TIMES OR OTHER TIMES. 





Fifth Report : Appendix I. 


Messrs. Raymond Ross & Pickles (5urnley) : Apparently not. 


Mr. Bolton (Heywood): Only slightly. 


Mr. Kershaw (Rotherham) : 


No material visible increase has been noticed. 


Mr. Valentine (Oldham): Yes, generally more than the average amount; but nearly all of a mineral 


nature. 


Mr. Fowler (Manchester) : 


Messrs. Willcox & Raikes: 


No, except through clay passing through beds in early stages of storm. 


Yes. 
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(60.) IS ONE CONTACT SUFFICIENT FOR THE CONVERSION OF CERTAIN TANK LIQUORS CONTACT 
INTO A SATISFACTORY EFFLUENT. BEDS. 


Interim Report; Vol. II. (Cd. 686), 1902. 


6554-7 Mr. G. Chatterton: Had experience of actual working of contact beds (two acres in extent) at Merton 
(Croydon Rural) sewage farm giving very satisfactory results by single contact after chemical pre- 
cipitation. Typical analysis of filtrate—oxygen required to oxidise organic matter, °091 grains per 
gallon. 


6641-8 Mr. R. A. Tatton: Single filtration of settled sewage at Oldham gives uniformly satisfactory results. 
Beds have an area of 18,920 square yards, treat about 1,500,000 gallons per day, and have been working 
for two years. = 


7067 Col. Harding: Did not obtain at Leeds good enough results from single contact, either with lim>-settled 
effluent or septic tank effluent. Rosults were on!y fair, and never reached Rivers Board standard. 


Fifth Report: Appendiz I. 


20782 Messrs. Raymond Ross & Pickles (Burnley): Do not know of any liquors which could be dealt with by 
one contact. 


211b4 Mr. Bolton (Heywood): One contact sufficient for weak tank liquors in which the four hours’ oxygen 
absorbed figure is as low as 2°5 parts per 100,000 and the albuminoid nitrogen *20 One contact 
would reduce these to 1 part for the oxygen absorbed figure and °1 for the albuminoid nitrogen. 


21470 Mr. Kershaw (Rotherham): Single contact cannot regularly be relied upon. Results for 1903 and 1904 
(averages) : 





1903. 1904. 


Single , : Single : ; 
Tank C Purification | Tank ; 8 Pur : 
Li te pakece Par Cont ists oitee Boe . 
quor. | Filtrate. i 4 Filtrate. ‘ 





Oxygen absorbed : 4 2934 “96 59 3°65 1-49 59:18 . 











CONTACT 
BEDS. 


21664 


22015 


22461 


22654 


22801 


23570 


23615 


23839- 42 
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(60.) Is onE CONTACT SUFFICIENT FOR THE. CONVERSION OF CERTAIN Tank LIQUORS INTO A:SATISFACTORY 


Mr. 


Mr. 


Mr. 


Dr, 


Mr. 


Mr. 
Mr. 


ErrLvuEnNt (continued). 


ee 


mpbell (Huddersfield): One contact sufficient for weak tank liquors, e.g., heavy storm flows, and 
eee oa dows Tank liquors having oxygen absorption of 2-4 parts per 100,000 give 
effluent by one contact with from 0°5 to 1-4 parts per 100,000. 


Harrison (Leeds): Has never been able to produce a satisfactory filtrate with one contact. 


Valentine (Oldham): With a tank liquor absorbing 3} parts in 100,000 of oxygen in four hours from 
permanganate, and a bed two or three years old, one contact would be sufficient to produce an effluent 
which would remain non-putrescent on incubating, and would rarely absorb as much as 1°25 parts 
of oxygen per 100,000. 


Wilkinson (Oldham): Yes, with, say, three hours’ contact, and a tank effluent not exceeding 4-5 
parts per 100,000 of oxygen by four hours’ test. With a longer contact a satisfactory result can be 
obtained with a much worse effluent. 


Fowler (Manchester): With a sufficient area of fine material (? one cubic yard per person), one con- 
tact will often suffice, but prefers double contact. 


(This answer apparently applies to sewage which has undergone thorough preliminary treatment in "~ 
septic tanks, see 5578-81. Interim Report: Vol. IL.) 


Wike (Sheffield) Assuming outfall is a river of fair size, consider single contact sufficient. 
Haworth (Sheffield) The following is an average of analyses :— : 





Parts per 100,000. 








Teck Linus, | Bent gael by 
Oxygen absorbed in 4 hours - - 4:14 1-68 
Ammoniacal nitrogen. . - 2°70 | 1-44 
Albuminoid _,, - : - ‘43 “Ly 
Chlorine - - - - 10°57 10 42 
Suspended solids - - s as 10°75 — 
Nitrogen as nitrates and nitrites - — “40 














Single contact efiluents, however, are frequently putrescible, though only very slightly. 
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(60.) ° Is ONE CoNTACT SUFFICIENT FOR THE CONVERSION OF CERTAIN Tank Liquors INTO A SATISFACTORY CONTACT 
EFFLUENT (continued). BEDS. 
34 Dr. Lets : The filtrates from the first beds in some experiments at Belfast were not sufficiently pure to go 


into a small and clean non-drinking water stream. 



































Subi i res 
Parts, per 100,000.* ae ee 
Nitrogen as :— Se ae ed Dissolved Gases.t 
Nature of Sample. B 
5 = 3 = 3 2 Z eB a o 2 a F 
+ ~ = raat 
Pe ORS PSS i-e | Be] 3 pee Bese ey < Bs | me 
Belecieee | Ss | a (geo | ee ik | s 
8 ase eet etl oem Dae he | 
jee ew ei 
Screened and settled sewaze | 2°13 | 0:89 | 3:36 | 0-14 | 2:87 | 9-01 | 6-67 106°12 | 0-01 | 17-93 
Effluent from upper bed - | 1°55 | 0-52 | 2:36 | — | 1:64 | 4:74 | 3-55 115-51 | 0:00 | 19-14 
fe 0 lower : : : -92 | 2: > ‘ 3 : 
bed 1-04 | 0:26 | 59 0:03 | 0°92 | 2°62 | 1:38 111-39 | 0:03 | 20-00 
* Mean of 12 serie of analyses. + Mean of 6 ser:es of analyses. 


+ The dissolved gasse3 also con‘a’ned a‘ times hydrozea and arsh ga; in small quantities. These 
were determ’ned, bit are not included in the n‘trozen. 


88 Messrs. Willcow & Raikes; Have never found single contact sifficient to give satisfactory effluent. 


(61.) 
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BEDS LOSE THEIR WATER-HOLDING CAPACITY. 


887 


Mr, D. Cameron (Exeter) : 


Interim Report : 





Vol. II. (Cd. 685) 1902. 





Water capacity of bed, after filtering material was put in 


After 26 months’ working, water capacity 


After a rest, wa‘er capacity rose - ° 


3805 Mr. Dibdin: 


Date of 
Measurement. 


INO 


22nd, 1897 
6th, 1898 
27th, 1898 
5th, 1898 
llth, 1899 


Aug. 
Oct. 
Nov. 
*Dec. 
Jan. 


No. 2. 


June 38rd, 1897 
Oct. 13th, 1898 
Noy. 30th, 1898 


No. 3. 


23rd, 1897 
12th, 1898 
3rd, 1898 
7th, 1899 


No. 4. 


30th, 1898 
llth, 1898 
5th, 1898 
10th, 1899 


July 
Oct. 
Dee. 
Jan. 


Apr. 
Oct. 
Dec. 
Jan. 


* After one week’s rest, 


7063 


6,349 
7,170 


I 


AT WHAT RATE OR RATES DO PRIMARY CONTACT BEDS AND SECONDARY CONTACT 


8,932 gallons, or -39 of contents. 


°28 
*32 


29 9 


99 ” 


TaBLE SHowrne Capacities oF Sutton CoarsE Grain BEpDs. 


Area. 


Sq’are: 


yds. 
186 


186 


186 





186 





D'pth 


F:.In. 


5 3 


5 3 











Ditto. 


Cubic Capacity in 


Original Coarse Bed. 














Gable toen Percentage. 
js ant eee 
Water. ee Total. | Water. here 
2,796 |6,011 | 8,807] 32 68 
1,054 | 7,753 | 8,807] 12 88 
1,132 | 7,675 | 8,807] 13 87 
1,528 | 7,279 | 8,807| 174 824 
1,246 | 7,561 | 8807; 14 86 
2,480 | 6,327 | 8,807] 28 72 
1,213 | 7,594 | 8,807) 133 863 
1,053 | 7,754 | 8,807| 12 88 
2,720 | 6,087 | 8,807] 31 69 
1,496 | 7,311 | 8,807] 17 83 
1,475 | 7,332 | 8.8071 17 82 
1,6431] 7,164 | 4,807| 184 814 
2,880 | 5,927 | 8,807} 323 67£ 
2,261 | 6,546 | 8,807] 254 743 
2,735 | 6,082 | 8807] 31 69 
2,570 | 6,237 | 8,807] 293 702 








Same as original Coarse Bed. 


One 
Filling 
daily. 





| 457,378 


171,518 
185,811 
250,129 
200,104 


400,206 
192,957 





443,085 
242,983 
242.983 


| 264,422 


468,097 
364,473 
443,085 
418,072 


171,518 | 








Mixed Fine and Coarse Bed, stratified. 


Working Capacity in Gallons, 


per acre, per day. 


Two Three 
Fillings | Fillings =a 
daily. daily. 





914,756 | 1,372,134 


342,036 | 514,554 Were 
371,622| 557,433| + Works 
5 mE November 
500 208 Oe eee 
400,208 | 600,312 ; 
800,412] 1,200,618 Commensed 
385,914] '578,871|+ vor ig 
342,036} 514,554 une 3r 


1897, 


886,170 | 1,329,255 


485,960 | 728,949 working 
485,966 | 728,949|( July 23rd 
528,844 | 793,266 1897 


936,194 | 1,404,291 
728,946 | 1,093,419 
886,170 | 1,329,255 
836,144 | 1,254,216 


Commeneed 
working 
April 30th, 
1898. 


eee 
) 


{ January 14th, 1899. Aftr one week’s rest, 2,098 cubic feet. 


Colonel Harding: Gives the following Table showing the variations in capacity of contact beds at Leeds. 
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(61.) Av wHat Rate or Rates DO PRIMARY Contact Beps AND SECOND’ R ‘oNnracT BEDS LOS? THEIR 
WATER-HOLDING Capaciry (continued). 


p. 451 Mr. E. G. Mawbey (Leicester): , 


Warer Capacrrtes or Crariryinc Bacrerta Beps at Letcestrr (PRIMARY BEDs), 


Total capacity of four clarifying bacteria beds = 19,978 cubic feet = 124,862 gallons. 
Mean approximate area * a 2 oe 493 square yards. 
Depth of ae A ae 4 feet 6 inches. 


Sewage subjected to preliminary treatment in Detritus and Septic Tanks. 























oi Be y. Sani By ae 
cee ee ae [SBS] 2e gee 
| ad] ag 525 Bog ool Seed on 
= a 2 Bat De 3S Ses gq. BS, D fa O44 
ty |e leeloue| gee 128s eee 
Date capacity | | B42 | a3 & ano ie ae ee Sac Remarks 
measured, pod Saag ora pote OOS mis ee ous 
D | 4 et a ox $29 2s ono 2, 
as or a oO Ko qo g ra 
rs Aa a8 as Ss D & 2 5 n 
= OS | 85 oy S) Sc Iams Po Z 
a ee is a= o's = 5} os 
Ai BS a fy Sy Sa > 2, 
1898 
24 September - | 3] — 61,865 a 49°54 250°83 | 1,822,068 
15 October = Sulaed 59,066 | 4°52decrease} 47°305 | 239°48 | 1,739,631 
21 December -| 3] 67 | 49,795 | 15°69 ,, 39°88 | 201°89 | 1,466,577 
1899 
17 January © - | 3} 27 "| 45,059.) (9 jou 36°08 | 182°66 | 1,326,885 
2 February -| 3| 16 | 44,459| Tar 35°60 | 180°26 | 1,309,419 
16 “A - 3 14 43,211 2°80 H) 34°60 175°20 | 1,272,663 
3 March-= =.) (33a 45,432 | 65°14 increase| 36°38 184°20 | 1,338,078 | 7th filling, after 34 days’ rest. 
15 oe - 3 12 44,620 1°79 decrease | 35°73 180°91 | 1,314,162 
29 yon = | Be 14 || 24805 34:47 | 174°55 | 1,267,950 
10 April - = 1 Selle 48,238 | 12°04 increase | 38°63 195°58 | 1,420,719 | 1st filling, after 10 days’ rest. 
132 ,, - - 3 3 43,342 | 10°15 decrease] 34°71 17573" 15276521 4 Our " x a 
Se ages - - 3 13 42,896 1°02 + 34°35 | 173°92 | 1,263,387 
1i-May.- -'| 3 | 45° }%42306:)Sirta ee 33°95 | 171°89 | 1,248,660 
ae re Sars 6} “41,859 1 see 33°50 | 169°64 | 1,232,256 
BO: ne oe a Sa bee) 48,572 | 16°09 increase} 38°90 196°93 | 1,430,556 | 1st filling, after 12 days’ rest. 
OL ieee = : 3 1 45,178 | 698decrease| 36°18 183°17 | 1,330,596 | 4th * & ce 
14June - -| 3] 14 | 49563] 578 34:06 | 172°57 | 1,253,577 
29 iy = 8 SBS e839 7 ne 33°50 | 169°64 | 1,232,256 
12 July ---------}--3--- 13 |--41,060°-|--- ese 32°88 | 166°47 | 1,209,315 
27 yy 6-0 1 815 | 40,0878 a eae 3226 | 163°32 | 1,186,398 
10 August -| 3 | 14 | 42,730 | 608 increase| 34°22 | 173°25 | 1,258,497 | 4th filling, after 34 days’ rest. 
5 ee) -| 3] 14 | 41,506 | 2°86 decrease} 33°24 168°29 | 1,222,410 
7 September -| 3] 14 39,391 | 5°09 31°54 159°71 | 1,160,154 | Heavy rain whole of 16 hours 
| previous to test. 
20 %» vf 4) 18" | 3632 a) 76 29°09 | 196740 | 1,426,696 | 6th filling, after 34 days’ rest. 
4 October - 4 15 35,107 3°36 E 28°11 189°79 | 1,378,644 
6 November -| 4] 33 44,232 | 25°99 increase} 35°42 23912 | 1,736,976 | Ist filling, after 24 days’ rest. 
6 » -| 4] — | 40,504 | 8-42 decrease] 32:44 | 218°96 | 1,590,780 | 2nd . - 


on OEE KES SS 
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(61.). Av wHat Rarer on RatEs p>) Primary Contact BeDs AND SECONDARY Contact BEDS LOSE THEIR CONTACT 


WaTER-HOBBING CAPACITY (continued). BEDS. 


Fif:h Report: Appendix I. 





Messrs. Raymond Ross & Pickles (Burnley) : 











Capacity in Percentage 
ae Gallons capacity of 
; empty tank. 
First contact bed No. 5, made of washed and re-screened material. — —_ 
Contents : 3,081 cubic yards ; 519,912 gallons. 
June, 1904 (first filling) - - : 243,644 46°79 
December, 1904 (6 months poaiuuously, at 2 ; Allings her day) - 150,761 28°95 
February, 1905 (bed having been allowed two rests amounting to 151,669 29°13 
12 days) - - - - - - - - - - - 
First contact bed No. 18, made of unscreened furnace clinker, 
Commenced work January, 1898. 
June, 1899 - - - - - - - - - - - 108,255 25°6 
September, 1900 - - - : : - - . - - 65,37 4 15°8 
November, 1900 - - - - . - - - - - 69,800 16°8 
October 1902 - - - - - - - - - - 61,300 14°7 
March, 1905 - - - - = - - = = = - 56,786 13°7 











A primary bed filled with washed and screened material would last seven years, perhaps longer. 
Secondary beds, probably twenty years A primary bed is still in use after seven years’ working 


(20750). 
Effluent treated contained 15 parts per 100,000 suspended matter (20959). 


27 per cent. of empty water capacity is a fair average working capacity of contact beds. 


Mr. Bolton (Heywood): (a) Primary beds. 
At commencement - : - - - - - 49 per cent. capacity. 


After 40 weeks (720 fillings) - : ‘ : - =i $22 Ae < 


(b) Secondary beds. 
At commencement - - - : - - - 50 per cent. capacity. 


After 40 weeks (720 fillings) - - - - - - 34°5 re :, 


(c) Single contact treating chemically precipitated sewage 


At commencement - - - - - - - - 32* per cent. capacity. 
After 43 years (3,972 fillings) - - - - - - 34°42 a ey 
Wee ss (0,592 yer ) - - - : - 31°9 55 , 


* Rough measurement. 


ANALysIs OF Liquor (TRUE CHEMICAL PRECIPITATED SEWAGE) TREATED. 


Part per 100,000. 


Oxygen absorbed, four hours’ test - - - - - 3°38 
Chlorine - - - - - - - - Se awe 
Ammoniacal Nitrogen - - - - - - - - 1°99 
AIDUININOML Nithogenr ans 36 a Te ea es 
Nitric Nitrogen ry - - - - - - - - Traces 
eRe ewe eee oe a 


Suspended Solids 
6225.—Ap. II. . R2 
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CONTACT wits (61:) “Ar wuat Rate oR RATES DO Prmrary Contact’ BEDS AND SECONDARY CONTACT BEDS LOSE’: 






































BEDS. THEIR WATER-HOLDING Capacity (continued). 

21665 Mr. Campbell (Huddersfield): Beds lose capacity very rapidly at first, and then remain fairly constant 
for some time, the coarse bed at between 20 and 30 per cent. of original capacity, and fine bed at 
about 33 per cent. 

oi) Saree Percentage cipacity of 
Mee ies 2 Capacity in gallons. Empty Tank. ~ 
(a) Coarse bed : . =i sateen 
August ~ ~1900 sta - = : 3,987 59 (initial capacity). 
December 1901 Rig 2 Se Seeman 1,670 (25 3 t . 
‘ 1902 = = - - - 1.610 24 
January 1904 <4 = 2 1,430 21 
December 1904 Sy yee) aR a ee 1,026 16 
(6) Fine beds : . ‘ya SER Peta 
August 1900 2 - + - - 3,900 _ 59 (initial capacity). 
November 1901 - - - - - 2,340 35 
March 1903 - - - - - 9.200. 50: 33 
AVERAGE ANALYSIS (PARTS PER 100,000) or Ligcor TREATED ON BEDs, 
: ‘ Nitrogen from Oxygen aes 
a 7 eee Albuminoid | absorbed in 4 Chlorine. pea a 
} ‘| Ammonia. |bours at 80° F. i 
Open septic tank - 1:91 0°499. . - 6°16 12°10 oe Sead 
Ist contact effluent — - 0°73 0'263 3°00 Mer ee 64 
2nd contact effluent - 0°18 0°156 153 12°00 — 
22016 Mr. Harrison (Leeds): Typical figures showing loss of capacity in primary bed :— : 
Capacity with the 
Date. 100 unit. Actual . galls. 
1901. |S July Sie = - . - - - - 48°8 86,900 
September 27 - - - - - 44°4 79,100 
November 22 - - = = x 42°8 Satie 76,200 . 
December 20 - - = - - . 44°4 79,100 
1902 February 14 - - - - Page. 41°2 73,300 
April 11 - - - - - - 39°5 70,300 
| June6é - : . - «weg - 38°7 68,900 
August 29 . “ - - : - 379) © 67,400 
October 24 - - : i - - 37°0 65,900 
December 19 - - - - - - 37°0 " “S085, 900°" 
1903 February 13 - - - - - - 35°9 ; 64,000 
April 9° - - - - - = - 34°8 62,000 
June 5 - - - 2 - - - O07 60,000 
August 1 - - - : - ; Bow 60,000 
October 23, - © 20 ae eeeneen: 33°3 59,400 
December 18 - - s : - - 31°6 56,200 
1904 February 1 - - - - . 29°9 53,200 
April 8° = <3) 3 29°1 51,800 
June 3 72 i 3 = : : 2 28°6 50,900 
August 26 - - : - = OTe 48,100 
October 21 = . . - - - 2677 45,700 
December 16 - . - - - - 22°7 40,500 
1905 February 10 - . - - - - 20°5 36,600 














The bed was receiving two fillings per day of septic tank effluent and rested one week in every four. 
Average of analyses of liquor treated was as follows (parts per 100,000) :— 


Open Tank. Closed Tank, 


Ammoniacal Nitrogen -- - - - 1°85 1:87 
Album:noid Nitrogen : - s 443 418 
Oxygen absorbed in 4 hours at 80? FF. - 6:10 548 
Soluble Solids. - - - - - - 89-4. 88-1 


Suspended Solids - - - - - 19-4 16-0 


Rate of loss of capacity is greater in winter than in summer. 
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(61.) Av wHat Ratr or Rates po Primary Contact Brps anp Seconpary Contact Brps. LOSE CONT ao ye 
THEIR WATER-HOLDING CAPAcITy (continued). REDS. 
22462 Mr. Valentine (Oldham): At Oldham, the capacity of the beds when first filled is 56 per cent. Tne loss 
of capacity in various beds is shown as follows :— 
Time in use. Capacity of bed 
7 years 19 por cent 
53 > ‘ 19 9 
ee yr 
43, 223 
3 4 29, 
2} 9 30 99 
eae 35, 
i 36 ie 
ae AVG Yard: 
22802 Mr. Fowler (Manchester): Experimental Beds A, B, C. 


Empty capacity, about 10,000 gallons. 


A B 6) 
5ta year. 5th and 6th year. 5th year. 








Capac'ty in Canec‘ty in Capacity in 
(  Gallon3. Gallons. Gallons. 
May, 1903 - : - - - 2,350 2,600 2,200 
December: 1903 + - - - 2,320 2,640 2,260 
March, 1904 - - - - - 2,140 2,370 2,060 





Half-Acre Beds. 
Initial Capacity, 200,000 gallons, or 44 per cent. 











ae Capacity in Percentage of 
Gallons. empty tank. 

Bed No. 1a. 

June, 1993 = - - e 132,320 29-1 

October, 1903 : = 4 128,800 28°3 

December, 1904 = =- - - 96,480 21-0 
Bed No. Il. 

November, 1903 - - : 126,300 27°8 

June, 1904. - - - - 99,220 21:8 
Bed No. 8. 

January, 1904 - - - 167,340 36 8 

September, 1904 - - - 108,140 23-7, 
Bed No. 24. 

Apr1, 1903 - - - : 136,570 30-0 

~~ August, 1904 - - : : 108,750 23-9) 

February, 1905 - - - - 75,260 17-5 
Bed No. 2. 

November, 1903 - - - 137,60 30°3 

June, 1904 - Z - : 123,860 28-0 
Bed No. 3. 

July, 1903 : - < = 188,020 41-4 

Maren, 1904 - - : 2 136,320 30:0 
Bed No. 5. — ; 

August, 1903 - : > = 164,000 36-1 

Maren, 1904 - = - : 127,330 28-1 








a i 
23115-8 The ultimate capacity at which the beds can be worked economically is 20 per cent. of empty capacity. 
Beds can be worked for certainly five years, and perhaps a year or two longer, before this capacity is 
reached. 
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(61.) Av wHaT RaTE OR Rates po PrRmary CoNnTACT BEDS AND SECONDARY Contract BEDS LOSE 


















































ae THEIR WATER-MOLDING CaPAcIrTy ( continued). 
Mr. Fowler (continued) : 
Averaze of Analyses of Septic Tank Effluent treated on Manchester Beds. 
pee et oh De tl he als 
a Parts per 100,000. 
4 hours’ oxygen absorption - - <2 fe 8:20 : 
Ammon‘acal Nitrogen” - - - - 2°€3 
Album‘noi:d Nitrogen . - - - 37 
The average suspended matters amounted io 10-0 par:s per 100,000, of which 5-7 were m‘neral. 
23571 Mr. Wike (Sheffield): Typ‘cal Examples of Gauginzs of a Ist Contact Bed. 
tit Capacity in | Percen'aze capacity 
be Gallons. of empty tank. 
July, 1900 - - . - . 4,555 56°7 
December, 1900 - - - - Tits: 34:6 
5 1901 - - - - 2,1&0 271 
1902 - - - - 2,013 _ 25-0 
“4 1903 - - - - 1,518 18.9 
: After turning mater’al completely ojver. 
February, 1904 - : - - 2,088 26°0 
December, 1904 _ - - - - 1,971 24°5 
April, 1905 - - - - - 1,712 21:3 
Typical Examples of Gauginzs of a 2nd Contact Bed. 
Capacity in | Percentage capacity 
= ges Gallons. of empty tank. 
August, 1900 - - - - 4,320 54-1 
December, 1900 - - - - 4,021 45-1 
| as 1901 - - - - 3,408 38:2 
March 11th, 1902 - - - - 3,344 37°5 
» 18th, 1902 - - - - 2,611 40°5* 
December, 1902 - - : - Sra 36-2 
es 1903. - . - - 3,118 350 
es 1904 - - - . 2,790 31:3 
April, 1905 - - - - - 2,627 29°5 
* Material having been completely turned over. 
26039 Messrs. Willcox & Raikes: Experimental contact beds at Fanley working at rate of about four fillings 


a day for two years have become clogged. 


135 


(62.. ON WHAT DOES THE LOSS OF CAPACITY IN CONTACT, BEDS DEPEND. CONTACT. 
BEDS. 


Interim Report: Vol. II. (Cd. 686) 1902. 


"2134-7 Mr, D. Cameron: Reduction of capacity undoubtedly due to consolidation of material and formation of 
soil (caused by suspended solids in tank effluent) on immediate surface. Thinks it probable that there 
is also formation on material below surface. 


3064-7 Mr. Dibdin: Suggests that reduction is caused principally by retention of water in the material (refers 
especially to coke). 


7 63 Col. Harding : Loss of capacity apparently due to following causes :— 


(1) Admission of sand, coal dust, and road detritus into bed. 
(2) Degradation of material. 

(3) Consolidation of material. 

(4). Excessive amount of organic solids passed on to bea. 


(5) Presence in sewage of matters (other than sand and road detritus) which cannot be reduced by 
bacterial action. 


(6) Retention in bed of mineral solids originally in solution, but which are brought into suspension 
by oxidising action of bed. 


Fifth Report: Appendix I. 





20784 Messrs. Raymond Ross & Pickles (Burnley) : 


(a) Formation of gelatinous matter on surface and in material of bed. 
(0) Non-destructible suspended matter carried into bed. 


(c) Disintegration and consolidation of material (accounts almost entirely for further loss of 
capagity after bed has once matured). ~- 


(d) Accumulation of irreducible humus. 


20978-9 The use of fine material which will not disintegrate ‘s of great importance. 


21156 Mr. Bolton (Heywood) : 


(a) Beds treating precipitated sewage. Loss of capacity due to gelatinous growth. Restored by 
resting. 


(b) Beds treating septic tank liquor. Loss of capacity due to solid matter passed on to bed. 


wai), Mr. Kershaw (Rotherham): The loss of capacity is in proportion to the volume of liquid treated and the 


amount of suspended matter it contains. Proportion of inorganic matter in suspended matter is algo 
of importance, and the grade of the material. 
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CONTACT ¢ 
BEDs. (62.) ON WHAT DOES THE Loss OF Capacrry In Contact BEDS DEPEND (continued). 


ms 





21666 Mr. Campbell (Huddersfield) : Varies directly with the amount Perey oe ae the ha Se ee 
but not in any fixed proportions. Fineness or-coarseness of material makes a erence, and loss is also 


due to degradation and consolidation ef material. 


22016 Mr. Harrison (Leeds): The rate of loss of capacity is— 


(a) In proportion to the amount of suspended solids in liquor treated. 
(b) In inverse ratio to the amount of rest given. 
(Lhe above is a general statement and is not intended-as numérically acourate.: -22155-9.) 0.8. 


(c) Is greater in winter than in summer. 


The loss of capacity is due to— 


(1) Admission of indigestible matters into the body of the filter. 

(2) Breaking down of the bed material. 

(3) Consolidation of the bed material. 

(4) Formation of a form of organic earthy matter akin to humusin body:of filter.’ <i>. 
(5) Large amount of water retained in spongy deposit round material. 


22463 Mr. Valentine (Oldham). Difficult to say... Suggests two factors-as-important,‘viz.; the deposition of very 
fine suspended matter in solution, and the disintegration and settlement of the material.) 


tee Dr. Wilkinson (Oldham): The loss of capacity is in direct proportion to— 


(a) The volume treated and the amount of suspended solids. 
(b) The fineness of the filtering material. 
(c) The liability of the material to disintegration ; insufficient draining of the bed also causes 
clogging. 
=20es Disintegration of material is an important factor. 


22803 Mr. Fowler (Manchester) 


(2) Settling together of material. 
(b) Growth of organisms. 
(c) Impaired drainage. 

(d) Insoluble matter entering bed. 
(¢) Breaking down of material. 


23572 Mr. Wike (Sheffield): Amount of suspended solids is an important factor ; but there are other considera- 
tions (not specified). 


Net loss in capacity does not seem to be in direct proportion to volume treated. 


3116 


24292 


26089 
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(62.) ON wat DoEs THE Loss oF Capacity IN ConTact BEDS DEPEND (continued) 


Mir Houorth (Sheffidd): In addition to purely mechanical causes, and the effect of undigested solids, the 
growth of the gelatinous coating on surface of bed contributes to reduce capacity. 


Mr. Wilkinson (Manchester): The volume treated, the amount of suspended solids, and the grade of material 
are factors of importance. . 


Messrs. Willcox & Raikes: Loss of capacity depends on quantity of suspended or colloidal matter in 
tank liquor and on size of filtering media. Suspended matter will pass through with filtrate if bed 
8 filled with large sized material. 


~~ 


62% 


5 —Ap. IL. 5 


b 


CONTACT 
BEDS, 


CONTACT 
BEDS. 


1798-9 


2086 


3813-9 
(8982 


7063 


7064* 


20786 


20978-9 


21028 


21157* 


21473 
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(63.) HOW CAN THE CAPACITY OF CONTACT BEDS BE BEST MAINTAINED, 





Interim Report: Vol. II. (Cd. 686) 1902. 


Mr. Santo Crimp: Té choking due to organic matter, resting would suffice. 


Mr. D. Cameron (Exeter): Attaches importance to thoroughly draining beds. 


Mr. Dibdin: Sufficient periods of rest for restoring capacity ; and it is advantageous to keep out road detritus, 
coal washings, and the like. 


Col. Harding : Important to exclude sand, coal dust, and road detritus, and also fibre and certain vegetable 
matters. Material should be of very even size to prevent consolidation as far as possible. 


Capacity of beds at Leeds was maintained to a certain extent by frequent rests, and reduction of work. 


Fitth Report: Appendia I, 





Messrs. Raymond Ross & Pickles (Burnley) : . 


(1) By efficient drainage. 

(2) By use of fine material which will not disintegrate, 

(3) By filling beds quietly and evenly, and keeping out suspended matter as far as possible. 
(4) By allowing periods of rest. 

(5) By keeping surface in good order. 


Also by removing the material, screening, washing it, and putting it back. 


Mr. Bolton (Heywood): By regular periods of rest, and by placing layer of fine rnaterial on surface to be 
replaced as it gets choked. 


Mr Kershaw (Rotherham) : 


(1) By keeping down amount of suspended solids. 

(2) By not overworking. 

(3) By thorough draining off. 

(4) Complete rest as often as possible. 

(5) Forking over orjoosening of surface should be done carefully, so as not to disintegrate material. 
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(63.) How can Tue Caraciry or Contact Brps BE BEST MAINTAINED (continued). 


21668 Mr. Campbell (Huddersfield) : 
(1) By keeping down amount of suspended solids in liquid. 
(2) By use of fine layer of material on surface which can be removed and renewed 
(3) Use of material which will not readily disintegrate. 
(4) Frequent resting. 
22022 Mr. Harrison (Leeds): By removing suspenaed matter from liquid going in to bed. Good results have 
also been obtained at Leeds by covering bed with layer of very fine coke breeze to a depth of six inches. 
Experience shows, however, that sooner or later material must be washed or renewed. 
22465 Mr. Valentine (Oldham): Use of hard vitrified material would prevent any loss through disintegration ; 


but can suggest no means of maintaining the capacity of the bed to a reasonable degree. 


22805 Mr. Fowler (Manchester) : 


a) Bed should be worked very slowly at first for settlement and formation of bacterial growth. 
(6) Bed should not be worked fully until analysis shows the presence of surplus oxygen. 
(c) When capacity is found to be rapidly decreasing, a period of rest should be given. 
(d) Long periods of rest should be avoided in winter. Without the heat of sewage, activity of 
organisms decreases. 
(e) Insoluble suspended matter should be retained on surface by layer of fine material not more 
than 3 inches deep. 


23514 Mr. Wike (Sheffield) 
(1) Interception of suspended solids as far as possible. 
(2) Lining of distributing channels with fine material, and frequent cleansing of channels. 
(3) Period of rest given to bed when capacity falls of. 


23617 6 Mr. Haworth (Sheffield): By watching analytical resuits carefuily, so that proper periods of rest can be 
given. 
24294 Mr. Wilkinson (Manchester) : 


(a) By allowing ample area, especially in primary beds. 

(6) By reducing suspended solids in tank liquor to a minimum. 

(c) By maintaining a fairly fine surface and giving constant attention to removal of deposited 
matter from surface. 

(d) By regularity in resting perjods. 


26092 Messrs. Willcox & Raikes: By selecting material that will not disintegrate and working beds at a uniform 
rate not exceeding two fillings a day. 


6225.—Ap. IT. g 2 


CONTACT 
BEDS. 
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(64.) CAN THE MATERIAL OF A GLOGGED BED BE WASHED, AND, IF SO, HOW, AND 





NTACT 
BEDS, AT WHAT COST PER CUBIG YARD. 
Fifth Report: Appendix I. 

2785 Messrs. Raymond Ross & Pickles (Burnley): Yes, without difficulty, by means of a rotary screen. Apart 
from capital outlay (£280 at Burnley), the whole cost at Burnley was at the rate of 1s. per cubic yard. 

Washed material is far better than new material (21023). Twelve months’ experience of washed 
bed (21024). ; 

2017-20 Cost of renewing material of bed probably about 4s. per cubic yard. 

21157 Mr. Bolton (Heywood): Yes, by passing material through revolving screen with a supply of water. Thinks 
that this would cost 2s. per cubic yard, but apparently has had no personal experience of this method 
of washing. 

21472 Mr, Kershaw (Rotherham): No experience ; but thinks washing possibie. 

21.667 Mr. Campbell (Huddersfield) : Yes, but cost is prohibitive. Finds that the cost of washing is 4s. 6d. per 
cubic yard (21852). 
22017 Mr. Harrison (Leeds): Has washed 1,020 cubic yards by hand labour at a cost of 2a. 5d. per cubie yard. 


With mechanical apparatus, cost should be very considerably reduced. 


22684-7 Dr. Wilkinson (Oldham): Thinks it practicable ; but has had no experienc 


Seats Mr. Fowler (Manchester): Yes, easily, by means of an elevator working in a sump through which effluent 
runs and into which the clogged material is tipped. This is done at Burnley at cost of ls. per cubic 
yard, exclusive of capital cost of plant. 


28578 Mr. Wike (Sheffield): Only had shght experience of washing and that by hand. Washing on a large 


scale could probably be garried out within practicable limit of cost. 
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(64.) CAN THE MATERIAL OF A CLOGGED BED BE WASHED, AND, IF SO, HOW, AND AT WHAT CosT PER 
CuBic YARD (continued). 


)L Messrs. Willcoz & Raikes: Yes, by means of a water jet working with a good pressure. line material 
may require to be removed for washing. Cost of removing, washing and replacing should not exceed 
ls. per cubic yard exclusive of cost of water, for which, however, filtered effluent might be substituted. 
(See also 26319-21.) 


CONTACT 
BEDS. 
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T BED INSTALLATION PER AORE, AND AMOUNT OF LIQUID 


( NTAC 
BEDS. Sie hes E PER TWENTY-FOUR HOURS 1N ORDINARY TIMES AND IN 


BEDS. TREATED PER ACR 
STORM TIMES. 


Interim Report: Vol. II. (Cd. 686) 1902. 





2188 Dibdin: First contact bed at Sutton was merely a hollow in the natural ground, drained and filled’ 
with coke, etc. The area was one-tenth of an acre, depth 3 feet, and cost less than £100. The cost 
of corresponding fine bed was estimated at £120, total £220. This gives a rate of £2,200 per acre for 


double contact. 
If beds were increased to 5 feet in depth, estimated cost would be £3,400 per acre (double contact). 
Another bed at Sutton was constructed by Surveyor at cost of £726 per acre. 
The 3-feet beds above referred to are capable of treating 77,300 gallons per day or at the rate of 
773,000 gallons per acre per day. 


Fifth Report: Appendix I. 


20795 Messrs. Raymond Ross & Pickles (Burnley): £1,300 per acre. Amount treated by double contact on 
beds 3 feet deep is 217,800 gallons per acre per day. 


21165 Mr. Bolton (Heywood): Single contact beds: Cost works out at £21,240 per acre ; but only 1,340 sq. yards. 
21291 are constructed, and this is of very elaborate and unnecessarily costly construction. 

Tank liquor treated at rate of 822,800 gallons per acre per day. 

Storm sewage not more than 1,097,000 gallons per acre per day. 

Depth: 3 feet. 


21674 Mr. Campbell (Huddersfield): £1,700 per acre. 
acres 
Area required to treat 1,000,000 gallons in ordinary times’ - . - - 2°20 
» ” ” 2» ‘SLOITT 5, : 2 ‘ “ey 


(On the basis of double contact with heds 34 feet deep.) 


read Mr. Valentine and Dr. Wilkinson (Oldham): ‘The beds have worked at the rate of about 350,000 gallons: 
per acre per twenty-four hours during the years 1903 and 1904. Beds rarely filled more than twice 
a day. 
The cost of the beds was from £1,000 to £2,000 per acre. 
The system is single contact, and average depth of beds is 3 feet. 


22814 Mr. Fowler and Mr. Wilkinson (Manchester): Cost of beds, £2,650 per acre. 


24295 
Amount treated: About 400,000 gallons per acre ordinarily; as much as 1,000,000 gallons 


in very wet weather. 


Single contact : depth of beds, 3 feet 4 inches. 
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(65.) Cost or Contract Bep InsTaLLATION PER ACRE, AND AMoUNT OF LIQUID TREATED PPR ACRE PER 
TwENTY-FrouR Hours tn OrpinaRy TIMES AND IN Storm Trmzs (continued). 





9 Mr. Wike (Sheffield): About £4,460 per acre. (Estimate of cost of new beds.) 


1 Messrs. Willcox & Ratkes: Experimental contact beds at Hanley cost about £4,500 per acre; were 3 
feet deep and were worked at a uniform rate of four fillings per day, double contact. The amount 
treated was at the rate of 225 gallons per cubic yard per day in each bed, which equals 1124 gallons 
per cubic yard calculated on the capacity of the two beds together. (£4,500 per acre not to be regarded 
as representative of the usual cost of contact beds; a cheaper form of construction was adopted for 
the Hanley experimental beds than would ordinarily be the case for permanent beds (26184). ) 


CONTACT 
BEDS, 





CONTACT 
BEDS. 


21161 


21671 


22470 


22810 


23620 


26097 
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(C6.) TO WHAT EXTENT IS THE ORGANIC MATTER OF THE SUSPENDED SOLIDS IN A CON- 
) TACT BED EFFLUENT DIFFERENT FROM THE ORGANIC MATTER OF THE SUSPENDED 


SOLIDS GOING INTO THE BED. 


Fifth Report: Appendix I. 


Mr. Bolton (Heywood): Solids leaving bed are granular and settle quickly: solids going in do not settle 
rapidly, are more gelatinous in appearance, and keep in suspension. 


Mr. Campbell (Huddersfield): Solids coming out of the bed are usually non-putrescible. 


Mr. Valentine (Oldham): No data as to chemical difference; but there is a distinct difference in physicat 
characteristics. Suspended matter from tank is flocculent and coarse, generally black, and of a 
putrescent nature: that from filter is very fine and generally not putrescible. 


Mr. Fowler (Manchester): More granular and less colloidal: contains much organic life. (Further in- 


vestigation needed). 
—_ 


Mr, Haworth (Sheffield): No analysis made, but solids are usually less putrescible and frequently at Sheffiele 
consist largely of iron hydroxide. 


Messrs. Willcox & Raikes: Analyses show that the chemical composition of the suspended solids entering 
and leaving the beds is practically the same. 
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(67.) IS THE FIRST FLUSH OF EFFLUENT FROM EITHER SET OF CONTACT BEDS jEVER 
PUTRESCIBLE. 





Interim Report : Vol. II. (Cd. 686) 1902. 





Col. Harding : First flush from second contact beds would always contain putrescible solids. 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burxley\: From primary beds, generally putrescible ; from secondary 
beds, practically never putrescible. 


Mr. Bolton (Heywood): Yes. 


Mr. Campbell (Huddersfield): From primary beds, probably always putrescible; from secondary beds, 
generally non-putrescible. : 


Mr. Valentine (Oldham): Yes; this is generally the case, especially where strong tank effluents are treated. 


Dr. Wilkinson (Oldham): Yes. 


* 


Mr. Fowler (Manchester): Yes. 


Mr. Wike (Sheffield) : Slightly putrescible at times from first beds. 
6225--Ap. II. 7 
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(68.) WHAT IS THE ACTION OF CONTACT BEDS WHEN FULL AND WHEN RESTING. 





Interim Report: Vol. II. (Cd. 686) 1902. 





Mr. Dibdin: In empty bed, “ the undestroyed portion of organic matter is vigorously attacked by the 
organisms under the most favourable circumstances of combined dampness and air supply, and the 
bed is thus prepared for a further change.” -: 


Dr. Rideal: During “ resting full’? periods, changes are really anaerobic: during emptying and resting 
empty periods, the aerobic bacteria are at work. 


Nitrates present in effluent from Exeter bed were formed during the periods of rest. 





Fifth Report: Appendix I. 





Mr. Bolton (Heywood) : Gives following average analyses— 
Continuous flow Continuous flow 
after filter has after filter has had 


Tank liquor. been run off. period of rest. 
Oxygen absorbed (4 hours test) - 2°00 1°31 0-87 
Ammoniacal Nitrogen - - - 2°29 1°95 115 
Albuminoid Nitrogen - - - *42 28 *26 
Nitric Nitrogen - - - - Nil. Traces vith 


Mr. Harrison (Leeds): Generally speaking, the solids left in the bed are oxidised when bed is resting empty, 
“# liquid impurities are oxidised when the bed is full. This is inferred from the general facts gathered 
(22164). . 


Mr. Valentine (Oldham): Comparative analyses show that oxidation and nitrification more readily take 
place near the top than near the bottom. Best condition for working, having regard to purification, is 
to have liquid showing through uppermost layer of material. 


Mr. Fowler (Manchester) : 


(1) Long contacts with new beds show that much impurity may be removed simply by physical 
effect of contact. 


(2) Absorption of oxygen and proportion of carbon di-oxide by gelly-like humus from beds shows 
active oxidation during rest. 


(3) Nitrates are formed during rest and are partly used up im oxidising organic matter during 
period of standing full. 
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{69.. WHAT ARE THE CONDITIONS OF AERATION OF CONTACT BEDS. 





Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Only get satisfactory results when distribution is good and 
moderate periods of rest are allowed for aeration. 


Mr. Valentine (Oldham) : Best results obtained by affording all possible means of access of air. Has found 
that vertical vent. pipes at the upper ends of the drains at bottom of bed aids aeration. Valves 
should be fully opened during period of rest. 


Mr. Fowler (Manchester): Has never found any serious deficiency of oxygen except when bed was over- 
worked. Bed recovered rapidly on resting. 


Messrs. Willcox & Raikes: When bed is emptied the interstices are charged with air, but no circulation 
can be observed during period of rest. 
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(71.) WHAT ARE THE BEST FILTERING MATERIALS FOR PERCOLATING FILTERS, PERCO- 


AND WHAT SIZE SHOULD THE MATERIAL BH. ATA 





Interim Report: Vol. II. (Cd. 686) 1902. 





Cot. Ducat: Very hard vitrified cinders or clinker, or clean pebbles or other clean rough material of suitable 
size that will form a good nidus for microbes and will not readily disintegrate. Has tried both cinders 
and pebbles with good results (2231-3). 


Size: about $ to 1 inch for upper part of filter, and about 4 inch for bulk of it, with material 
about 1 inch in size for drainage layer at bottom. Made large number of experiments with different 
size material from 3 inches downwards (2304-6). 5 aE Sapien oe oy yaa 





Mr. Garfield (Wolverhampton): As a result of large number of experiments with different materials, finds 
that coal is the best filtering medium. 


Size : 7. inch cubes for top layer ; 4 inch cubes for remainder. 


Dr. Barwise: Experiments with filters constructed of coal, coke, and destructor breeze, respectively, show 
that coal gave best results. Filters had been working about eighteen months. 


Size: Coal used w s hard and was $inch to 7's inch in size. Soft coal should be large: 


Mr. ('. J Whittaker (Accrington): Size is the important thing, not the nature of the material. It should 
be about 14 inches to 2 inches in size. Coke was found to give the best size. 


Mr. F. Candy: Claims that polarite is the best filtering material, owing to its being porous in every 
direction. 


Col. cee : In dealing with Leeds crude sewage, best results were obtained by using very coarse material 
coke), 


Alderman Hibbert (Chorley): Chorley filters are made of polarite and sand. Has experimented with coke 
breeze, coke, and gravel, and finds that the polarite filters give the best results. 


Polarite approximates in size toa}inchcube. Mechanical action of filter depends on size of material. 


No disintegration in the polaritz. 
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(71.) War ARE THE BEST FILTERING Marertiats FoR PercoLaTiInG FILTers, AND WHAT SIZE SHOULD: 
THE MATERIAL BE (continued). 


Fifth Report : Appendix I. 


Mr. Bolton (Heywood): Well-burned destructor and furnace clinker of size from 4 inches to 2 inches. 


Mr. Campbell (Huddersfield): A good hard clinker which will expose a good filtering surface. The material’ 
should be fairly coarse, say, material rejected by 14 inch mesh. ‘ , 


Mr. Harrison (Leeds): Coke, broken bricks, or any material which is not liable to disintegration. 
Material of not less than 3 inches in diameter is a useful size. The solids should be able to pass through. 
gradually and appear in the filtrate. 


A percolating filter of coarse material 


_not readily liable to degradation will work for almost an. 
indefinite period. ‘ 


Mr. Fowler (Manchester): Hard furnace clinker found to be the best material at Manchester. Broken: 
Staffordshire bricks, broken “ saggers,”’ gravel, and the like, should do equally well. Vitally im- 
portant in a percolating filter that there shall be no breaking down of the material with consequent. 
formation of inequalities in the distribution ; for the same reason all fine dust must be carefully 
removed, 


Experiments at Manchester extending over several years showed that with the same liquid, purifica- 
tion increases directly with the fineness of the material. The following Table gives comparative: 
analytical figures : 

PrRcoLaTING Fryers dealing with Manchester Open Septic Tank Effluent. 
Analytical Results. 
Showing effect of size of material on filtrate obtained : 


1. Material anything above 3-16 inches. Very little coarse. 
2. Material passed through 2-inch mesh and rejected 4-inch mesh. 
3. Material larger than 2inches. 














a 1 2. 3 

4 Hours’ Test. -\: )<,./ |.) 2°70 3°80 4°63 
Ammoniacal Nitrogen - - - - - 1°69 2°41 2°98 
Albuminoid Nitrogen oo Sy "15 “21 "22 
Nitrous Nitrogen - - - - - ‘06 "05 "02 
Nitric Nitrogen - - - - - - 83 18 ‘O7 
3 Minutes’ Oxygen Test - - - - - 1°36 2°36 2°53 
3 Minutes’ Oxygen Test (after incubation) - 119 2°86 3°29 
Putrescibility — - = c s = 23/73 264/40 35/38 
Chlorine. -9) = - : = : “ - — -- 18°6 
A pave amount dealt with per cubic yard per 130 gallons. 94 gallons. 75 gallons. 
Depth of filter - - - - - - - 3 feet. 3 feet. ) 6 feet. 


ee ee ee 


ae 


Mr. Carter Bell (Salford): Clinkers, 7sth to } inch. (Has tried various materials: 23328.) - 


153 


(71.) WHat ARE THE BEST FintTERING MATERIALS FOR PERCOLATING FILTERS, AND WHAT SIZE SHOULD 


THE MATERIAL BE (continued). 


24439 (p, 576) Dr. Reid: Any hard non-friable material of irregular shape and not too smooth and not liable to disinte- 


24526-71 


25004 


25 343 


25776-7 


26105 


26178 


grate is suitable. Instances gravel, shingle, granite, blue bricks, saggers, clinker, coke, coal. Finds 
that most effective size is } inch to } inch, but it is more economical to provide larger particles (4 inch 
to 4 inch) for body of filter, the top layer to a depth of 9 inches to 12 inches only being formed of 
the smaller particles. 


Important to have fine material on top. This arrests suspended matter which is digested in the 
top layer. Instances Burslem, where 32 parts per 100,000 are sent on to filter, yet only one part 
comes out in filtrate. There is no choking of the filter, or any appreciable accumulation on surface. 
Filter been working five years. 


See also 27075 as to experiments at Hanley 


Messrs. Watson & O'Shaughnessy (Birmingham): In order of merit—granite, broken bricks, selected 
slag, gravel, furnace clinker. 


Hardness is the essential qualification (25418-9). 
Most suitable size can only be determined after prolonged and exhaustive tests. 


Suggest as fol'ows:—Top 9-12 inches—}-inch to 1}-inch cubes. 
Next 12 inches—3 inch cubes. 
Remainder of depth—2-inch to 3-inch cubes. 


Advantage to make filters coarse enough to allow undigestible matter to pass through. 


Mr, F. Scudder : Material must not be fine. Filter must be so constructed that suspended matter not 
liquefied or changed into gaseous form will pass out with effluent. Fine material also is apt to result 
in a slimy growth which gets well down into the filter (25782-4). 


Messrs. Willcox & Raikes: Best material is crushed saggers, and for this material the most suitable size 
is from } inch to 4 inch. Good results also obtained with clinker, gravel, granite, slag, and blue 
brick. Best size for different materials varies considerably, the object being to regulate the size of 
the interstices rather than the lumps of material itself (26184). 


Important to use local material wherever possible, owing to heavy cost of carriage. 
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{72,.) WHAT DEPLH SHOULD A PERGOLATING FILTER BE. 





Interim Report: Vol. II. (Cd. 686), 1902. 





Col. Ducat: Depth may vary according to nature of sewage and amount of purity required. 


Depth of 5 feet would suffice where filtrate is discharged into tidal waters ; 8 feet would be sufficient 
for inland rivers; but 10 feet or more should be given if filtrate is to go into small drinking water 
stream. No experiments to prove this ; it is only a pious opinion (2335-7). 


J. Garfield (Wolverhampton) : Depth should be 5 feet where possible. (Refers to coal filters.) 


Mr. C. J. Whittaker (Accrington): Principal action takes place in upper 3 feet of material ; but it is necessary 
to have extra depth to balance irregularities in filter. Accrington filters are 9 feet deep. 


Lifth Report: Appendix I. 





Mr. Bolton (Heywood): Has tried 3-feet and 8-feet beds. The former sufficient for weak tank liquors 


(under 3 parts per 100,000 in the four hours’ oxygen absorbed test and under ‘2 parts per 100,000 albu- 
minoid nitrogen.) 


8-feet bed always gave satisfactory filtrate (i.e., within Mersey and Irwell standard). 


Mr. Campbell (Huddersfield): Experimental bed at Huddersfield is 7 feet deep, and usually gives about 
90 per cent. purification. 


a r. Harrison (Leeds): Depth should vary according to amount of solids in liquor, e.g.— 


(a) With screened sewage containing an average of 57 parts of suspended 

matter - - - : - . - - - - - ,- 10 to 12 feet deep. 
(6) With septic tank liquor-or settled sewage containing about 15 to 17 

parts of suspended matter - - - - - - - - 8 to 10 feet deep. 
(c) Liquid containing a small proportion of suspended matter such as well 

precipitated sewage eo aes Pi mtee ane - - - : - 5 to 6 feet deep. 


(The above view founded on actual experiments with sewage containing varying amounts of solids : 
22169.) 


Sees, filters may be used if suspended matters are further reduced, or perhaps if rate of flow 
is reduced. 


Does not think crude sewage could be successfully treated with much under 7 or 8 feet depth, even 
with a very reduced flow. 


es 4 
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(72.) WHAT DaetH sHOULD A PERCOLATING FILTER BB. (continued). oat PERCO- 
LATING 
FILTERS, 
23237 Mr. Carter Bell (Salford): 5 feet. 
23330-1 Comparative experiments with 5-feet and 8-feet filters showed that the deeper filter gave a better 
filtrate on the average ; but he does not think the result warrants the extra expense. 
23406 Broadly speaking, at the same rate of flow, better results are obtained from a deeper bed. Has 
experimented with beds from 1 to 5 feet deep. 
15522-3 A 3 feet 6 inch filter did not give sufficient purification to warrant its adoption. 
Third 
cork: 
Vol. II.) 


24432 (p.676) Dr. Reid: Efficient depth is 5 feet, for ordinary sewage. This depth would probably not suffice, however, 


24646 for brewery sewage or for sewage containing large amount of tannery waste. Not desirable to have 

filters exceeding 5 or 6 feet indepth. Better to provide two shallow filters than one deep bed, if 
27075 unusually prolonged filtration is necessary. See, however, later evidence at 27075 as to experiments 
Hee: at Hanley, which tend to show that where fine material (¢ inch) is used the great bulk of the work 


is done by the top foot of the filter. Thinks it practicable to reduce depth of filter to 2 feet 6 inches. 


25005 Messrs. Watson & O'Shaughnessy (Birmingham): Minimum depth, 5 feet: 6 feet depth preferable. A 
= secondary filter should be deeper than primary filter. 
26106 Messrs. Willcox & Raikes: Exellent results obtained at Hanley with filters 5 feet deep preceded by 


septic tank. Samples of effiuent taken at depth of 14 inches from surfaces showed purification of 
90 per cent. as measured by albuminoid ammonia, and 89 per cent. by oxygen absorbed. These good 
results are largely attributed to efficient distribution (26184). Samples of effluent were taken at 
depths of 1 foot, 2 feet and 3 feet and it was found that very little purification remained to be done 
after first foot. This conclusion is based on a large number of observations (26189-26201). £4 


Generally the most efficient depth for filters must be determined experimentally for each case._ 
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ESIRABLE THAT SEWAGE SHOULD BE SUBJECTED TO SOME 


RALLY D 
(18) 2s LE CENe E IT IS PUT ON PERCOLATING FILTERS. 


FORM OF TANK TREATMENT BEFOR 





Interim Report: Vol. II. (Cd. 686) 1902. 


=~ 


Mr. Santo Crimp: Preliminary settlement desirable (result of twenty years’ experience). 


Mr. J. Garfield : With coal filters there must be some preliminary process for removal of suspended solids. 


Mr. C. J. Whittaker : From exzerience at Morley considers that fresh sewage cannot be treated by thes 
filters; tank treatment necessary. 


Mr. F. W. Stoddart: Yes. 


Colonel Harding: Thinks it practicable, with a very coarse filter, such as the one at Leeds, that Leeds crude 
sewage can be dealt with without any antecedent treatment but screening. 


In the case of domestic sewage, preliminary tank treatment would seem to be necessary. 


Mr. G. R. Strachan: Preliminary removal of solids is desirable, though not essential, 


Third Report: Vol. II, (Cd. 1487) 190%. 





Mr. J. Corbet (Salford): Efficient precipitation in tanks is a first essential. Roughing filters are also 
of importance. 


157 


(73.) Is IT GENERALLY DESIRABLE THAT SEWAGE SHOULD BE SUBJECTED TO SOME FORM OF TANK TREAT- PERCO- 
MENT BEFORE IT IS PUT ON PERCOLATING FILrers (continued). Pri e: 


Fifth Report: Appendix I. 


170 Mr. Bolton (Heywood): Yes. 


80s Mr. Campbell (Huddersfield): Yes. 


025 Mr. Harrison (Leeds): Yes, suspended matter should be removed as far as possible, as a clarified liquor 
can be more easily and rapidly treated, and the absence of suspended matter in the filtrate obviates the 
necessity for further treatment. 


820 Mr. Fowler (Manchester): In certain cases, if very efficient screening is resorted to, tank treatment may 


be dispensed with. A corresponding greater provision must, however, be made at the outlet, and coarse 
material must be used. 


238 Mr. Carter Bell (Salford): Yes. 


81 Mr. Wike (Sheffield): Yes. 


32(p.576) Dr. Reid: Not absolutely necessary, if the sewage is passed through detritus tanks. Gives illustration of 


successful working of percolating filters (double filtration), after mere screening and subsidence of 
detritus. oe 


06 Messrs. Watson & O Shaughnessy (Birmingham): Yes + but preliminary treatment need not be carried far, 
as in any case the filtrate will contain suspended solids which must be removed by some subsequent 
process (25361-5). 


192-4 Mr, F. Scudder: Desirable to thoroughly clarify the effluent before putting it on the filter, notwithstanding _ 
that a further process for removing the suspended matters in the filtrate will be necessary in any case. 


07s Messrs. Willcom & Raikes: Preliminary tank treatment is essential with fine grade filters. 
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74.) IS THE MATERIAL IN PERCOLATING FILTERS BETTER DISPOSED IN THE FORM 
or TWO BEDS, TO BE FED IN SUCCESSION, OR IN ONE DEEP BED. 





Interim Report: Vol. II. (Cd. 686) 1902. 





Dr. Sims Woodhead: The system of Mr. Scott Moncrieff (succession of trays or filters) goes to show that 
the filtrate is improved with each filter. 


Mr. Scott Moncrieff: Considers that a number of trays fed successively result in more efficient’purification. 
The larger the number of trays the better the purification. wed 


—_— 


Dr. Rideal: From the comparative results submitted, witness argues that nitrification is more complete 
in the Scott Moncrieff filter than in other forms. 


Colonel Harding: Better results were obtained from a single deep bed, than from practically the same 
amount of material disposed in the form of three beds. A triple system was open to objection on 
account of the necessity for separate distributors which resulted in the cooling of the sewage (7378). 


Fifth Report: Appendix I. 


Mr. Bolton (Heywood): Better disposed in one bed. Tried two beds fed in succession, and found that,the 
second bed quickly choked up from the humus matter from first bed. 


Mr. Campbell (Huddersfield): One deep bed, an acre in extent, is required for large works 


Mr. Carter Bell (Salford): In two beds, the first used as a roughing (? straining) filter. 


' 


Reid: If character of sewage requires filtration through greater depth than 5 feet, it is better to pro- 


vide two filters; ordinarily, however, a single fine filter, 5 feet deep, gives excellent results with efficient 
distribution. 


_ See also 27075 as to experiments at Hanley, from which it is concluded that with fine grade (4 inch) 
filters depth need not exceed 2 feet 6 inches ; and where an extension of filter capacity is necessary 
it should be provided by increase of area and not increase of depth. 


Las 


(74.) Is THE MaTERIAL IN PeRCcOLATING FILTERS BETTER DISPOSED IN THE Form oF Two BEDs, To BE 
FED IN SUCCESSION, OR IN ONE Duup BED (continued) 





7 Messrs. Watson & O’ Shaughnessy (Birmingham): From point of view of quality of effluent the medium 
*) is probably better disposed in two beds. Important to note, however, that— 


‘a) Two shallow beds more costly to construct. 
(6) * Suspended solids ” from second shallow bed will not be less than that from primary bed. 


Comparative experiments have been made (25122). 


g Messrs. Willcox & Raikes: Two shallow beds give better results th 


an one deep bed of same capacity, 
owing to greater facility for aeration. 
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(75.) HOW SHOULD PERCOLATING FILTERS BE FED. 





Fifth Report : Appendix I. 


Mr. Bolton (Heywood): By means of sprinkling or spreading over the-entire area. 


Mr. Campbell (Huddersfield): By distributor which will spray liquor evenly over every unit of area of bed. 


Mr. Harrison (Leeds): Liquid should be evenly distributed, so that each unit of surface receives equal 
volume in a given time. 


Mr. Fowler (Manchester): Prefers “‘ controlled ”’ filter, 7.e., with a fine top layer (as at Friern Barnet and 
Flixton). Has found that precisely same results can. be obtained from two filters, one fed by an ex- 
pensive distributor and other by a fine top layer. 


Judges by practical experiments of his own on a small scale and by his general experience of other 
places: Friern Barnet, Flixton, etc. 


Mr. Carter Bell (Salford): By mains or jets from the roughing filters. 


-6) Dr. Reid: Essential object is uniformity of distribution, the sewage being applied in as de? a (livided 


state as possible. 


Messrs. Watson & O'Shaughnessy (Birmingham): Liquid should be distributed uniformly over entire 
surface of bed. 


Messrs. Willcox & Raikes: By distributcr which will secure uniform application of tank effluent in small 
doses at regular intervals of time. 


For descriptioa of distributor in use at Hanley see 26187. 


51 
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(76.) SHOULD THE FEED OF PERCOLATING FILTERS BE INTERMITTENT OR 
CONTINUOUS. 





Interim Report: Vol. IT. (Cd. 686) 1902 





Mr. F. Candy: Intermittent. Intermittency allows of working with a smaller head and it prevents 
’ growths in surface of filter. Short intervals of rest are most beneficial. 


Colonel Harding: Generally agrees with what is said by Mr. Candy (see above) as to the advantages of 
intermittency such as is afforded by the Candy sprinkler. 


Alderman Hibbert (Chorley): Attributes the good results at (horley almost entirely to intermittent working. 





Fifth Report: Appendix I. 





Mr. Bolton (Heywood): Intermittent. 


Mr. Campbell (Huddersfield): Intervals of rest required, and these are provided for by spreader. 


Mr, Harrison (Leeds): Continuous, if possible, especially with coarse material. (Has tried both methods, 
22172-5.) 


With the particular sprinklers at Leeds, there are irregularities in distribution which results in a 
filtrate fluctuating in quality; but, if this disadvantage could be avoided, there would be certain 
advantages in intermittence, e.g., the reduction of growths on surface of filter. 


Mr. Fowler (Manchester): Found that a continuous flow at a moderate rate, with occasional intervals of 
rest, gives better result than intermittent flushes, 


Mr. Carter Beil (Salford): Intermittent ; working 2 hours, and resting 2 hours. 
6225.—Ap. II. 
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PERCO- ‘ (76.) SHouLtp THE FEED OF PERCOLATING Fitters BE INTERMITTENT OR CONTINUOUS (continued). 


LATING 
FILTERS. 





24432 (p. 576) Dr, Reid: Continuous: resting periods being at more or less long intervals. 


25009 Messrs. Watson & O'Shaughnessy (Birmingham): Continuous while the bed is working. Filter requires 
periodical rest. (Result of careful experimental investigation over considerable period: 25124). 


26109 Messrs. Willcox & Raskes: Intermittently ; have obtained best results where one gallon is discharged 
on to each superficial yard 200 times in twenty-four hours, #.e., one dose every seven minutes. 


178 


684 


028 


822-4. 


163 


(77.) WHAT IS THE BEST FORM OF DISTRIBUTION FOR PERGOLATING FILTERS: WHAT 
ARE THE CONDITIONS OF A PERFECT DISTRIBUTOR. 


Interim Report: Vol. II. (Cd. 686) 1902. 





Mr. Baldwin Latham: Fine top layer of sand secures even distribution. (Refers to Friern Barnet filter.) 


Fifth Report: Appendix I. 


Mr. Bolton (Heywood): Revolving spreaders. Conditions to be fulfilled are :— 


(1) Uniform distribution. 5 
(2) Unaffected by wind or frost, 
(3) Work with a minimum of friction. 


Mr. Campbeli (Huddersfield): Form depends upon shape and size of filter. A good distributor should 
fulfil following conditions :— 


(1) Uniform distribution over entire surface of filter. 
(2) Liquid should be sprayed in small jets or as fine rain. 
(3) No small holes to get clogged. 

(4) No complicated mechanism. 

(5) Not affected by high winds or frosty weather. 


Mr. Harrison (Leeds): Best form is by means of sprinklers. The distributor should :— 


(a) Deliver liquid in a continuous stream on to the surface within wide limits of volume per unit 
area. 
(b) Rotate smoothly and easily, and not be materially affected by wind pressure. 
(c) Have exit holes on the rotating arms large enough to pass particles of growth. 
(d) Admit of ready cleansing of the interior of the arms. 
Tipping troughs, fixed troughs, and tray methods are open to the objection that with rates of 
flow such as 200 galls. per sq. yard they are very liable to freeze in winter. 


‘ 


Mr. Fowler (Manchester): Prefers a “ controlled’: filter of the type at Friern Barnet and Flixton, ¢.e., 
with a fine top layer. This serves equally well as a filter fed by an expensive distributor. 
(Opinion based on actual comparable experiments on a small scale: 22924-6.) 


A good distributor must fulfil the following conditions :— 


(1) Equal distribution on all parts of the bed. 

(2) Not subject to stoppage by friction, wind, stoppage of holes, frost, etc. 
(3) Must never discharge more than the bed will purify. 

(4) Cost must not be in excess of work done. 
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PERCO- (77.) Waris tan Best Form or "DisTrrBUTION FoR PERCOLATING Fitters: WHAT ARE THE Con- 
LATING DITIONS OF A Purrecr DistrrBuTor (continued). 
_ FILTERS. 
23242 Mr. Carter Bell (Salford): With sufficient fall available, prefers distribution by spray jets; with limited 


fall, revolving sprinklers. 


24432(p.577) Dr, Reid: Power driven appliances, such as that at Hanley. The conditions of perfect distributor are :— 


(a) Uniform and fine distribution without exposing large surface of sewage in fine division to the 
air. 

(b) Discharge in such a manner as to achieve slowest rate of travel through the filter. 

(c) Absence of risk of freezing. 


25010 Messrs. Watson & O’ Shaughnessy (Birmingham): One of the best forms isa goodspray jet. Conditions 
to be fulfilled by distributor are: 


(1) Uniform distribution. 

(2) Distribution in form of fine rain cr drops 

(3) Distributor absolutely under control. 

(4) Not too expensive. 

(5) Few moving or working parts, 

(6) Minimum working cost. 

(7) Not much head or energy required to work distributor. 


£6109 Messrs. Wilicor & Raikes: A distributor which will secure the uniform application of tank effluent in 


smaii doses at regular intervals of time. (See also 26187). 


2187 


4168-9 


4659 


7397 


21174 


2168 


22029 


32825 
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(78.) ISTE BEST TO PUT ON A PERGOLATING FILTER A FAIRLY CONSTANT AMOUNT OF 
LIQUID, OR GAN THE AMOUNT SAFELY BE INCREASED IN TIMES OF STORM. 


Interim Report: Vol. II. (Cd. 686) 1902. 


Col. Ducat: Storm water sewage up to 2} times the normal flow can be put through the Ducat filter. 
Experience of storms at Hendon (2203-5). 


Dr. Rideal: Storm water flowing through beds quickly does not wash away the bacteria, or otherwise 
harm the bed. 


Mr. Baldwin Latham: At Friern Barnet the whole of the storm water goes on to the filters. 


Col. Harding: Increase of flow due to dilution by storm water can be passed through filter, and will 


actually be useful in preventing chokage. In storm times, the accumulation of undigestible solids 
in the beds would be washed out (7425). 


Fifth Report: Appendix I. 


Mr. Bolton (Heywood): A filter could easily deal with a large volume of tank liquor in times of storm. The 
liquor should be passed on at usual rates, but giving the filters less intervals of rest. 


Mr. Campoell (Huddersfield): Amount may be increased in time of storm without impairing the efficiency 
of the filter, and indeed with beneficial results. 


Mr, Harrison (Leeds): The rate of flow may safely be increased in storm times. With liquids free from 
suspended matter, the rate of filtration can be increased from 200 gallons to 1,200 gallons per square 
yard with impunity. (See also 21972). 


Mr. Fowler (Manchester): So far as his rather limited experience goes, thinks that the amount can be 
increased in storm times without prejudicial effect, 
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PERCO- (78.) Is if BEST TO PUT ON A PERCOLATING FILTER A FAIRLY CONSTANT AMOUNT OF LIQUID, OR CAN THE 
LATING AMOUNT SAFELY BE INCREASED IN Trgs or Srorm (continued). 
FILTERS. ; 
23248 Mr. Carter Bell (Salford): A constant amount should be applied, and this should not be increased in time 
of storm. 


Filters at Salford are tormed ot very tine material. (See 23337—44.) 


24432(p.577) Dr. Reid: A constant amount gives satisfactory results for a long period; but rate may be considerably 
increased periodically, and for a limited period, without impairment in the results. 


24041-5 Suggests that filters may be worked at three times ordinary rate for short periods. 


25011 Messrs. Watson & O'Shaughnessy (Birmingham): Best to put in a fairly constant amount of liquid; but 
quantity can be considerably increased during storm of short duration. 


26110 Messrs. Willcox & Raikes: Increase in rate of working is temporarily detrimental to results, 
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(79.) IS THERE ANY PRACTICAL ADVANTAGE IN ARTIFICIALLY HEATING THE LIQUID PERCO- 


WHICH IS BEING TREATED ON PERCOLATING FILTERS, Lae 
ILTERS, 





Interim Report: Vol. II. (Cd. 686) 1902. 


1349 Mr. C. J. Whittaker (Accrington) : One of the chief advantages is that changes in the strength of the sewage 
can be met. 
1392 Col. Harding: Filtrates from Leeds filter deteriorated in cold weather. Thinks that in the absence 


of artificial heating there would be distinct falling off in results during severe frost. This was found 
to be the case with the Accrington filter at Leeds when it was worked without artificial heating (7414-5). 


Fifth Report: Appendia I. 


1175 Mr. Bolton (Heywood): No practical advantage. 


1656 Mr. Campbell (Huddersfiedd): No. 


2030 Mr. Harrison (Leeds): No. 


3244 Mr. Carter Bell (Salford): Might be some advantage. 


4432(p.577) Dr, Reid: No personal experience; but judging from published results, does not think there is much. 
to be gained 


6111 Messrs. Willcox & Raikcs: No. 
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2276-83 


3433-4 


7359 
7446 


21176 


21687 


220381 


22827 


23245 
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(80.) ARE OPEN SIDES AN ADVANTAGE TO A PERCOLATING FILTER. 





Interim Report: Vol. II. (Cd. 686) 1902. 





Col. Ducat: There is aeration through the open sides. 


Mr. J. Garfield (Wolverhampton): Expevimented with open sides, but found it better for the air. to pass down 
through the filter with the liquid. 


Col. Harding: Experience at Leeds seemed to show that side aeration was of very little value. It was 
found with both the Whittaker and Ducat filters which have open sides that, when ee surface was 
choked, the results became very bad (7372). 





Fifth Report: Appendix I. 





Mr. Bolton (Heywood): No experiments made ; but assumes that open sides would be advantageous. 


Mr. Campbell (Huddersfield): Open sides are essential. Tried both (closed and open) under strictly co n- 
parable conditions and found better results from the open (21757). The difference was slight, however — 
between 5 and 10 per cent. better purification with the open filter (21871-21897.) Value of open sides 
becomes less as the filtering area increases (21896-7). 


Mr. Harrison (Leeds): Side aeration is not necessary. Shown by comparative observations. 


Mr, Fowler (Manchester): Apparently no advantage from open sides : aeration takes place from the top. 
Result of experiments (22975). 


Mr. Carter Bell (Salford): Yes. (No experience of his own: 23345). 
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(80.) Arg OpEN Srpes AN ADVANTAGE TO A PERCOLATING FILTER (continued). 





432(p.577) Dr. Reid: Has not found any advantage. 


455 Great nuisance from flies with open sides. No such nuisance with closed filters. 


O13 Messrs. Watson & O'Shaughnessy (Birmingham): Open sides offer some advantages; but suggests that 
the construction of filters with open sides is more costly. 


112 Messrs. Willcox & Raikes: Perforated walls may facilitate aeration near outside of bed, but no material 
advantage is derived from this in the average quality of the effluent. Very important that under- 
drains should be ventilated at both ends. 


6225.—A p. II. Y 
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PERCO- (81.) COST OF PERCOLATING BED INSTALLATION PER ACRE, AND AMOUNT OF LIQUID 
LATING TREATED PER ACRE PER 24 HOURS AT ORDINARY TIMES AND IN STORM TIMES. 
FILTERS. 





Interim Report: Vol. II. (Cd. 686), 1902. 





1641-5 Mr. Santo Crimp: Cost of rough filters at Wimbledon (formed of burnt clay) was about £1,500 per acre. 
(ASUBSEEOO) Filters treat satisfactorily 500,000 gallons of chemically precipitated sewage per acre per day. 
(In operation since 1885.) 


4858 Mr. C. J. Whittaker (Accrington): Cost about £3 per square yard (7.e., about £14,520 per acre). This 
includes cost of boilers, chimneys, pumps, sprinklers, filtering material, draining bottom of tank, © 
etc. Material, coke. Depth, 9 feet. 

4839-42 Amount treated: ordinarily, 1,936,000 gallons per acre per day. 


maximum, 2,904,000 5 me 


°° 


Fifth Report: Appendix I, 


21185 Mr. Bolton (Heywood): Estimate for beds, 8 feet deep, is £9,500 per acre. Propose to treat 643,720 
gallons per acre per day in dry weather, and not more than 1,936,000 gallons per acre in wet weather. 


21696 Mr. Campbell (Huddersfield): Cost, £2,500 per acre. 
Amount treated--Ordinary times - . : - - 1,500,000 gallons per acre per day. 
3 Storm times - - : - - - 1,880,000 » ” ” 


Depth—7 feet. 


Average analysis of effluent in parts per 100,000. 














aoe eee. in OPinery In storm times. 
weathe:. 
Nitrogen from free and saline ammonia : - - - 0°23 0-05 
Nitrogen from albuminoid ammonia - ~~ - . ep yt 0-090 0-049 
Nitrogen from nitrates and nitrites - - a 1-03 ar 
Chlorine - 3 ea Ea og 
Oxygen absorbed in 4 hours - - - : - - . | 1-29 1-00 








22038 


bil 


(81.) Cost oF PERcoLaTING Bep INSTALLATION PER ACRE, AND AmouNT oF LIQUID TREATED PER ACRE 
PER 24 Hours at OrpinaRY TIMES AND IN Storm TrmeEs (continued). 


Mr. Harrison (Leeds): All filters at Leeds are experimental. The cost of the percolating beds, 9 to 10 feet 


deep, has been about £9,000 to £13,000 per acre, according to manner of construction. 


In ordinary times, the amount treated is usually 200 gallons per square yard per day. This is in- 


creased in times of storm to as much as 1,200 gallons per square yard per day. 
Average analyses are as follows (parts per 100,000) :— 


J.— FILTER TREATING SEPTic TANK EFFLUENT AND HAVING A DEPTH OF 9 FT. 6 IN. OF 
Bep MATERIAL (19083). 




















| 
Bed Filtrate. 
Septic Tank 
Effiuents. 
Unsettléd. Sand Filtered. 
Ammoniacal N. - - - : : . - 4\- 105 "408 "374 
Albuminoid N. - . - . - - - "363 "142 ‘076 
Nitric N. - - - - - - : . — ‘993 1°06 
Oxygen absorbed 4 hrs., 80° F. - : - - 5:96 1:09 ‘734 
before - - - ~- "59 ‘29 
Incubator Test 
, after - - : : = — 61 "32 
Dissolved Oxygen absorbed in 24 hours” - - — 35 per cent. 24 per cent. 
Suspended Solids .-- -. - 4- .-)- 159 11D at 30 











No storm waters were treated on this filter. 


Il. Frmirer TREATING SETTLED SEWAGE AND HAVING A DEPTH OF 9 FT. 6 IN. (1904.) 


























Bed Filtrate. 
Settled Sewage. | 
Unsettled. Sand Filtered. 
Ammoniacal N. - - - - - See = 173 "295 | 253 
Albuminoid N. - - - - - - - 388 gy 070 
ewes oe cp sk al ra 1°27 1°428 
Oxygen absorbed 4 hours, 80° F. - : : 5°b0 1°64 | “945 
before - - - - - ( 581 "349 
Incubator Test | — J | 
(afters e ci e  | Rectabigt cu 319 
Dissolved Oxygen taken upin 24 hours -- - | cal 32°8 per cent. | 15°7 per cent. 
Suspended solids - - - - - - 12°2 12°9 | 64 





[11.—(a) Finrer 12 FT. DEEP AND TREATING CRUDE SEWAGE (SCREENED) 1902 AND 1903. 








Filter Effluent, 

















Screened 
Sewage. 
Unsettled. Sand Filtered. 
Ammoniacal N. - . “ - - - - 2°30 “721 516 
Albuminoid N. - : - - - - - ‘769 Bri 104 
Nitric N. - = = = = = = = ae 300 591 
Oxygen absorbed 4 hours, 80° F’. - - : 10°2 3°08 934 
before - . - - - -- 1:28 39 
Incubator Test 
aitipy 38 = cher aeies: oa = 2°25 46 
Dissolved Oxygen absorbed in 24 hours - — - — 71 per cent. 39 per cent. 
Rusponden wolids’”) | =<21 62) owitn yong site @ 53°2 21°0 3°5 
Ys? 





* 6225.—Ap. IL. 
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PERCO- (81.) Cost or PERCOLATING BED INSTALLATION PER AcrE, AND AMOUNT OF LIQUID TREATED PER ACRE 
LATING pER 24 Hours av O2pINary TIMES AND IN StoRw Times (continued). 


FILTERS. 





(4) SAME FILTER WHEN TREATING STORM-WATERS AT THE RATE OF 600 GALLONS 


PER SQUARE YARD. 





Bed Filtrate. 


eres | Storm Water. 
Unsettled. Sand Filtered. 

















Ammoniacal N. - ee, - - ° - 110 "422 401 
Albuminoid N. - : : - : - - 337 ‘270 O76 
Nitric N. - : - - - - ; - |: = ‘041 ‘070 
Oxygen absorbed 4 hours 80° F. - - - 7°55 4°12 "835 
Dissolved Oxygen absorbed in 24 hours - - — 100 per cent. 37°5 per cent. 
Suspended Solids - - - - - - 68°7 68°1 — 








(c) SAME FILTER WHEN TREATING STORM-WATERS AT THE RATE OF 1,200 GALLONS 


PER SQUARE YARD. 





| Bed Filtrate. 


—_— Storm Water. 
Unsettled. Sand Filtered. 








Ammoniacal N. - - - : : - - 1°36 | “700 501 
Albuminoid N. - : - - : - - "386 561 "109 
Nitrce N. - - - - - - - “4 — 014 015 
Oxygen absorbed 4 hours 80° F. - - fy: 9°01 10°0 1°00 





Dissolved Oxygen absorbed in 24 hours — | 100 per cent. 54°1 per cent. 


Suspended Solids — - - - - - = 61°5 64°0 — 











IV. (a) FILTER 6 FT, DEEP AND TREATING PRECIPITATED SEWAGE AT THE RATE OF 100 GALLONS 


PER SQUARE YARD PER 24 HOURS :—(1904). 

















Prgopiated | Bed Filttate. 

Ammoniacal N, : - Z . E : = 2°06 310 
Albumincid N. .- #2.) S008" 069 
Nitric N. - 2 : F = e k; Se H | — 1°814 
Oxygen absorbed in 4 hours 80° F. - - y ¢ - 4°14 | *698 
Dissolved Oxygen absorbed 24 hours = : 7 — 10°3 per cent. 

before - : 3 “ : : oat — 261 . 
Incubator Test | 

after  - ; ey x ae | vod . 963 
Suspended Solids - - - 2 3 ; ‘ : | 6°7 271 
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{81.) Cost or PercotaTine BED INsTALtATION PER ACRE, AND AMOUNT OF LIQUID TREATED PER ACRE 
PER 24 Hours av Orprnary TIMES AND IN Srorm TiMEs (continued). 





(6) SAME FILTER TREATING PRECIPITATED STORM-WATER AT THE RATE OF 600 GALLONS PER 


SQUARE YARD. 











‘“Ammoniacal N. 
Albuminoid N. 
Nitric N. - 








Oxygen absorbed in 4 hours at 809 F.- - 


Incubator test 


Suspended solids 


before - 


after - 





eee . Bed Filtrate. 

* se re. ‘357 

at 103 
{ a 1°93 

- 195 ab 

Pic ; a 3°10 

> “320 
bn ait 72 71 








(c) SAME FILTER TREATING PRECIPITATED SEWAGE AT THE RATE OF 200 GALLONS PER _ 


SQUARE YARD (MARCH, 1905). 











Precipitated 
Sewage. 





Ammoniacal N. 
Albuminoid N. 
Nitric N. - 


Oxygen absorbed in 4 hours at 80°F. - - - - 


Percentage of dissolved Oxygen absorbed- - - = 


Incubator Test | 


Suspended Solids 


before - 


after - 





1°68 
348 


3°00 


51 





Bed Filtrate. 


*500 


070 


581 
13% 
"21 


24 





(d) SAME FILTER TREATING STORM-WATER AT THE RATE OF 1,200 GALLONS PER SQUARE 


YARD (MARCH, 1905). 





Ammoniacal N. 
Albuminoid N. 
Nitric N. ~ 





Oxygen absorbed in 4 hours at 80°F. - - - - 


Percentage of dissolved Oxygen absorbed- - - - 


Incuvator test | 


Suspended solids 


before - 
after - 


Precipitated 
Sewage. 








ia 


71 








Bed Filtrate. 


“614 


"108 


"860 
27% 
362 
‘417 
81 


Mr. Fowler (Manchester): Manchester percolating filter very costly ; but the figures would not be a fair 
basis of comparison. 
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23254 


24432(p.577) Dr. Reid : 


24639 


25022 
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(81.) Cost oF PeRco~atinG BED INSTALLATION PER ACRE, AND AMOUNT OF LIQUID TREATED PER ACRE 
pER 24 Hours at ORDINARY TIMES AND IN Storm Times (continued). 





Mr. Carter Bell (Salford): About £5,324 per acre. Filters, 5 feet deep. 


AVERAGE ANALYSES. 











aah Es Tank effluent. Filtrate. 
Parts per 100,000. Parts per 100,000. 
4hours Oxygen absorbed - 2 - > se 47 “69 
Free Ammonia - - - ; = - 1:95 *60 
Alb. by - - - - : - - "448 °127 
N. as Nitrates and Nitrites 172 1651 
Suspended matter - 2°9 86 
. 14°1 13°6 


Chlorine - - - - - - 





Cost varies according to circumstances of different localities and to nature of construction. 
Gives figures for three installations as follows :— 

















Construction. . Tnclaaien 
Distribution. ieee wae cost 
Walls. Filter Medium. arte 
1.—Earthen embank-| Broken shingle. Body | Revolving Distribu- | Chemical £4,285 
ments, lined witb cement | Zin. particles. Top | tor. Automatic except |Precipitation. 
concrete, 5ft. 3in. deep. | layer 4in. particles. during heavy winds 
when electric power is 
used. , 
2.—Close brickwork} Broken ‘saggers’ tin.| Power driven by|Septic Tank.| £5,500 
above ground. Longi- | to $in. particles. electric motor. 
tudinal, 4ft. 9in. deep. 
3.—Entirely under} Coal. jin. to din.| Spray distribution | Chemical £4,508 
ground, without any | particles. by pipes on surface of |Precipitation. 
lining on sides or ter. 
bottom. Longitudinal, 
5ft. deep. 











The cost of No. 3 would have been considerably less had a less costly medium than coal been used. 


The maximum rate of working for a filter 5 feet deep should ordinarily be 200 gallons per square 
yard : but there must be perfect distribution. 


Messrs. Watson & O'Shaughnessy (Birmingham): Cost of Birmingham (exclusive of land) was £6,300 


per. acre. 


Volume treated per acre: 750,000 gallons per day. Depth of beds: 6 feet. 


(81.) Cost or PERcoLATING BED INSTALLATION PER ACRE, AND AMouNT OF LIQUID TREATED PER ACRE 


PER 24 Hours AT ORDINARY TIMES AND IN StoRM TIMES (con‘inued). 


PERCO- 
LATING 
FILTERS- 


Messrs. Willcox & Raikes: Cost about £5,500 per acre. 1,000,000 gallons per acre treated per day. 


Analyses of tank effluent and filter effluent :— 











Solids in Solution - 4 


Solidsin Suspension - - - - 


Chlorine - - > : : - 


Free Ammonia - - : : ‘ 
Organic Ammonia - - : : 
Oxygen absorbed in 4 hours at 80° F. - 
Nix Nitrogen 5 += - - - 








Parts per 100,000. 





Tank effluent. 








105°3 


4:4 





109°7 


87 

1°820 
270 

1°725 
‘09 





Filter effluent. 


112°4 


8°5 
‘081 
029 
‘273 

1°75 
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26113 


£7075 
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(82.) WHAT ARE THE CONDITIONS OF AERATION OF PERCOLATING FILTERS. 
Fifth Report: Appendix I. 


Mr. Harrison (Leeds): To maintain efficiency, there must be free admission of air to base of filter, and top: 
surfe ce must be kept free from growths. 


Mr. Fowler (Manchester) : 


Comparative experiments show that there is a slightly greater percentage of 
oxygen in a continuous filter than in contact bed, but difference is not considerable. 


Messrs. Willcox & Raikes: A fresh supply of air is drawn down into the bed of the filter after each dose 
of sewage is applied ; and the carbonic acid gas is drawn off at the bottom with the effluent (26235). 


Dr. Reid: Air travels through a filter from above downwards, direction of current probably being mainly 
due to percolation downwards of sewage and its more rapid flow towards effluent drains. The air 
carries down with it the products of combustion, and in the bottom layers the action is possibly 
anaerobic. 
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(83.) WHAT IS THE MOST CONVENIENT SUPERFICIAL AREA FOR A PERCOLATING FILTER. PERCO- 
LATING 
FILTERS 





Interim Report: Vol. II. (Cd. 686), 1902. 





87 Colonel Ducat: Would limit dimensions of filters to 126 feet long by 36 feet wide. ‘This would give a 
filter capable of treating 100,000 gallons a day, which might be taken as a unit. 





Fifth Report: Appendix If. 


18 Mr. Bolton (Heywood): The unit should be such a fraction of the total area that, if thrown out of work, 
the general treatment will not be interfered with. 


689 Mr. Campbell (Huddersfield): One acre. 


033 Mr. Harrison (Leeds): For large volumes, a diameter of from 100 to 150 feet. 
020 Mr. Fowler (Manchester): The unit should be such a fraction of the total area that, if thrown out of work 


the general treatment will not be interfered with. 


247 Mr. Carter Bell (Salford): With fixed sprinklers on square shaped filters, size is immaterial. 
» 

M15 Messrs. Watson & O'Shaughnessy (Birmingham): Must depend on shape and configuration of site. Large 
filter is economical, and with certain distributors can be divided into comparatively small units or 
areas, } acre maximum unit for filters fitted with revolving distributors. 

114 Messrs. Wilicox & Raikes: Large travelling distributors, such as those at Hanley, cannot conveniently 


cover more than half anacre. (See also 26230-3.) To provide for fluctuations in flow, the total area 
should be divided into units except in very small schemes. 


6225,—Ap. II. Z 
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PERCO- (4.) IS IT DESIRABLE THAT THE BOTTOM OF A PERCOLATING FILTER BE RAISED 


LATING FROM THE GROUND. 
FILTERS me 


Fifth Report: Appendia I. 


mnie Mr. Bolton (Heywood) : Yes ; important to have false floor so that humus matter can drop free from the 
filtering material, and so as to ensure better aeration for lower part of bed, 


21690 Mr. Campbell (Huddersfield): Yes, to allow effluent to pass away readily and to ensure good aeration. 
22082 Mr. Harrison (Leeds): Yes, as there must be free admission of air to base of filter. 
22057-61 Means that there must be a given air space between the base of the material and the concrete floor, 


not necessarily that the bottom of the filter must be above ground level. 


22830 Mr. Fowler (Manchester): Only so far as to ensure a perfectly free clearance for water and air at bottom. 


23248 Mr. Carter Bell (Salford): Yes. 


24432(p.577 Dr, Reid : Has found in practice no advantage in having bottom of filter above ground, 


ii 25016 Messrs. Watson & O'Shaughnessy (Birmingham): Yes, false floor and air space beneath filter absolutely 
necessary for mechanical reasons as well as for aeration. 


i 2611: ., a S . 
| 115 Messrs. Willcox & Raikes: No; but under drains should not be waterlogged. (See also 26235.) 





5-61 


7-22, 


374 


8-61 


2-4 


te 
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(85.) DO PERGOLATING FILTERS CHOKE: IF SO, HOW CAN THE OHOKING BE 
REMOVED, AND AT WHAT COST. 





Interim Report: Vol. II. (Cd. 686), 1902. 





Colonel Ducat: No accumulations in the Hendon filters after four to five months’ working with one filter 
(clinker), and eight to nine months’ with the other (coke). A coke filter, however, became choked 
owing to the disintegration of the coke (2348: 2374-5). 


Mr. Baldwin Latham: At Friern Barnet, where most of the solids are first removed by chemical precipita- 
tion, there has been no choking. 


Mr. CO. J. Whittaker (Accrington): No chokage at Accrington (experience of eight months’ day and night 
working). Filters working as freely after two years (see 5786-8). Sewage was first settled. 


Mr. W. H. Prescott (Reigate): Experimental beds worked on the percolating system with sprinklers at 
Reigate were found not to choke. Sprinkler beds were self-cleansing. ‘e 


Colonel Harding: Filter (Whittaker Bed) constructed of very coarse material (above 3 inches in size) to a 
depth of 12 inches, and for remainder of depth with material from 3 inches to 1 inch in size, was found 
after twelve months’ working to be choked through accumulation of indigestible matter. Filter dealt 
with septic tank effluent containing 13 grains per gallon of suspended solids. 


A second filter (Whittaker Bed), 9 feet deep, constructed of coarse coke to a height of 1 foot above 
the drain pipes and with coke not less than 14 inches in size for remainder, was worked successfully 
for eight months, when there was some accumulation of indigestible matter. It was found, however, 
that these solids could be worked out. Perhaps, with a filter of this kind, the accumulated solids 
would be washed out automatically during storm times by the increase in the flow. 


An experiment was tried with Ducat filter of fine material (clinker, 2 inch to inch). Crude sewage, 
after screening, was dealt with. The surface of the filter rapidly become choked. 


Filters constructed of very coarse material were found not to choke, even when dealing with Leeds 
erude sewage, as the suspended solids came through. These, however, were in a changed form and 
reduced in quantity. 


Alderman Hibbert (Chorley): The Chorley polarite filters get choked, but are washed out. 





Third Report: Vol. II.(Cd. 1487) 1903. 


~ 





Mr. J. Corbett: No trouble with Salford filters dealing with chemically precipitated effluent. Filters 
constructed of cinders of a size that will pass through holes of * inch and ? inch diameter (15437-8). 
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(85.) Do Prrconatine Finrers CHOKE: IF SO, HOW CAN THE CHOKING BE REMOVED, AND AT WHAT Cost 


(continued). 


Fifth Report: Appendix I. 


Mr. Bolton (Heywood): Has not found choking to any appreciable extent in a single bed. Any deposit 


on material can be washed out by*passing large volume of liquid on to bed. 


Mr. Campbell (Huddersfield): Properly constructed, they do not choke. Three and a half years’ ex- 
perience of bed which shows no sign of choking although in constant working. Bed is of very coarse 
material with fine layer on top. Fine surface never gets choked, and results have been uniformly 


good. 


Mr. Harrison (Leeds): Yes, with filtering material too fine or liable to disintegrate. To prevent choking 
a hard material, not easily disintegrable, and over three inches in diameter, should be used. 


From his experience would suppose that with such a material a percolating filter may go on almost 
indefinitely. 


See also Colonel Harding’s evidence. 


Mr. Fowler (Manchester): Not in his own experience, but has seen cases of choking. 


If suspended matters come through, it is possible to work filters for long periods without chokage 


2 


Mr. Carter Bell (Salford): If properly graded, beds do not choke. Refers to filters dealing with well 
settled chemical effluent (23350). 


*4432(p.577) Dr, Reid: i constructed of fine particles, and not habitually and for long periods overtaxed, there is no 


25017 


26116 


choking except what can be remedied by short rest and surface forking. 


Messrs. Watson & O'Shaughnessy (Birmingham): Toa certain extent. Top layer of media became choked 
with a viscid substance after about four to six weeks’ work. This can be removed at trifling cost by 
loosening the surface or by drying and resting for a time. 


Messrs. Willcox & Raikes: Not if properly constructed and managed 
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(86.) OF WHAT NATURE ARE THE SUSPENDED SOLIDS IN THE FILTRATE FROM 
PERCOLATING FILTERS. HOW MUCH IS ORGANIC MATTER, AND ARE THE 
SOLIDS PUTRESCIBLE APART FROM THE LIQUID. 


Fijth Report: Appendix I. 


81 Mr. Bolton (Heywood): Granular in appearance, and fairly readily settled. Contain, on an average, 52°5 
per cent. inorganic matter and 47:5 per cent. organic matter. The solid matter, apart from liquid, 
upon incubation, undergoes secondary putrefaction in from three to five days at 80°F. 


92 Mr. Campbell (Huddersfield): Solids are ee matter bead easily settle. About 55 per cent. 
organic matter. Not putrescible. 


35 Mr. Harrison (Leeds): An analysis of the sludge deposited from a continuous filter effluent gave :— 
Loss on ignition iat tats Tw Sse: HELO jper; cent. 
Sand and insoluble matter - = : 2 : : - 18°9 a 
Oxides of iron and alumina : - - : - =eSi-3 <A 


Sludge usually non-putrescent. 


See also Col. Harding’s evidence to the effect that the solids in the Leeds filtrates are usually non- 
putrescent’ (7360 ; 7366-7; 7374; 7387—Interim Report). 


32 Mr. Fowler (Manchester): Analysis of suspended solids in Manchester filtrate :— 
Moisture - - - . - - 82°29 
Mineral (mainly pride a yon) - - - . - 9°37 
Organic . - : - - : - 8°34 
Dried residue - : - - : - : - -_ = 
Nitrogen” - - - - es - - ae 79 
Carbon - - - - - - - - - - 23°04 
Hydrogen - - - - - : - - - - 3°44 


Solids putrescible apart from liquid portion. 


% 


50 Mr. Carter Bell (Salford): 10 per cent. is organic matter. It is not putrescible. 


* 
)18 Messrs. Watson & O'Shaughnessy (Birmingham): Partly mineral and partly organic: 
About 30 per cent. organic. Solids do not appear to putrefy. se 


97-8 Mr. F. Scudder: Granular and readily settled or strained off. The suspended matter is liable to putrefy 
but is much less objectionable than it was before filtration (25808-10). 
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FILTERS. 


21182 


21693 


25019 


25130 


26117 
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NIC MATTER OF THE SUSPENDED SOLIDS IN 


i AT EXTENT IS THE ORGA 
Or) ERCOLATING FILTER EFFLUENT DIFFERENT FROM THE ORGANIO MATTER 


OF THE SUSPENDED SOLIDS GOING TO THE FILTHR. 


Fifth Report: Appendix I. 


Mr. Bolton (Heywood): More granular in appearance ; settle more rapidly ; and are not as glutinous in 


character. 


Mr. Campbell (Huddersfield): More granular and are non-putrescent. 


Mr. Carter Bell (Salford): Not very different. 


Messrs. Watson & UO Shaughnessy (Birmingham): “ Suspended solids” going in to filter contain over 58 
per cent. of organic matter. Much of this represents residues from decomposition of organic struc- 
tures, but it also contains living organisms, some of which are filaments. 


The organic matter in filtrate consists almost entirely of living and dead organisms and mucilage. 
It forms rather less than one-third of the suspended solids. 


No direct connection between the suspended matter going on to bed and that coming out in the 
filtrate. 


Uessrs. Willcox & Raikes: The filtered effluent at Hanley contains no solid matter in suspension. 
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(88) SUGGESTIONS FOR SETTLEMENT OR OTHER SEPARATION OF THE SUSPENDED 
SOLIDS IN A PERCOLATING FILTER EFFLUENT. 





Fifth Report: Appendix I, 


Mr. Bolton (Heywood): Found, by experiment, that greater portion settled in two hours ; in three hours 
there were only traces ; while at the end of four hours the effluent was practically free. Quite practicable 
to reduce to a maximum of three parts per 100,000 by settlement. 


Mr. Campbell (Huddersfield): Simple settlement will remove bulk. Practicable minimum reduction 
is to three parts per 100,000. 


Mr. Harrison (Leeds): Solids are readily settled out, but mechanical filtration is a better and more effective 
process. Suggests a filter of fine furnace ashes, six inches deep, with side walls rising about two feet 
above the surface of the ashes. This will reduce 11 parts per 100,000 to 4 or 5 parts per 100,000, at 
a rate of filtration of 400 gallons per square yard. 


Mr. Fowler (Manchester): Settlement inadequate for Manchester filtrate. Straining filter is necessary 


and reduction to, say, an average of two grains and a maximum of three should fulfil all practical 
requirements. 


Mr. Carter Bell (Salford): Amount of suspended matter insignificant at Salford. 


Messrs. Watson & O'Shaughnessy (Birmingham): Experiments give following results : 


(a) Downward sand filtration very efficient, but costly. 
(6) Upward sand filtration not successful ; difficulty in cleansing. 
(c) Sedimentation in long shallow trenches removed bulk of suspended matter down to an 
average of about 5 parts per 100,000. 
(d) Sedimentation in shallow tanks not successful. 
(e) By a tank called “ Birmingham Separator’? (something like a Dortmund tank), suspended 
matter is eliminated at cost of about ls. 6d. per mill on gallons. 


Mr. F. Scudder: Prefers sand filtration. 
Settlement is very satisfactory. With a series of shallow tanks good results can be obtained. 


Messrs. Willcox & Raikes: Suspended matter should be removed by straining through sand. 
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(89.) WHAT IS THE ACTI 
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ON OF PERCOLATING FILTERS WITH REGARD TO THE OXIDATION 
OF (2) THE AMMONIACAL AND ORGANIG MATTER IN SOLUTION; (6) THE ORGANIG 
MATTER IN SUSPENSION. 


Fifth Report: Appendix I. 


Mr. Fowler (Manchester): As regards (a), much depends on size of material and consequent proportion 


of liquid held up in interstices. A certain proportion of liquid goes through filter very rapidly: the 
remaining proportion takes much longer time. (b) The organic matter in suspension is certainly 
changed ; but further investigation is necessary. 


Reid: Made no experiments, but from observation of working of filters has obtained following 
impressions :— 

As regards (a): If filter is working well with normal sewage, high standard of oxidation is affected 
in about seven minutes, the time taken for sewage to pass through fine grain filter five feet deep. 


As regards (b): Organic matter in suspension is liquefied in upper layers, and, passing downwards, 
becomes oxidised with organic matter previously in solution.. (This applies only to fine grain filters : 
in coarse filters, large proportion of suspended matters pass through with effluent.) 


25023 Messrs. Watson & O'Shaughnessy (Birmingham): No direct experiments with regard to (a), but notieed 


that, with very efficient aeration, first action is oxidation of ammonia with comparatively little 
action organic matter. With less efficient aeration and prolonged sojourn in bed, there is a lower 
nitrification with greater elimination of gaseous nitrogen and reduction of dissolved organic matter. 


As regards (6), organic matter in suspension appears to be retained in the u ; 

‘ s (6); pper layer, 7.e., first fifteen 
inches. This is of smaller size material than rest of bed. Putrefaction, rather thee oxiineee would 
seem to predominate. : : 


37 


24 


(90. 


Messrs. Watson & O'Shaughnessy (Birmingham): From observations of filters generally, take the view 


185 


) DO AMMONIUM SALTS AND ORGANIC SUBSTANCES IN SOLUTION, NOT OF A 
COLLOIDAL NATURE, PASS RAPIDLY THROUGH A PERCOLATING EILTER, OR ARE 
THEY FIRST ABSORBED BY THE FILTERING MATERIAL OR BY GROWTHS ON 
THAT MATERIAL, SO THAT THEIR PASSAGE THROUGH THE FILTER IS A VERY 
GRADUAL ONE. 


Fifth Report : Appendix I. 


. Fowler (Manchester): Laboratory experiments show that ammonium salts are absorbed by washed 


and sterile clinker, and he has little doubt that their passage through filter is in reality very slow, a 
constant sequence of physical and chemical changes taking place depending upon character and size 
of material, its condition, variations in strength of liquid, and rate of application. In general, the 
action of filter tends to the formation of nitrates, by oxidation of ammonia, rather than to the breaking 
down of complex organic compounds in solution. : 


that the capacity of filter for abstracting dissolved matters is very largely if, not entirely, a function 
of the proportion of medium surface presented to the liquid. 
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PERCO- (01.) WHAT ARE THE EFFECTS OF CHANGES OF ATMOSPHERIC TEMPERATURE ON THE 
LATING WORKING OF A PERCOLATING FILTER. 
FILTERS. 


Fifth Report: Appendix I. 


21188 Mr. Bolton (Heywood): Has not found that changes of temperature have any great efrect on working 
of beds. 
21699 Mr. Campbell (Huddersfield): Works equally well in hot or cold weather. Statement based upon careful 


observations over a period of three and a half years, and upon analyses of filtrates during summer 
and winter (21898-21904). 


22039 Mr. Harrison (Leeds): Gives figures showing (1) that the amount of ammoniacal nitrogen in the filtrate 
approximately increases with a decreasing temperature and (2) that the purification in albumino‘d 
nitrogen and the oxygen absorbed value decreases approximately with a decreasing temperature. 


22838 Mr. Fowler (Manchester) : Has noticed that unless the effluent is kept constantly moving by the 
distributor, it will freeze in cold weather. 


23257 Mr. Carter Bell (Salford): Made no observations, but thinks the higher the temperature the better the 
effluent. 


24452 (p.578) Dr, Reid: Not materially affected when active nitrifying properties are once established in filter. 


eae Messrs. Watson & O'Shaughnessy (Birmingham): Ordinary chaages of temperature do not materially 
affect working, but purification in winter appears to be less than in summer. 
26123 Messrs. Willcox & Raikes: Atmospheric temperature does not affect working of percolating beds. 


(See also 26223-6.) 


700 
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(92.) IS THERE ANY TROUBLE FROM VEGETABLE GROWTHS IN PERCOLATING FILTERS.’ 


IF SO, WHAT ARE THE CAUSES OF THE GROWTHS, AND HOW CAN THEY BE 
PREVENTED. 


Interim Report: Vol. II. (Cd. 686) 190?. 


Mr. C. J. Whittaker (Accrington): No trouble from growths at Accrington. 


Col. Harding : Filter at Leeds, constructed on lines of Whittaker filter, was choked by abundant gelatinous 
growth on surface. Probably due to the artificial heating of the effluent. 


There was also Pylobelus growth on surface of Leeds coke filter. Working at 200 gallons per square 
yard, the growth did not choke surface ; but at 400 gallons per square yard, the growth was excessive. 


Suggests that discharging effluent on to filter intermittently has some effect in preventing Pylobelus 
growth. (Experience with Candy sprinkler.) 


Fifth Report :. Appendix I. 


Mr. Bolton (Heywood): When supply was continuous, gelatinous mass grew on surface. This was pre- 
vented by working intermittently. 


Mr. Campbell (Huddersfield): Has found no trouble from growths. 


Mr. Harrison (Leeds): Growths in quantity appear on the Leeds filters in the early and later periods of 
the year, indicating that the change of temperature of the sewage is the cause. It is necessary to 
repeatedly fork the surface at such times. 


Mr. Fowler (Manchester): There is a tendency for slimy growths to appear on surface where large quantities 
of unpurified effluents are applied in one place. The remedy appears to be to apply less per square 
yard, or to carry preliminary treatment further. 


Mr. Carter Bell (Salford): No trouble from vegetable growths with Salford filters. 
6225,—Ap. II. . 2A2 
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Is THERE ANY TROUBLE FROM VEGETABLE GROWTHS IN PERCOLATING FILTERS. IF SO, WHAT ARE 


PERCO- (92.) : 
LATING THE CAUSES OF THE GROWTHS, AND HOW CAN THEY BE PREVENTED (continued). 
FILTERS. 





25026 Messrs. Watson & O'Shaughnessy (Birmingham): Vegetable growths of nature of cladothrix give trouble 
by choking surface of medium. Forking over prevents this to some extent. 


Messrs. Willcox & Raikes: Experiments at Hanley showed that growths were more likely to occur 
on large sized material than on small sized. Where large and small material were used in same filter, 
green growth was found on former but nothing on latter. This growth was, however, only green moss 
and not a growth of the sewage fungus type (26235-40). Not experienced growths of latter type 


(26240). 


26124 


(93.) 


32 (p.578) Dr. 


189 


IS THERE ANY NUISANCE FROM THE TREATMENT OF SEWAGE ON PERCOLATING 
FILTERS. 





Fifth Report; Appendix I. 


‘. Bolton (Heywood): Odour from percolating bed is much more in evidence than that from a contact 


bed, and risk of nuisance is greater. Nuisance probably arises from the spraying and not from the 
filtration (21386-7.) 


. Campbell (Huddersfield): No. 


. Fowler (Manchester): Never noticed any appreciable smell; but has observed, in several cases, an 


extraordinary development of insect life, flies, spiders, etc. 


. Oarter Bell (Salford): No; but there may be a little odour occasionally in hot weather. 


Reid: Yes, especially where sewage contains brewery waste in considerable proportion. 


)27 Messrs. Watson & O'Shaughnessy (Birmingham): No. 


125 Messrs. Willcox & Ratkes: No. 
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7394 
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(94.) WHAT ARE THE COST AND RELATIVE ADVANTAGES OF PERCOLATING FILTERS 


Mr. 


Col. 


AND CONTACT BEDS. IS ONE FORM BEST FOR SOME KINDS OF SEWAGE, AND THE 
OTHER FORM FOR OTHER KINDS OF SEWAGE. 





Interim Report: Vol. II. (Cd. 686) 1902. 





R. A. Tatton: Continuous filters worked on Chorley principle take more liquid than contact beds, but 
the initial cost per square yard is greater and so is the cost of maintenance. 


Ducat : Disadvantages of contact bed system :— 


(a) The filtrate is not of uniform purity. The first discharge from the filter is of much less purity 
than the discharge when the bed is nearly empty. 

(b) Not practicable to work beds in regular cycles of filling, standing full, emptying, and resting, 
owing to the unequal flow of sewage, rendered more variable by storm water. 

(c) The beds must be large enough to deal with storm flow, and this increases initial cost by about 
60 per cent. 

(d) More personal supervision is required. 

Advantages of percolating filters :— 


(a) Simplicity of working: the sewage is automatically distributed over surface, and filtrate runs 
off in a constant flow without intervention of valves or human agency. 

(b) The rate of filtration can be increased in storm times, as there are no additional impurities in the 
sewage. 

(c) One man would be sufficient to supervise a large installation (ten filters). 

(d) The initial outlay in most cases would probably be less and the working expenses are small. 


Mr. Baldwin Latham: Contact beds require more constant attention than percolating filters. 


Mr. 


Col. 


Mr. 


W. H. Prescott: Experience at Reigate was that the percolating system was much more efficient than | 
the contact system. 


. 


Harding: Experience of contact beds for nearly three years and of trickling filtration for nearly two 
years leads to the conclusion that, with the same depth, similar analytical results may be obtained by 
either system as regards albuminoid ammonia and oxygen absorbed; but trickling filtrates contain more 
nitrates and more dissolved oxygen. Again, the experiments show that in trickling filtration the 
filtering material is less disturbed and the life of the filter is very much greater. Apparently, trickling 
filtration over coarse material can be continued many years without renewal of material, and the filter 
will not be choked by indigestible solids as is the case with contact beds. oy 


Fijth Report: Appendix I. 


Bolton (Heywood) : Percolating beds can be constructed at less cost than double the area of contact 
beds with necessary inlet and outlet channels, valves, etc. 
Advantages of percolating filter over contact bed :— 
a) Upper layers of filter do not become choked so soon. 
6) More easily cleaned. 
c) Being more compact, requires less supervision. 
d) More perfect distribution can be obtained. 
e) Can be worked more automatically. 
f) More suitable for Heywood sewage, and for sewages generally. 


( 
( 
( 


( 
( 
( 
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(94.) Wat are THE Cost AND RELATIVE ADVANTAGES OF PERCOLATING FILTERS AND Contact BEDs. 
Is oNE FORM BEST FOR SOME KINDS OF SEWAGE, AND THE OTHER FORM FOR OTHER KINDS OF SEWAGE 
(continued). : 


Mr. Campbell (Huddersfield): Contact beds are more costly, both as regards initial expenditure and upkeep 
The advantages of percolating beds over contact beds are :— 


(1) Do not require so large an area. 

(2) Do not require retaining walls. 

(3) Do not lose their capacity. 

(4) Usually produce effluent richer in dissolved oxygen and in oxidised nitrogen. 
(5) Irreducible matter comes away in effluent. 


In his experience, contact beds are not adapted under any circumstances for large sewage schemes. 
* 
Both the washing and the renewing of material of contact beds are impracticable financially. 


Mr. Harrison (Leeds): Relative advantages and disadvantages are :— 


(1) If solids are present in liquid, a greater depth of filtering material is required for percolating 
beds. - 

(2) Percolating filters cost more to construct. (Greater depth and need for efficient aeration that 
entails extra cost : 22063-5.) 

(3) If solids are present in the liquor to be treated, they are present in the filtrate from percolating 
beds, necessitating further settlement or filtration. Contact bed filtrates are practically 
free from suspended solids. 

(4) As a general rule, filtrate from percolating bed contains more dissolved oxygen. 

(5) Amount of liquid which can be treated on contact beds is limited by number of fillings, and 
decreases in amount as beds lose capacity. Percolating filters can treat a constant amount 
for years, if material is coarse and not easily disintegrated. 

(6) Accumulation of solids in contact beds in time causes great loss of capacity which can only be 
regained by washing the bed material. Accumulation of solids in coarse percolating filters 
may easily be washed out. Generally speaking, the effective life of a percolating filter will 
be longer than that of a contact bed. : 

(7) Contact beds are less readily affected by changes in atmospheric temperature than percolating 
beds. 


Mr. Valentine (Oldham): No practical experience of percolating filters, but suggests following points of 
comparison :— 


(a) Initial outlay likely to be greater in the case of percolating beds. (Cost of construction higher, 
in addition to which is cost of mechanical distribution.) 

(b) Owing to depth of percolating beds, pumping may be necessary in some cases. 

On the other hand— 

(c) The cost of upkeep is likely to be smaller in the case of percolating filters than in the case of 
contact beds, because the latter are so liable to be choked. 

Generally, the advantage of onesystem over another must depend upon the circumstances, e.g., 
amount of land available, whether labour is cheap, whether filtering matter of suitable kind 


ean readily be obtained, etc. Thinks that percolating system will more readily adapt itself 
to septic tank liquids which are less complex than settled or precipitated sewage. 


Mr. Fowler (Manchester): Hands in following Table of comparative data obtained from various sources. 
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WHAT ARE THE Cost AND RELATIVE ADVANTAGES OF PERCOLATING FILTERS AND ConTACT BEDs. 
Is oNE Form BEST FOR SOME KINDS OF SEWAGE, AND THE OTHER FORM FOR OTHER KINDS OF SEWAGE 
(continued). 


Fowler (Manchester)—continued. 
His conclusions upon the data are :— 


(1) Not possible to lay down any general rule that one system is to be preferred ; particular system 
to be adopted must depend on local conditions. 

(2) Percolating filters more expensive in first cost. 

(3) Contact beds are cheaper, if percolating filters necessitate pumping. 

(4) For purposes of comparison, cost should be calculated on dry-weather flow. 

(5) Contact beds are cheaper under all circumstances where a sufficient area can be obtained at a 
low cost of construction. 


Wike (Sheffield): No practical experience of percolating filters, but from results of inquiries, thinks 


_ that contact beds would be the cheaper form. Does not see how percolating filters could have any 


advantage over contact beds, which give satisfactory results at comparatively small cost. 


432 (p.578) Dr. Reid: Both as regards initial expenditure and annual cost of upkeep and working, contact beds are 


461-3 Decidedly of opinion, from his experience in Staffordshire, that single contact effluent is inferior to. 
single filtration in percolating filter, the amount of material being the same. 

028 Messrs. Watson & O'Shaughnessy (Birmingham): Advantages of percolating beds over contact beds :— 

(a) Contact beds rapidly choke up; percolating filters, if properly constructed, do not. 
(0) Percolating beds take more liquid per unit than contact beds. 

Advantages of contact beds over percolating filters :— 
(c) More suspended matter in percolating bed filtrate than in contact bed filtrate. 

~ (d) There is greater loss of total combined nitrogen in contact beds. 

405 Advocate use of percolating filters in preference to contact beds, because of the loss of capacity in 
latter. 

408-12 Cost per million gallons, taken in conjunction with strength of sewage, would be rather less with 
percolating filters. 

415-6 Not had large experience of contact beds. 

758-60 Mr. F. Scudder: Percolating filters infinitely superior as they produce a fully oxidised effluent rich in 
nitrates. Contact beds will not give such a highly oxidised effluent. The percolating effluent will also 
maintain more dissolved oxygen. 

775 A contact bed after being in operation two or three years gets sensitive in its action, and wants a 
great deal of care and attention to keep it effective. A percolating filter throws off the suspended 
matter in a granular form and all difficulties are removed and the life of the filter continues energetic 
for an unlimited period. 

126 Messrs. Wilicox & Raikes: Contact beds are more costly and less efficient than percolating filters. 


more costly, because :— 


(1) To obtain corresponding results, double contact is required as against single filtration for 
percolating filter, and twice as much filtering material. 

(2) Automatic gearing is required for working contact beds, or manual labour. (This equals cost. 
of distributors. ) 

(3) Contact beds must generally be of more substantial construction. 

(4) Contact beds liable to clog. 


Considers that small-particle filters are greatly superior to contact beds, no matter what kind of 


sewage is dealt with. 
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(95.) IS THE CHANCE OF NUISANCE ANY GREATER WITH ONE FORM OF FILTER 








FILTERS 

aed THAN WITH ANOTHER. 

CONTACT 

GENE Fifth Report: Appendix I. 
RAL. 

21192 Mr. Bolton (Heywood): The risk of nuisance is greater with a percolating bed, as the method of distribution 
tends-to liberate any offensive gases or odours. 

21486 Mr. Kershaw (Rotherham): Filters fed by means of jets, sprays, or sprinklers are more likely to cause 
nuisance than contact beds fed in the ordinary manner. Risk depends largely on the preliminary 
treatment, e.g., strong septic tank liquors when sprayed or sprinkled are most likely to cause nuisance. 
No nuisance from contact beds. Experience of percolating filters very limited. 

z1108 Mr. Campbell (Huddersfield): No, both forms free from smell. 

22480 Mr. Valentine (Oldham): Makes no comparison; but suggests that the spraying of liquors upon per- 
colating filters generally gives rise to a sour, disagreeable odour. 

22041* Mr. Harrison (Leeds): Has never found that actual filtering operations cause nuisance. Risk of nuisance 
depends upon the nature of the preliminary treatment and the method of distribution, e.g., the dis- 
tribution of septic liquor by spraying devices may cause a nuisance. 

22840 Mr. Fowler (Manchester): Has noticed an extraordinary development of insect life in connection with 

pees percolating filters. Apart from this, has experienced no nuisance from filters worked as “controlled ” 


filters. Never had any nuisance from contact beds. 


24482 (p.579) Dr. Reid: Not with proper management. Real trouble is connected with the delivery to the bed. 


25029 Messrs. Watson & O'Shaughnessy (Birmingham): The spray jet form of distribution for percolating fil- 
ters gives off a smell, but it does not amount to a nuisance. Septic sewage generally gives off less 
objectionable smell than non-septic sewage. Apparently no real nuisance from either form of filter. 


26127 Messrs. Willcox & Raikes: No: but septic tank effluent will always cause a nuisance if exposed to the 
air in sprays and so will any solid matter which accumulates on the surface of filter. 
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WHAT ARE THE COMPARATIVE WORKING CAPACITIES OF THE TWO FORMS OF 
FILTER. 





Fiftt Report: Appendix I. 


Bolton (Heywood): Double contact beds: 85 gallons per cubic yard. 
Percolating filter: 100 gallons per cubic yard. 
Much better effluent from the percolating bed. (Both dealing with the same liquid: 21389.) 
The following are comparative analytical figures : 





Contact System. Percolating System. 





Bed Settled 
| Tank. (2ndContact| Tank. Effient eel ' 
* |(two hours). 

















Oxygen absorbed (4 hours’ test) — - - 5°25 | 1°08 5°54 1°22 0°83 
Ammoniacal nitrogen - - : - 1°36 | "49 3°40 "51 51 
Albuminoid nitrogen - - - - 38 | ‘10 "78 12 10 
Nitric nitrogen Rrimeesre a7 At nil 66 nil 1°46 1°40 
Silane 2 == . 77 76 8°3 8'1 8'1 
Solids in suspension | - + | Jf | ae 9 5 15 


Mr. 


Mr. 





Campbell (Huddersfield): Amount of septic tank liquor treated : 
(a) By trickling filter, 132 gallons per cubic yard per day. 
(b) By double contact beds, 72 gallons per cubic yard per day. 


Analysis of liquor treated. Parts per 100,000. 
Nitrogen from free and saline ammonia - - - , - - 1°91 
Nitrogen from free albuminoid ammonia - - - - : - - 0°499 
Chlorine” - - - - - - - - - - - - 12°10 
Oxygen absorbed in four hours - - - - - : - 6°16 


The filtrate in each case was considered eneiactare by reason of its non-putrescibility. 


Harrison (Leeds): (a) Percolating filters: 


Liquor treated. Depth of bed. Rate per cubic yard per day. 
Crude sewage - - : - - 12 feet 42 gallons * 
Septic tank liquor - - - - - 94 =, 53 7 
Settled sewage - - - - - a 3 61 5s 
Precipitated sewage - = : : - = 48 a 
Precipitated sewage - - - : % TOOLS. 


“(Resalta aabieteotary. ) 
(b.) Contact beds. (Double contact necessary). 
Liquor treated. Depth of bed. Rate per cubic yard per day. 


Crude sewage (3 fillings per day) - : 3 feet 128 gallons at first. 


29 4, at end of two years. 


Septic tank liquor (2 fillings per day)  - - Gms, 33 —~,,.~—s- for 1904 and 1905. 


Mr. 


Mr. 


Generally, the average amount treated per cubic yard is greater on a percolating bed than on a 
contact bed. 


Valentine (Oldham): Has made no comparative observations; but thinks that with a liquid absorbing 
34 parts per 100,C00 of oxygen in four hours from permanganate, there would be little difference 
between the two systems. But the working capacity of contact beds diminishes in course of time, 
which is apparently not the case with percolating beds. Suggests that with a strong liquor 
the advantage would possibly lie with the percolating filter, while with a more or less diluted tank 
liquor the contact bed would work more satisfactorily, as the times of filling, standing full, etc., can 
be lengthened or shortened at will. 


Fowler (Manchester): Hands in table of comparative analytical results from continuous filter and 
contact bed worked under comparable conditions at the same rate in each case, viz., up to a maxi- 
mum of 100 gallons per cubic yard. The conclusion is that, within certain limits, a unit of material 
in one form of filter has the same purifying effect as a unit in the other (22980-1). 
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(96.) WHAT ARE THE COMPARATIVE WORKING CAPACITIES OF THE Two. Forms or FILTERs (continued), 


132 (p.579) Dr. Reid: A fine-particle percolating filter, 5 feet deep, will efficiently purify, for an indefinite period, at 
the rate of 120 gallons per cubic yard per day. 


To obtain the same results by contact beds, the cubic capacity must be about double that of the 
percolating filter. 


62. Mr. F. Scudder: A percolating filter will deal with a greater volume of liquid per cubic yard of material 


than a contact bed. A 60-feet diameter percolating filter, 9 feet deep, will deal with 100,000 gallons 
of tank effluent per day, or a little over 300 gallons to the square yard. Has determined this by 
actual experience. (No figures given as regards contact beds.) 


28 Messrs. Willcox & Raikes: Far better results have been obtained from percolating filters 14 inches deep 
than with double contact beds 3 feet deep working at same rate and with tank effluent of same 
composition. 


At Hanley, contact beds treating 200 gallons per square yard per day were clogged very soon; 
but percolating beds treating more than double that quantity were not clogged after 2} years’ work- 
ing—same size material used but clinker in contact beds and saggers in percolating bed (26183-4). 
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(97.) HOW WOULD THE WORKING CAPACITY OF FILTERS VARY WITH VARIATIONS: 


IN THE STRENGTH OF THE TANK LIQUOR. 
Fifth Report: Appendix I. 
20802 - Messrs. Raymond Ross & Pickles (Burnley) : The strength of tank effluent in reference to number of 
fillings on contact beds would be gauged by the volume of sewage as compared with normal flow. 
21104 Mr. Bolton (Heywood): Not practicable to vary the amount treated according to strength of sewage: 


214875 Mr. Kershaw (Rotherham): Taking oxygen absorbed as the standard of strength, contact beds at Rother- 
ham will bring about a purification of about 50 to 60 per cent. of the tank liquor. 


21704 Mr. Campbell (Huddersfield): With weak tank liquors, probably half as much again could be treatedi. 
Would rely on albuminoid nitrogen and oxygen absorbed figures for defining ‘* strength ”’ of liquor. 


22844" Mr. Fowler (Manchester): Amount treated on Manchester contact beds varies from 350,000 gallons in: 
dry weather to as much as 1,000,000 gallons per acre per day in wet weather. Chlorine number is: 
taken as index of strength. 


Asa matter of practice it is not always possible to adjust the rate of treatment exactly to- 
the strength. 


24482 (p,579) Dr, Reid: The working capacity of a fine-grain filter depends upon the volume, that being the factor 
which determines the degree of aeration of the filter, rather than the strength of the sewage; is not 
confident that same is true of contact beds or large particle filters. 


25031 Messrs. Watson & O'Shaughnessy (Birmingham): There would be variations within narrow limits. 
Albuminoid ammonia and oxygen absorbed relied on for defining strength of liquor. 


26129 Messrs. Wellcox & Raikes: There may be some variation, but it would not vary directly with the strength: 
of the tank liquor. Filter can only deal with a certain quantity, and this quantity must not be ex- 
ceeded no matter how weak the sewage may be (26241). 
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(98.) STORM WATER FILTERS. 


Fifth Report: Appendix I. 


Bolton (Heywood): Action of storm water filters is more mechanical than chemical. 


No time for 
bacterial action. There is merely a retention of part of the suspended solids. 


. Valentine (Oldham): Storm water filters would work more efficiently if used intermittently at short 


intervals, and there would be advantage in using them regularly, ¢.g., for the filtration of ‘Sunday 
flow of sewage. 


. Fowler (Manchester): Hands in Table (see next page) of examples of storm water treatment in 


filters. In early stage it is necessary that storm water filters should be supplied with sewage in dry 
weather. 


Storm water filter must be of fine material, and if it is fine a large part of suspended matter must 
first be settled. 


Satisfactory results were obtained with a rough cinder bed 15 inches deep. Was working six 
months with two fillings per day of dry weather flow (chemically precipitated effluent), and as a 


streaming filter in times of storm. There was no choking and the filtrates were for the most part 
non-putrescible. E 
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(98.) Storm Warer Finrers (continued). os STORM 
WATER 
eS EO eae FILTERS 


Messrs. Watson & O'Shaughnessy (Birmingham): Experienee for four years of the working of storm 
filters on a large scale is that the purification effected is most irregular and out of all proportion to 
the cost incurred. 


Messrs. Willcox and Raikes: Storm water filters which are only used occasionally merely act as strainers. 
For this purpose a fine shallow bed is better and less costly than a deep coarse one. Regard storm 
water filters, however, as inefficient (26242). 
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FILTERS, 


20804 


21195-6 


21489 


21706 


22846 


23507 
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(99.) DO STORM WATER FILTERS LOSE ANY OF THEIR EFFICIENCY THROUGH BEING 
USED ONLY INTERMITTENTLY AT LONG INTERVALS. 








Fijth Report: Appendia I. 





Messrs. Raymond Ross & Pickles (Burnley): Find that unless their storm beds have af least three fillings 
per week they do not work satisfactorily. 


Mr. Bolton (Heywood): The action of their storm water filters is more mechanical than chemical, and 
their efficiency is not affected by long intervals of rest. 


Mr. Kershaw (Rotherham): Judging from experience of contact beds, would suppose that storm filters 
would only act as strainers if used at long intervals. 


Mr. Campbell (Huddersfield): Yes; better to apply weak night sewage at fixed periods. 


Mr. Fowler (Manchester): If once thoroughly matured, long resting period might be allowed without 
detriment. It is necessary, however, in the early stages to work the beds up in dry weather. 


Mr. Wike (Sheffield): Storm beds must be kept fed to be of any use for bacteriological treatment. 


24482(p.579) Dr, Reid: No practical experience of storm filters; but, judging from results of ordinary filters after 


25033 


26242 


long rest, thinks the first effluent from storm filters after long rest would be of good quality. 


Messrs. Watson & O'Shaughnessy (Birmingham): Storm water filters probably only act as strainers, and 
their efficiency would not in that case be affected by long rests. 


Messrs. Willcox & Raikes: 


aioe The fact that storm water filters are only used occasionally renders them 
inefficient. 


203 


(100.) DISPOSAL OF SLUDGE. 


Interim Report : Vol. II. (Cd. 686), 1902. 


Mr. Santo Crimp: Where the population is 5,000 or more, and the sludge is removed by chemical pre- 
cipitation, filter presses should be used for pressing the sludge. In cases where the quantity of sludge 
produced is very large indeed, the most satisfactory way of disposing of it is to send it out to sea, 


if practicable. 


626 


Sludge lagoons result in a great nuisance, if the quantity of sludge is at all large. 


Sludge has very little manurial value, and it is difficult to get rid of it to farmers. 


Alderman Hibbert : At Chorley a portion of the pressed sludge is used for making gas which lights up the 


336-59 
When coal is at 15s. 6d. per ton, the utilisation of sludge in this way is profitable. 


sewage works. 
Remainder of sludge is readily disposed of to farmers at 9d. per one-horse load, and ls. per two- 


horse load. (The sludge is produced by chemical precipitation. ) 





Third Report: Vol. II. (Cd. 1487), 1903. 





Mr. F. Purcell: Describes a method of distillation for obtaining from sewage sludge, oil, ammonia (as 
ammonia water), and a solid residue which can be converted into cement. Results of great numbers 


of experiments both in the laboratory and on a large scale are as follows :— 


3303 

















Wet Cake from Ammonia Sulphate. Residue. Oil per ton. Water. 
Cross Ness - : 57°56 lbs per ton 39°00 per cent. 7 to 11 gallons 54°10 
Leyton - - 3 59°S0m 45 = 68°40 es SitO10.%.5, 52°00 
Wimbledon - -| 6563 ,,_ , 56:00, 5 a 51°60 

















Working with a very imperfect apparatus, and taking the value of the products at a low figure, 
the experiments seemed to show a profit of 6s. 6d. per ton of sludge dealt with by this method of 


distillation. 


Fifth Report: Appendia I. 


0805 Messrs. Raymond Ross & Pickles (Burnley): Screenings are dug into adjoining market garden land at 
Burnley. Practical way of dealing with tank sludge for inland towns is to press it ready for dis- 


posal according to circumstances. 
2C 2 
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(100.) DisposaL or SLUDGE (continued). 





Mr. Bolton (Heywood): Screening refuse should be burned in destructor. Material from detritus tanks 


may be tipped on land. 


Precipitation tank sludge should be pressed, and either burned or used as manure. 


Septic tank sludge should be pressed and burned. (Actual experience of burning septic tank cake : 
21351-4.) 


Mr. Kershaw (Rotherham): Sewage screenings should be burnt in destructor or dug into land. 


Mr. 


Mr. 


Mr. 


Mr. 


Detritus tank material can be tipped on land. 
Sludge from tanks should be pressed and disposed of tc farmers, as far as possible. 
Pressed cake and sludge containing lime, when tipped in a heap, is likely to cause a nuisance. 


Does not find that sludge lagoons cause nuisance 


Campbell (Huddersfield) : Sewage screenings should be tipped or burnt. Detritus tank material, tipped. 
Sludge from tanks, deposited in lagoons. If sludge has any manur al value it should be pressed and 
sold. 


Quite practicable to burn pressed sludge without causing nuisance, but cost is somewhat heavy. 
Sludge must be mixed with some fuel (21916). 


Valentine (Oldham): Suggests that it would be profitable to adopt some system for removing fatty 
acid and other constituents from sludge. Under present conditions, the entire cost of dealing with 
sludge in most towns is a dead loss. At Oldham the cost is £1,400 per annum at least. 


Fowler (Manchester): Sewage screenings should be burnt in destructor ; material from detritus tanks 
can be tipped; sludge from tanks should be dug into land wherever practicable. 


. 


Carter Bell (Salford): At Salford, all sludge can be cheaply disposed of by shipping to sea. In other 
circumstances, he would advise the use of destructor furnaces. 


- Wike (Sheffield): Where quantity of sludge is very large, a properly managed tip seems the best waz 


of disposing of it. 


Doubts the practicability of burning sludge, and thinks that pressing is a costly and difficult process. 


bo 
jo) 
on 


(100.) Disposan or StupGE (continued). SLUDGE. 


(p.579) Dr. Reid: Sewage screenings and detritus tank material can be disposed of satisfactorily by frequent 


1 


10 
eq. 


31 


removal and disposal on land by digging it in, even where only a small area of land is available. 


Sludge from precipitation and sedimentation tanks must be pressed and removed at frequent in- 
tervals. 


Septic tank sludge can be safely spread on land even in close proximity to dwellings, as it is remark- 
ably free from smell. 


There is considerable nuisance from discharging sludge into lagoons. 


Messrs. Watson & O'Shaughnessy (Bir rae Sewage screenings: Burnt in destructor or dug into 
land within twenty-four hours. 


Detritus tank material: Tipped on land. 
Precipitation and settlement tank sludge ; Dug into land. 


Septic tank sludge: Tipped on land 


Mr. G. Watson (Horsfall Destructor Company): Practicable to burn sewage sludge when mixed with 
town refuse in proportion, say, of one of sludge to two of refuse by weight. S!udge cannot be burnt 
alone. 


No nuisance in burning sewage sludge and town refuse. 
Probable cost of upkeep of installation, 1s. 6d. per ton burnt. 
Some return can be secured by using the steam generated, if there is any need for it atthe works. 


Sludge must first be pressed or air-dried. 


Mr. W. F. Goodrich (Meldrum Bros., Ltd.): Evidence agrees in all essentials with that given by Mr. G. 
Watson. 


Messrs. Willcox & Raikes : Screenings should be burnt or buried. Sludge from tanks can be con- 
veniently dug into ground if sufficient space is available, or it can be pressed and accumulated or 
given away as manure. 


The drying of sludge on surface of land is very likely to cause a nuisance, especially in hot weather. 


EFFLU- 
ENTS, 
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5993-4 


9090-2 


20806* 


21199 
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(101.) WHAT CONSTITUTES A GOOD EFFLUENT. 





Interim Report: Vol. II. (Cd. 686), 1902. 





Sir H. Roscoe: Suggested to Mersey and Irwell Joint Committee the following limits of impurity for 


effluents :— ca 
Limit. 
1. Oxygen absorbed test, permanganate of potash in acid solu- | 
tion, four hours’ test at 60° F.- - - - - - 1 grain oxygen per gallon. 
2. Oxygen absorbed test, Pore f of panes in acid solu- 
tion, three minutes’ test - - - 2 2 
3. Albuminoid ammonia E : : 2 - - 2g 3 AMMONIA |, ae 


99 9? 99 ® 7 


+e 


Mr. Dibdin: A good effluent is one that does not putrefy, and can sustain fish life. 


Mr. F. Scudder: Inclined to define a non-polluting sewage effluent as one capable of absorbing from an 


Dr. 


acid solution of permanganate of potash at 60° F. not more than 0.5 grain of oxygen per gallon (?.e., 
half the Mersey and Irwell standard). Three minute oxygen absorbed and the albuminoid ammonia 
figures to remain the same as statea by Sir H. Roscoe (see above). Further, the effluent should be 
incapable of absorbing more than 2 grains of dissolved oxygen per gallon of effluent from aerated 
water (1 volume of effluent mixed with 9 volumes of tap water) at 75° F. acting for forty-eight hours, 
and it should not appreciably destroy nitrates when these are added during a period of incubation for 
forty-eight hours at 75°F. 


Hill: A satisfactory effluent would be one which is clear and remains clear without any signs of putre- 
faction or change in colour or appearance after standing for some days. Effluents that do not putrefy 
nearly always contain nitrates. i 





Fifth Report : Appendix I. 





Messrs. Raymond Ross & Pickles (Burnley): Consider hat the following factors are requisite for a good 


effluent :— 


(1) That it does not contain any appreciable quantity of suspended matter. 

(2) That it is non-putrescible under ordinary climatic conditions. 

(3) That it does not deposit sediment on standing. 

(4) That it contains sufficient dissolved oxygen to support fish life. 

(5) That it contains sufficient nitric nitrogen to deal with organic matter remaining in it. 


Mr. Bolton (Heywood): A good effluent is one which— 


(a) Wed not absorb more than *7 parts per 100,000 of oxygen from permanganate in four 
hours. 

(5) Does not contain more than °07 parts per 1€0,000 of albuminoid nitrogen. 

(c) Will not undergo secondary decomposition when incubated at 80°F. for five days. 

(2) Will not destroy more than its own volume of erated tap water when incubated at 80°F. for 
forty-eight hours. 

(e) Contains an. abundance of nitric nitrogen. 
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(101.) WHat constrrurEs 4 Goop EFFLUENT (continued). 


Mr. 


Mr. 





Kershaw (Rotherham): One that is not offensive in appearance or smell, and is not liable, when dis- 
charged into stream, to become changed in appearance or smell. Nitrates should be present, and 
the effluent should not yield more than -1 to 15 parts Alb. ammonia per 100,000, nor absorb more 
than 1 to 1-5 parts oxygen in the four hours’ test. Should not become putrescent or offensive on 
keeping and should be free from suspended matter. 


. Campbell (Huddersfield): One that will remain sweet in incubator for a week in the absence of air. 


*. Harrison (Leeds) : 


(a) It must be non-putrescent. 
(6) The free ammonia value must be low and the nitric nitrogen value high. 
(c) The suspended matter must be low. 


. Valentine (Oldham): Judging from his experience at Oldham, a good effluent generally should, in 


appearance, be fairly bright and clear, and, if there is any smell, it should be a pleasant earthy one. 
Such an effluent will generally stand the incubator test which is the ultimate one. An effluent should 
not be judged according to a fixed oxygen absorbed figure. If that test is relied on, the percentage 
purification should be the determining factor (say 60-65 per cent. purification on the tank effluent). 


: Fowler (Manehester): A good effiuent— 


(a) Does not cause deposit in stream ; 

(b) Does not deprive stream of oxygen ; 

(c) Does not encourage weeds or fungus 

(d) Does not contain pathogenic germs ; 

(e) Is not injurious to fish, plants, or living organisms. 


. Carter Bell (Salford): One that does not undergo secondary decomposition, and that will not injure 


the stream. 


. Wike (Sheffield): Speaking generally, as an engineer, considers that an effluent should be non-putre- 


factive and not of a character to affect injuriously the stream into which it is passed. 


Haworth (Sheffield): An effluent conforming to the provisional standard of the Mersey and Irwell 
Committee for oxygen absorbed in four hours and albuminoid ammonia. Effluent should not contain 
more than 5 parts per 100,000 of suspended solids. or absorb a large quantity of dissolved oxygen 
from well-zrated water. 


EFFLU- 
ENTS. 
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EFFLU- (101.) Wat ConstrTuTEs A Goop ErrLuENT (continued), 
EN : 


25036 Messrs. Watson & O'Shaughnessy (Birmingham) ; 


(1) It should be non-putrescible. 

(2) “ Albuminoid ammonia ” figure should not exceed *20 parts per 100,000; and the “ oxygen 
absorbed in four hours’: should not exceed 2°00 parts per 100,000. 

(3) It should not absorb “ disscived oxygen’ at an excessive rate. 

(4) Mineral suspended matter should not exceed 1 to 1°5 parts per 100,000, and the organic 
matter 1:0 to 1°5 parts per 100,000. 

(5) Clarified effluent should not deposit more than 1-2 parts per 100,000 of solids from solution: 
in (say) twenty-four hours. 


26133 Messrs. Willcox & Raikes: No effluent which gives more than °05 parts per 100,000 of albuminoid 
ammonia and *27 parts per 100,000 oxygen absorbed in four hours at 80° F. ean be considered 
entirely satisfactory. 


6 
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(102.) IS THE TYPE OF EFFLUENT FROM A CONTACT BED SUPERIOR OR INFERIOR TO _ 


THE TYPE OF EFFLUENT FROM A PERCOLATING FILTER. 
Ps 





Interim Report: Vol. II, (Cd. 686), 1902. 





Colonel Harding: Percolating bed filtrates are superior in that they contain more nitrates and more dis- 
solved oxygen. 


Fifth Report: Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): Contact bed effluent is superior because :— 


(a) It is not so liable to deposit on standing or dilution. 

(6) Organic matter is less putrescible. 

(c) Purification of strong sewage by double contact is considerably greater. 
(d) The prolonged contact is probably more inimical to pathogenic organisms. 


No experience of percolating filters. The above views are based on paper read by Mr. Fowler as 
to results at Burnley and Accrington, and upon analyses of percolating bed filtrates supplied by others 
(21048-52). 


Mr. Bolton (Heywood): Percolating filter effluent is of better type than contact bed effluent: general 
impurities are less, effluent better erated and better nitrated, suspended solids settle more readily, 
and effluent is less liable to undergo secondary decomposition. 


Mr. Kershaw (Rotherham): Insufficient experience to express a definite opinion. Percolating filters 
appear to produce better nitrification than contact beds. 


Mr. Campbell (Huddersfield): Contact bed effluent is of inferior type. Nitrification is more active in 
percolating bed, and there is better aeration. 


Mr. Harrison (Leeds): Very little difference under best conditions. Under worst conditions—both 
filters treating crude sewage— percolating bed filtrate, after settlement, is much the better. 


Mr. Valentine (Oldham): Has had very slight experience of percolating beds; but thinks that, if the 
abnormal amount of suspended matter be removed, the percolating bed filtrate would be of a more 
satisfactory character than a contact bed filtrate. 


Mr. Fowler (Manchester): Double contact bed effluent generally superior ; but there is little difference 
if percolating filtrate is strained through fine material, though double contact effluent is possibly more 
broken down. 


6225.—Ap. IL. 2D 
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(102.) Is THE TYPE OF EFFLUENT FROM A Contact BED SUPERIOR OR INFERIOR TO THE TYPE OF 
EFFLUENT FROM A PERCOLATING FILTER (continued). 


? 


Mr. Wike (Sheffield): In the matter of suspended solids, considers that contact bed effluent is superior. 


Mr. Haworth (Sheffield): Not much experience of percolating filter effluent, but effluents like those from 
Sheffield contact beds usually contain less suspended matter than percolating bed filtrates, are rich 
in nitrates, not putrescible, hold dissolved oxygen, and support fish life. 


24432(p.579) Dr Reid: Contact bed effluent is inferior to an effluent from a percolating filter formed of small particless 


25037 


25759-80 


Not so sure that there is so much difference if comparison is made with an effluent from a filter formed 
of large-size particles. 


Messrs. Watson & O'Shaughnessy (Birmingham): A contact bed, by reason of the nature of the condi- 
tions, is more effective in eliminating the objectionable constituents of sewage. 


But it is comparatively an easy matter to construct a percolating bed to produce any desired result, 
and there is no reason why the effluent obtained should differ materially from that of a contact bed. 


Mr. F. Scudder: Percolating filtrate is fully oxidised and rich in nitrates. A contact bed effluent is 
not so highly oxidised. The percolating filtrate will also maintain more dissolved oxygen. 


ge 203 
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(103.) WHAT TEST OR TESTS ARE CHIEFLY RELIED UPON IN JUDGING OF THE QUALITY 
OF AN EFFLUENT. 





Interim Report: Vol. II. (Cd. 686) 1902. 


Mr. W. Naylor: Relies on albuminoid ammonia test. 


Mr. Santo Crimp: Would rather rely on absence of sewage fungus and presence of green conferve in 
outfal: channel as a test than on chemical analysis. 


Sir H. Frankland: Test employed by him for thirty years is the determination of organic carbon and 
organic nitrogen. 


Sir H. Roscoe: Considers that purely chemical analysis is sufficient to afford a safe criterion as to fitness 
of sewage effluent to be discharged into a watercourse (non-drinking water stream). 


Main tests applied are :— 


Estimation of— 


He 
2. 
3. 


4. 
5. 
6 


Free and saline ammonia. 

Albuminoid ammonia. 

Oxygen absorbed from permanganate of potash in acid solution acting for three minutes at 
Ua bie 

Oxygen absorbed from permanganate of potash in acid solution acting for four hours at 60° F. 
Nitrites and Nitrates. 

Incubator test. 


Considers that in 999 cases out of 1,000 these tests give sufficiently accurate results. 


Mr. F. W.Stcddart: His conclusions are based on the proportionate reduction of organic matter as ascer- 


tained by oxygen absorbed and albuminoid ammonia tests, the formation of nitrates, and, to some 
extent, the amount of dissolved oxygen, 


Mr. F. Scudder: Permanganate process, i.e., estimation of oxygen absorbed from permanganate of potash 
acting for tbree minutes and four hours, respectively, at 60° F. 


But it is desirable to have as many tests as possible, having regard to the possibility of tests being 
frustrated—e.g., the permanganate test by the use of antiseptics. 


6225,—Ap. II. 2D2 
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(103.) WHat Test oR TESTS ARB CHIEFLY RELIED UPON IN JUDGING OF THE QUALITY OF AN EFFLUENT 
(continued). 


} ili i ive i fluent is valuable evidence of 
Harding: Test of ability of coarse fish to live and thrive in an e 
free cP dnaalved oxygen and absence of much impurity. Character of growth in outflow basins 
fea in channels through which effluents and filtrates pass also an obvious general test of character 
of effluent. 


Dr. Thresh: Incubator test generally relied upon. This is a test of the putrescibility of an effluent. 


Freedom from colour and odour a sufficient general test as a rule. 


Dr. Voelcker: Generally estimates matter in suspension and the nature of it—whether organic or in- 
organic. Also examines filtered material, determining solids, lime, magnesia, sulphuric acid, nitric, 
chlorine, and silica. In addition to these makes determinations of amount of oxgyen absorbed from 
permanganate, free ammonia, and albuminoid ammonia, and also the amount of aeration. 


Fifth Report: Appendix I. 


Dr. Reid: Uses the free and albuminoid ammonia tests, the oxygen absorbed in 4 hours at 80° F., the 


nitrate nitrogen, and estimates the solids in suspension and in solution and the chlorine.‘ Has also 
in Staffordshire a standard of opacity. 


Messrs. Raymond Ross & Pickles (Burnley) : 


(1) Amount of probably putrescible matter as measured by the albuminoid ammonia and 
oxygen absorbed tests. . 


(2) Total purification as measured from the improvement effected on the albuminoid ammonia. 
(3) Amount of nitrification effected and the condition of the nitrogen. 

(4) Rapidity of absorption of dissolved oxygen. 
5) 


.5) Amount of suspended matter and proportion of organic to inorganic. 


’ 


Mr. Bolton (Heywood): Chiefly relies on oxygen absorbed from permanganate figures, three minutes 
and four hours, and albuminoid nitrogen. 


Mr, Kershaw (Rotherham): Four hours’ oxygen absorption at laboratory temperature as a routine test 
Nitrate and alb. ammonia determinations are also made. 


1709 


2044 


2851 


23265 


23591 


23624 


250338 
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(103.) Wuar Test ok TESTS ARE CHIEFLY RELIED UPON IN JUDGING OF THE QUALITY OF AN EFFLUENT EFFLU- 


(continued). east 


Mr. Campbell (Huddersfield) : 


Mr. 


Mr. 


Mr. 


(1) Incubator test. 

(2) Oxidised nitrogen. 
(3) Albuminoid nitrogen. 
(4) Oxygen absorbed. 


Harrison (Leeds): The most reliable method of testing the putrescibility of an effluent is the 
* aeration test.” A really good effluent will not absorb more than 25 per cent. of its dissolved 
oxygen, and a moderate effluent from 30 to 40 per cent. 


The free ammonia test is also very useful, for generally any effluent containing only a small quantity 
will be stable with regard to the “ aeration test.” 


The “ oxygen absorbed”? and albuminoid ammonia tests give very parallel results with any par- 
ticular sewage. 


. Fowler (Manchester): Primarily, the “‘ aeration test.’” This is generally sufficient ; but, as a further 


precaution, the incubation test should be applied, and the amount of suspended matter under these 
conditions noted. 


. Carter Bell (Salford): Oxygen absorbed from permanganata in four hours, and incubation for seven 


days from 70° F. to 90° F. 


Wike (Sheffield): Putrescibility, most important test, in his opinion. Not a chemist. 


Haworth (Sheffield): Oxygen absorbed in four hours and the free and albuminoid ammonia, and 
nitrogen as nitrates and nitrites. These are confirmed by incubator test and “‘aeration test”? For 
frequent checking of quality of effluents, the oxygen absorbed in four hours, incubator, and nitrate 
tests, are convenient and reliable. 


M ssrs. Watson & O'Shaughnessy (Birmingham ): Rely chiefly on the following tests :— 


1) Suspended solids. 

(2) Albuminoid ammonia. 

(3) Oxygen absorbed. 

(4) Three minutes’ test before and after incubation. 
(5) Nitrification. 


EFFLU- 
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(103.) WHat TEST OR TESTS ARE CHIEFLY RELIED UPON IN JUDGING OF THE QUALITY oF AN EFFLUENT 
(continued). 


Dr. W. E. Adeney : Numerous experiments show that the adoption of the aeration method of analysis is 
a necessity for the estimation of the quality of a sewage effluent. 


Messrs. Willcox & Raikes: Oxygen absorbed is the most convenient test and affords the best guide to the 
quality of effluent, as it is a direct index of organic impurity. 


85 
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(104.) IS ONE STANDARD FOR ALL EFFLUENTS PASSING INTO NON-POTABLE STREAMS 


POSSIBLE AND DESIRABLE. 4 





Interim Report: Vol. II. (Cd. 686), 1902. 


Mr. F. Scudder: Reasons for not adopting standard (Sir Henry Roscoe: see also 203-4): (1) Conditions 


Dr. 


Dr. 


Dr. 


of stream vary with time of year ; (2) each industry must require a different standard ; (3) a standard 
which would be fair at head of steam, such as the Irwell, would not be fair on same river at Manchester. 
Would not so much object to standard test if it was only to be used by qualified chemist. 


Would recommend the adoption of the Mersey and Irwell standards as provisional standards for 
the whole country. Would not advocate rigid application of those standards. In fixing standards 
it is very important to describe exactly how the tests are to be carried out. 


. Naylor: Sees no reasonable objection to a standard and thinks it would have many advantages. 


Maclean Wilson: Impossible to fix standards. Not desirable to have a fixed standart, as 
amount of purification necessary would vary according to circumstances. 


Has adopted the Mersey and Irwell limits of impurity for working tests. 


. Theodore Thomson: Effluent good according to analysis may foul the stream. Again, an effluent 


may cause no nuisance in one stream, but a great nuisance in another. 


. W.S. Curphey: Disagrees with fixed standards for same reasons as Dr. Maclean Wilson. 


Making a standard sets up a limit beyond which advance is discouraged. A standard now com- 
plied with with difficulty, may with improved methods become a very low standard indeed. 


Adeney: Not desirable to have hard and fast standard. It should vary with local circumstances 
A standard might be formulated upon the quantity of atmospheric oxygen which any effluent or 
sewage will absorb during its complete conversion into a harmless condition (2428-9). 

Tn cases of small towns and villages, it would te sufficient if the effluent when mixed with stream 
will not putrefy or set up putrefaction. 


Sir H. Roscoe: Impossible to fix definite standards. The application of the best practicable means of 


treatment would bring any effluent below limits of impurity adopted by Mersey and Irwell Committee. 


Barwise: Desirable that Commission should suggest a standard, even if it were not made a hard 
and fast one. Suggests following limits :— 

Parts per 100,000. 
Suspended matter not more than - - : a ‘ A : : 2 
Oxygen absorbed in 4 hours at 80° F. not more than - - - - - 1°5 
Albuminoid ammonia not more than “ 2 : > e : : “I to °15 
Nitrogen as nitrates at least = - - - a : ; u B 2 


STAND- 
ARDS, 
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STAND- (104.) Is ONE STANDARD FOR ALL EFFLUENTS PASSING INTO NON-POTABLE STREAMS POSSIBLE AND DESIR 
ARDS. ABLE (continued). 





503 Mr. F. W. Stoddart: A proportionate reduction in impurities rather than reduction to an absolute 
fixed amount is the proper kind of standard to adopt. 


557-8 Mr. G. R. Strachan: Objects strongly to fixed standard. The destination of the sewage or effluent must 


govern the amount of purification required, 7.e., it must not cause nuisance, injury, or annoyance in 
the river into which it goes. 


His standard would vary with volume of river not with its condition 
(7597-8). 


7389-94 Alderman Hibbert: Would have one standard for all sewage works in Lancashire. 


osi9(12) Dr. Williams: Uniform standard not practicable, local circumstances differing so much. 
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12166 Mr. A. E. Fletcher : 


Strongly of opinion that the requirement of “‘ best practicable means ”’ of treatment: 
is preferable to fixed standard. . 


Fijth Report: Appendix I. 


20809 Messrs. Raymond Ross & Pickles: No. 


21208 Mr. Bolton (Heywood): A general standard is desirable. 


21496 Mr. Kershaw (Rotherham): No. 


20616 


Dr, Reid: A standard would be convenient, but a uniform standard would seem to be impracticable. 


Any standard which may be laid down should apply only to zones, as the varying characteristics of 
different districts must be taken into account. 


21711 


2044 


2487 


2852, 


3267 


3592 


25040 


25715 


26136 


26248-9 
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(104.) Is onz STANDARD FOR ALL EFFLUENTS PASSING INTO NON-POTABLE STREAMS POSSIBLE AND DESIR- 
ABLE (continued). 


Mr. Campbell (Huddersfield): Yes, but not a chemical standard. Suggests that “‘ effluent should be 
such that a sample would keep without putrefying for some days at a temperature of 80°F. in tightly- 
stoppered bottle.” 


Mr. Harrison (Leeds): Not in favour of fixed standards of purity based upon numerical values, for the 
reason that different processes, even When the same liquid is treated, produce effluents containing 
varying amounts of organic impurity, as determined by the usual tests, the quantity of which is 
no safe criterion of the power an effluent possesses of resisting putrefactive changes. 

For example he has found that the highest oxygen absorbed figure (4 hours test) for anon-putres- 
cent double contact bed effluent has been 1°62 parts per 100,000; but a continuous filter treating 
crude sewage gave non-putrescent effluents having a value as high as 2°30. 


Mr. Valentine (Oldham): Thinks not. 


Mr. Fowler (Manchester): No. 


Mr. Carter Bell (Salford): Yes, standard adopted by Mersey and Irwell Joint Committee a good and 
desirable one. 


Mr. Wike (Sheffield): No. 


Messrs. Watson & O'Shaughnessy (Birmingham): No. 


Mr. F. Scudder: Not in favour of hard and fast standards. 


Messrs. Willcox & Raikes: Different standards required for different watersheds but all might have 
certain points in common, such as absence of suspended matter and the amount of oxygen absorbed. 


Main points to be considered in classification of rivers and streams are :— 
(a) Characteristics of watershed. 
(6) Measurement of quantity and quality. 
(c) Methods of measurement. 
(d). Causes of pollution. 
(e) Interests affected by pollution. 
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HOW SHOULD A PLURALITY OR SERIES OF STANDARDS BE FORMULATED. 


105. 
ARDS. (105) TAT AMOUNT OF SUSPENDED MATTER SHOULD BE ALLOWED IN AN EFFLUENT. 
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916 Mr. Naylor: Thinks all manufacturers can reduce matter in suspension below 3 parts per 100,000. 


Maclean Wilson: If any standard is decided upon, it must be one showing amount of purification 


1367 Dr. 
as judged from the nitrates and, what is more important, the effect of the effluent on the stream. 


4160 Dr. 8. Rideal: Criticises the various standards which have been proposed for sewage effluents, and ex- 
presses opinion that the quality of the stream and not of the effluent should be taken as the basis. 

a1Gt Suggests formule for a practical standard, based on conditions of free and potential oxygen. 

es Mr. F. Scudder: Would limit the amount of suspended solids to a maximum of 3 grains per gallon. Con- 


clusion after examining large number of samples (5980). 


10049 Dr. P. F. Frankland: Suggests that the condition of the stream into which the efiluent is discharged 
must be taken into account. Except where the stream is exceptionally pure, effluent ought not to 
be of worse quality than the water in the stream. 


Lifh Report: Appendix I. 


aea0 Messrs. Raymond Ross & Pickles (Burnley): Standards which would take into consideration strength 
and volume of the sewage and velocity and volume of the stream. These to be adopted by mutual 
arrangement between local authorities and Rivers Board, and, in case of dispute, settled by Central 


Authority. 
21203 Mr. Bolton (Heywood): Suggests following standard :— 
Oxygen absorbed from permanganate in 4 hours - 1:50 parts per 100,000. - 
Albuminoid nitrogen = - : 2 2 Sy iy ee 


Non-putrescible when incubated for five days at 80° F. 

Not to destroy more than 2 volumes of aerated tap water when incubated at 80° ¥. for 48 hours. 
Nitric nitrogen present. 

Organic solids in suspension not more than 1°5 parts per 100,000. 


2149¢ Mr. Kershaw (Rotherham): A combined standard of, say, ‘15 parts alb. N. ammonia, or 1.5 parts oxy- 
gea (parts per 100,000) absorbed in 4 hours, in addition to presence of nitrates. Suspended matter, 
2 to 3 parts per 100,000 might be allowed. 


1712 


2044 


2488 


853 


593 
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(105.) How SHovntp Aa PLURALITY OR SERIES OF STANDARDS BE FoRMULATED. WHAT AMOUNT OF 
SUspENDED Matter SHOULD BE ALLOWED IN AN EFFLUENT (continued). 


Mr. Campbell (Huddersfield): If general standards are impracticable local standards should be made, 
In fixing which, following should be taken into account :— 


(1) Character of stream receiving effluent. 
(2) Nature of sewage and difficulty of its treatment. 
Not more than 5 parts per 100,000 of suspended solids should be allowed. 


Mr. Harrison (Leeds): Not in favour of fixed standards of purity based upon numerical values. A con- 
tact bed effluent should not contain more than 3 grains per gallon (4:2 parts per 100,000) of suspended- 
matter: a continuous bed filtrate may contain up to 5 or 6 parts per 100,000, if the other tests are 
satisfactory, as the solids in this case are usually better oxidised than in the former. 


Mr. Valentine (Oldham): A plurality or series of standards seems impracticable. Efficient and frequent 
inspection, with advisory and plenary powers, will probably be the best means of securing efficiency. 


From experience at Oldham, thinks that effluents containing less than 5 parts per 100,000 of sus- 
pended matter are generally satisfactory. 


Mr. Fowler (Manchester): Each case must be taken on its merits, regard being had to conditions at the 
point of discharge. 


Mr. Carter Bell (Salford): From 1 to 3 parts per 100,000 of suspended matter. (This opinion based on 


experience in connection with Ship Canal: 23364.) 


Mr. Wike (Sheffield): Standard should have some relation to the condition and volume of stream. Central 
Authority desirable to discriminate between different places. 


Messrs. Watson & O’ Shaughnessy (Birmingham): Standards must be fixed according to the local conditions 
of the particular place. Would allow 3 parts per 100,000 of suspended solids in an effluent. 


Dr. W. E. Adeney: 1s in favour of standards graduated to meet local circumstances and requirements 
A question of great practical importance, in the formulation of standards, is the question of the rate 
of the re-absorption of oxygen by water exposed to natural conditions after it has been de-aerated 
by admixture with sewage matter. Gives result of some experiments for determining this. 
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5951 


5955-6 


5988-9 


6058 


1276-82 


1607 


2398 


2399-2401 


2402-8 


2410 


2931-2 
2933 


2972 


3012 
(See also 
3041-59) 


3019 


3021 


3097-9 
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Mr. F. Scudder: Permanganate of potash test more likely to give correct information as to quality than 


Mr. 


any other test. (Can be frustrated by antiseptic treatment 693-7.) ‘ 

Incubator test most valuable one if sewage has been treated bacteriologically. (Statement based 
upon some 10,000 experiments. ) oe 

Total albuminoid ammonia gives some idea of the total organic nitrogen in effluents. Attaches 
much more importance to the rate at which the albuminoid ammonia is formed (5953). 

Purely chemical test runs parallel with biological test, and for that reason believes in permanganate 
process as giving a fair indication. 

Incubator test is valuable guide, but will not stand too much. Important to take into considera- 
tion rate at which nitrates disappear during incubation (5993). 

The incubator test, by finding out the loss of nitrates and of dissolved oxygen, is of great value in 
indicating pollution where sewage has been diluted in order to bring it within chemical standards. 


. Maclean Wilson: Important to estimate quantity of nitrates present or whether nitrates develop 


on keeping. This is a valuable guide as to the extent to which purification has been carried. Some 
effluents apparently good according to other tests will subsequently decompose. 


Santo Crimp: Chemical analysis cannot be relied upon (25 years’ experience.) Effluents good accord- 
ing to analysis sometimes become offensive below the works. This only happens with chemically 
treated effluents (see 1750). 


Dr, Adeney: Free ammonia determination is valuable as indicating degree of foulness of sewage; and 


it may indicate in sewage that has been kept whether fermentation is going on or not. 

Albuminoid ammonia determination in the case of sewages and effluents has no value. : It affords 
no indication whatever of quantity of organic matters‘in the liquid, seeing that no albuminoid ammonia 
is yielded by such important fermentable constituents of sewage as urea and non-nitrogenous sub- 
stances, e.g., soaps, fats, etc. 

Essential thing in analysing sewages or effluents is to distinguish between what organic matters 
are not fermented and what are, and to determine the quantity of the former. Neither albuminoid 
ammonia nor the permanganate test will enable these distinctions to be made. 

Nitrogen estimation is an excellent index of the accuracy with which the analyses have been made. ~ 
No other significance. ; 

Presence of nitrites is an indication that fermentation has not been completed. Nitrates indicate 
complete purification. 

Oxygen absorbed tests quite worthless for giving any exact idea as to character of sewage. The 
tests do not distinguish between unfermented and fermented organic matters. Again, the perman- 
ganate of potash acts slowly upon certain albuminous bodies ; it will not oxidise all the organic matter 
even when added in excess. 


- Sims Woodhead: Absorption of oxygen is a reliable test for general purposes. 


Would prefer estimation of nitrates to estimation of albuminoid ammonia. 
As a ready method, incubator test is of much greater value than chemical analyses. 


Sir E. Frankland: Incubator test not always reliable. Some effluents which ‘are highly polluting when 


turned into running water do not become offensive in bottie. 

Oxygen absorbed test, though better than none at all, 1s fallacious in several ways. There may 
be reducing agents present which would not be putrefactive in the stream, but which would absorb 
oxygen from the permanganate. 

Albuminoid ammonia test of no value at all, because it yields such very different results with different 
organic compounds. 

Considers both albuminoid ammonia and oxygen absorbed tests untrustworthy when used with 


a mixture of so many and various substances as in a sewage of a town. Albuminoid ammonia the 
more uncertain. : 


581 
586-8 
611 


785 


847-51 


3852-3 


1260-1 


4262-6 


4975 


8655-65 
8666 


10042-3 
10044-5 


20814 
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(106.) Vaturs ArracHED To DirFERENT CHEMICAL TESTS (continued). 





Sir H. Roscoe: Oxygen absorption is a means of determining organic matter. : 

Regards determination of albuminoid ammonia as important as showing that oxygen absorption 
test is not always reliable. Both tests should be taken together. 

Chlorine estimation not of very great importance so far as he is aware. More a measure of the 
domestic sewage than anything else. 

Does not think incubator test alone is sufficient. Must in all cases be strengthened and controlled 
by chemical analysis (free and albuminoid ammonia and oxygen absorbed). 

Does not consider that testing for nitrates is of essential value. 


Mr. Dibdin: Oxygen absorbed and albuminoid ammonia tests are not accurate as measures of the organic 
matter. Oxygen absorption is more a measure of organic matter in a particular condition. 
Incubator test is not an absolute one. (Has not used it himself.) 


Dr. S. Rideal : 
As a general rule, chlorine in sewage is sufficiently constant to make it a basis for statement of 
analysis. Analyses would be much more readily comparable if they were referred to total chlorine. 
Estimations of albuminoid ammonia and oxygen absorption of no value by themselves. Albu- 
minoid ammonia test very unsatisfactory and misleading ; quantity of albuminoid ammonia in effluent 
may be well below usual standards and yet the effluent may be of a very dangerous character. Much 
depends upon its derivation. 


Suggests the ratio of nitrate to organic matter, organic nitrogen, as a quick test. 


Dr. Letts: Does not think well of the permanganate tests. As a scientific test, its results are often mis- 
leading. From his experience with Belfast sewage, is inclined to think more highly of albuminoid 
ammonia test; not much discrepancy between albuminoid ammonia and organic nitrogen. 


Dr. P. F. Frankland: Incubator test of great value. 
Three minutes oxygen absorption test gives a very rapid indication of what is going on, of what 
the amount of organic matter is. Suitable test for a workman. 
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Messrs. Raymond Ross & Pickles (Burnley) : 


Four hours’ oxygen test a useful comparative test. 

Albuminoid ammonia test still more useful for indicating amount of treatment required (see also 
21053-6). 

Nitrogen determination by Kjeldahl much more satisfactory than albuminoid ammonia 

Three minutes’ oxygen test is useful indication of amount of trade effluent present. 

Dissolved oxygen test greatest possible value for effluents. 

Nitrites and nitrates indicate reserve of oxygen and the extent of purification. 


TESTS. 


TESTS. 


21207 


21716 


22044 


22484* 


22491 


5 
22857 
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VALUES ATTACHED TO DIFFERENT CHEMICAL Tests (continued). 


Fifth Report : Appendix I. 





Attaches most value to oxygen absorbed test from permanganate. Generally 


harmonises with cther tests. 

Chlorine test valuable to indicate whether sample of effluent is representative of preceding sample 
of sewage. 

Nitrites and nitrates indicate condition of bed. 

Albuminoid nitrogen affords clue to putrescible matter. 

“ Aeration test” of great importance, as indicating the effect the effluent will have on river. 

Secondary decomposition test important, as it shows whether effluent will give rise to nuisance 
through developing offensive odours. 


Campbell (Huddersfield): Chlorine generally good guide to strength of sewage, though local conditions: 
must be taken into account. 

Albuminoid nitrogen and oxygen absorbed tests give fairly good indication of substances destroyed. 
These two should be done side by side. 

For effiuents, incubation test the most valuable. Next in importance is oxidised nitrogen, as this 
indicates working condition of bed. Oxygen absorbed in four hours along with three minutes’ test. 
valuable indication of oxidation. Albuminoid nitrogen also good test of purity. 


Harrison (Leeds): Oxygen absorbed tests (four hours and three minutes) are not a safe criterion 
of the power an effluent possesses of resisting putrefactive changes. 

“ Aeration test”? is most reliable method of determining putrescibility of an effluent. 

Free ammonia test is also very useful. 

Oxygen absorbed and albuminoid ammonia tests give very parallel results with any particular 
sewage. : 

As regards amount of suspended matter, contact bed effluent should not contain more than 4:2 
parts per 100,000, and a percolating bed filtrate not more than 5-6 parts per 100,000, if other tests: 
are satisfactory. . 


Valentine (Oldham) : 


(a) Incubator test. Regards this as the u timate tes‘. . 

(b) Oxygen absorbed in four hours from permanganate: Arbitrary figure undesirable. By this: 
test the effluent should be judged according to percentage purification (say 60-65 per cent.. 
on the tank effluent as indicating a satisfactory degree of purification). 

(c) Albuminoid nitrogen test: Should be used on the same lines as the oxygen absorbed -test, 

but a percentage of purification of 55 would be sufficient by it. 

(d) Nitrate test: Not applicable to Oldham sewage. 

(e) “* Dissolved oxygen” test: Higher percentage purification desirable with this test (say 70: 

per cent.) than with absorption of oxygen test. 


lr, Fowler (Manchesier): Refers to his lecture, “The Application of Chemical Analysis to the Study 


of the Biological Processes of Sewage Purification,” delivered at the Public Health Laboratory at. 
the University of Manchester, March 14th, 1904. 


Mr. Carter Beil (Saljord): Considers that oxygen absorbed and albuminoid ammonia tests are quite 
suf€cient. vd 
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(106.) Vaturs Arracn=p ro Df#rrerent CuEemicat Tests (continued). 
rd 


—s 





626 Mr. Haworth (Sheffield) : 


(1) Oxygen altsored in jour hours. Useful in indicating approximately the total work of puri- 
fication required and general efficiency of result. 

(2) Free and saline, and albuminoid ammonia. Indicuie, in combination with (1) the general 
character of impurities in sewage and the progress of the purification. 

(3) Nitrogen as nitrates and nitrites. Indicate efficiency of process, and most valuable as indi- 
cation of quality of effluent and condition of bed. 

(4) Suspended solids. Of greatest value, as bearing upon capacity of filters and effects upon 
streams. 

(5) Incubator test. Most valuable as determinirg liability of effluent to putresce. 

(6) Rate of absorption of dissolved oxygen. Of great vaiue as indicating probable effect upon 
water of streams. 


676-8 Putrescibility test a satisfactory one. 


043 Messrs. Watson & O'Shaughnessy (Birmingham) : 


(1) “ Dissolved solids’ estimation a very useful and rapid check on general method of purifica- 
tion ; it also often readily indicates abnormal conditions of liquid being treated. 

(2) “‘ Suspended solids” test of great importance. 

(3) “ Free ammonia ” test is interesting as indicating either the history or condition of sewage. 

(4) “ Albuminoid ammonia ”’ figure is a most important one, as indicating the relative efficiency 
of different methods of treatment. 

(5) “ Nitrification” test indicates the conditions in the filter. 

(6) “‘ Oxygen absorbed in four hours at 80°F” perhaps the most useful test. 

(7) ‘‘ Three minutes’” test is a ready means of determining the putrescibility of a liquid. 


578 Dr. Adeney; Numerous experiments show that the adoption of the aeration method of analysis is a 
necessity for the estimation of the quality of an effluent. 
626 Aeration test when completely carried out can be relied upon: but believes that some additional 


tests, as ammonia determinations, or as the permanganate test, are necessary in ordinary practice 


3 as a protection against the use of antiseptics. 
692 Mr, F. Scudder: Dissolved oxygen test very valuable for discriminating between good and bad samples. 
= Not so applicable for judging between ‘fair’ and “ unsatisfactory’ effluents. His conclusion 


is that any effluent which, when mixed with tts own vo'ume of tap water and incubated at 75° for 
three days, still contained oxygen, would be excellent. That is all the value he places on the test. 


5140 Messrs. Willcox and Raikes: Oxygen absorbed test is preferable to any other on account of its simplicity. 


TESTS, 
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(107.. VIEWS WITH REGARD TO THE QUANTITATIVE “DETERMINATION OF THE 
“STRENGTH * OF A SEWAGE, TANK LIQUOR, ETC. 


Fifth Report : Appendix I. 


Messrs. Raymond Ross & Pickles (Burnley): (1) CRUDE SEWAGE. 


(a) Most important points to be determined are the suspended matter, and the ratio of organic 


to inorganic matter. 
(b) The saline and organic ammonia should be determined for organic strength. 
(c) Three minutes oxygen test should be used as an indication of the amount of trade effluent. 
(d) Determination of amounts of grease and cellulose also useful, and in some cases, absolutely 


necessary. 
(2) TANK LIQUOR. 


(a) Additional amount of ammonia should be found. 
(b) Reduced amount of suspended matter. 


(3) PRIMARY CONTACT BED EFFLUENT. 
(a) Decrease in free ammonia of 40-50 per cent., and about the same in albuminoid ammonia. 
(b) Hydrolysis is requisite, but not nitrification. 

(4) SECONDARY CONTACT BED EFFLUENT. 


(a) Reduction of albuminoid ammonia to lowest point. 
(6) Oxygen absorbed should be low. 
(c) Nitric nitrogen high. 


Mr. Bolton (Heywood): Suggests the following as indicating strength of sewage, ete :— 











ee ees ae : Albuminoid nitrogen. “Strength.” 
9 and above. ‘9 and above. Strong sewage. 
5 to 9. *5 to °9. Fairly strong sewage 
5 and under. *4 and under. Weak sewage 
5 and above. *4 and above. Strong tank liquor 
3 to 5. °2 to °4. Fairly strong 
Under 3. Under °2. Weak tank liquor 








(parts per 100,000) (parts per 100,000) 





Mr. Kershaw (Rotherham): Results of four hours’ oxygen absorption and the albuminoid determinations- 
are the two most useful. 


Mr. Campbell (Huddersfield): Strength best determined by 


Albuminoid nitrogen i 
Oxygen absorbed 
Solids in suspension. 
Chlorine Indicates variations in strength in different weathers. 


Indicate strength in matters to be destroyed. 


Mr. Valentine (Oldham): Comparative tests should be instituted setting forth results obtained with the- 


raw sewage, settled sewage, ete. Oxygen absorption, and ammoniacal and albuminoid nitrogen tests. 
give good idea as to,‘ strength.” 


— 


73 


27 


44 
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(107.) Virws wirH REGARD TO THE QUANTITATIVE DETERMINATION OF THE “ STRENGTH ” OF A SEWAGE, 


Tank Liquor, ETC. (continued). 


Mr. Carter Bell (Salford): ‘* According to the amount of chemicals it requires.to purify 1,000,000 gallons.” 


Mr. Haworth (Sheffield): For practical purposes, strength is conveniently and satisfactorily indicated by 


the oxygen absorbed in four hours, and free, saline, and albuminoid ammonia, and suspended solids 


determinations. 


Messrs. Watson & O'Shaughnessy (Birmingham): In absolute terms, “strength” is represented by the 


amount of oxygen necessary to completely oxidise the organic impurities in a given unit of volumes 
For practical purposes, “strength”? may be measured by a comparison of the “‘ oxygen absorbed ” 
figure in the liquid under consideration with that of the corresponding figure in an admittedly good 
effluent. 


Dr. W. HE. Adeney: Gives results of certain experiments supporting the view heid by him that the adopt- 


tion of the aeration method of analysis is a necessity for the accurate determination of the “ strength ” 
of a sewage or tank liquor, for the estimation of the quality of an effluent, and for the formulation 
of standards for effluents. These results are confirmed by a large number of other experimental 
investigations. 


What is required to be known is the volume of oxygen absorbed, and, further, if very efficient puri- 
fication is required, the volume of oxygen absorbed during the fermentation of part oc whole of the 
ammonia remaining in the liquid after the fermentation of the organic substances. Suggests a method 
by which rapid fermentations can be obtained. 
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+ 21205 


21499 


21714 


22489 


22855 


23594 


24333-4 
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(108.) HOW FAR SHOULD A SEWAGE INSTALLATION BE WORKED AUTOMATICALLY. 





Fifth Report: Appendix I. 


Messrs. Raymond Ross 4: Pickles (Burnley): Automatic apparatus not advisable in works of any size, and 


Mr. 


Mr. 


Mr. 


Mr. 


My. 


~~ 


Mr. 


Ss 


Mr. 


even in small works frequent supervision would be necessary. 


Bolton (Heywood): Automatic apparatus an essential feature of percolating filters working inter- 
mittently. 


Kershaw (Rotherham): No sewage works of any dimensions should be worked automatically. Works. 
require constant personal attention. 


Campbell (Huddersfield): Inadvisable in case of large installations. Sewage treatment can only be 
properly controlled by careful supervision and frequent tests. 


. Valentine (Oldham): Objects to use of automatic gear in connection with contact beds, as it is not 


adjustable to variations in flow, strength, etc., of sewage, and is liable to become deranged; manual 
labour is less expensive and is safer and more reliable. 


Fowler (Manchester): Automatic working not desirable or useful in large works. Some simple 
automatic apparatus is often useful in small installations, but more with the object of minimising 
supervision than dispensing with it altogether. 


Carter Bell (Salford): ‘ Automatic working is preferable.”’ 


Wike (Sheffield): Ordinarily, automatic working is not advisable, as its efficiency depends upon a. 
uniform flow and quality of sewage. 


Wilkinson (Manchester) : Automatic gear needs persunal supervision, and it is only useful for small 
works where the constant service of even one man cannot be afforded. 
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(108.) How Far SHOULD A SEWAGE INSTALLATION BE WORKED AUTOMATICALLY (continued). 





4482(p.580) Dy Reid: For economical reasons, automatic working as far as possible is advantageous in small works. 
Not so essential in large works where men are always on the spot. For filters in any case, some form 
of automatic distributor is needed. 


= Messrs. Willcox and Raikes: Automatic apparatus can only be considered an economical substitute for 
manual labour, intelligent supervision being essential in either case. 
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NAMES OF PLACES AT WHICH OBSERVATIONS WERE MADE. 


Accrington and-Church =~ — - 
Andover - - 

Calverley : f 

Caterham Barracks 

Chorley - - 4 

Clifton - = 5 . F 
Exeter (Main Works) — - - 
Exeter (St. Leonard’s) 
Guildford 

Halton - 

Hampton 

Hartley Wintney 

Hendon - 


Hendon (Experimental Process) 








Horfield _— 


Kingston-upon-Thames 


Knowle 


Little Drayton - 


Misdatoua 


Newton-le- Willows 


Normanton 
Oswestry 
Prestolee 
Rochdale 


Slaithwaite 


‘Withnell 


York - 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


APPENDIX III. TO FIFTH REPORT. 
Memoranda giving the results of observations on various processes of sewage 
treatment made for the Commission by Dr. G. McGowan, Dr. A. C. Houston, Mr. C. 
€. Frye, and Mr. G. B. Kershaw. 


The following Appendix contains the results of observations made for the Commission 
at twenty-seven sewage works and experimental installations within the years 1902-6 (in 
all but two cases, within 1902-5), together with a few earlier observations at two of the 
stations. The reports were presented to the Commission some little time after the 
observations were completed, but their correction for the Press had to be delayed, mainly 
-on account of other work in connection with the Commission’s Fifth Report. 

The various installations which were under observation covered practically all the 
‘main processes of sewage purification by biological filters at the time when the scheme of 
investigation was projected, and they were in our opinion the best examples of these, for 
the purposes of observation, though not necessarily the most perfect examples in every case. 
They included the treatment, in different ways, of strong, medium and weak water-closet and 
slop-water sewages, often containing a variety of trade refuse, though in no case was the 
latter present in such quantity as to interfere materially with the working of the process. 
It should also be stated here that further evidence relating to biological filtration, in 
connection with various large towns and cities, was collected independently by the 
Commission from the local chemists and engineers. 

The importance of correctly gauging the flow of sewage and of drawing average 
samples over the twenty-four hours of the day, according to the rate of flow, has already 
been emphasized in the Commission’s recent Report. It is impossible to lay too much 
‘stress upon those two points. 

When characterizing an effluent as regards quality, we have always referred to the 

effluent by itself, without considering the volume, character, or use of the stream into 
which it might pass, or any other external circumstances. 
' As everyone knows, the “oxygen absorbed” from permanganate test—among 
others—is an empirical one, but calculations of percentage reduction which are based 
upon it are of considerable practical value, and they have therefore been used 
throughout this appendix. 

The incubation results are sometimes given in words, as “‘ passed ”’ (?.e., was satisfactory) 
and “ failed ” (7.e., unsatisfactory), and sometimes in the symbols + and —. The symbol 

+ is used in the same sense as the word “passed,” and the symbol — as the word 
“failed.” 

The general deductions drawn from these observations have been given in the Fifth 
Report of the Commission. 3 

We have invariably had every facility afforded us by the Local Authorities, and 
we cannot sufficiently express our obligations, both to them and to the Officials in charge 
of the different sewage works. 
| GEORGE McGowan, | Chems 

Cotin C. Frye, — { feet 
A. C. Houston, Bacteriologist. 
May, 1909. G. B. KErsHaw, Engineer. 





Note sy Dr. McGowan. 


The chemical methods followed in the work of this Appendix have already been fully 
described in the Fourth Report of the Commission, Vol. IV., Part V. (1904). One or 
two points bearing on the subject require, however, a short reference :— 


Determination of Albuminoid Nitrogen. 


In determining ‘free * and “‘albuminoid ” ammonia, as specified in the above Report, 
distilled water made from a continuous-feed copper still, without an “‘anti-spit’’ tube 
attached to it, was used, up to near the end of 1905. Such water necessarily contains a 
small and varying amount of ‘‘ free ’’ ammonia, and for each bottle of it used a correction 
has to be made for this, in Nesslerizing (loc. cit., p. 13). Distilled water prepared in this 
way was eventually found, however, to be sometimes unsatisfactory for the exact 
estimation of albuminoid ammonia in effluents, because it contained traces of nitrogenous 
organic matter which had come over either by distilling or by spitting, or both, and also 
because the “free ammonia ”’ present was not infrequently rather high. 

In going over the results of the analyses given in this Appendix, therefore, the figure 
obtained for albuminoid nitrogen in filter effluents has been nearly always rejected when 
the ‘‘ammonia correction” of the distilled water used was high, relatively to the total 
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“albuminoid ” ammonia nesslerized,—-say, more than 1; 3 (in the case of sewages and 
tank liquors the point hardly comes in). This is not entirely satisfactory, as the above: 
ratio may conceivably be high, from the presence in the distilled water of “free ammonia 
only, and the albuminoid ammonia determination be right, while the converse might also 
hold. Still, after consideration of the whole question, including a study of other figures of 
the analyses, we consider that the figures given for albuminoid nitrogen in the filter 
effluents, together with any deductions drawn from them, may be taken as substantially 
eat Seudder’s criticism as to the inadvisability of using such cont’ uous-feed distilled 
water has thus been justified. For some years past we have abancuned its use for this. 
purpose, and have substituted for it water distilled from a glass flask after being slightly 
acidified with sulphuric acid. 1 

It may be added, however, with regard to continuous-feed distilled water from 
a copper still, that by interposing between the still and the condenser a rather wide 
“anti-spit ”’ tube, devised by Mr. A. F. Girvan (see appended figure), the ‘‘ albuminoid ” 
ammonia in the distilled water obtained is reduced to so low a figure as to be usually 
negligible. 


7 crm 





“Oxygen absorbed’? Test—In the determination of “oxygen absorbed” from per- 
manganate, the permanganate used has invariably been a solution of “strong,” 
i.€., ® permanganate (3°94 grm. Kmn Q, per litre). 

Incubator Test.—The incubation results are given as (a) Incubator test (Scudder) and 
(6) Incubator test (by smell). 

In the case of (b), the sample was said to “ fail” if it had a putrid smell after incubation. 
With regard to (a), it is not strictly correct to refer to this as Mr. Scudder’s incubator 
test. He uses “‘ weak” permanganate (0°394 grm. per litre) and allows it to act for three 
minutes, while we have used “strong’’ permanganate and have titrated “‘at once”’, 7.e.,. 
after the lapse of about halfa minute. In summarizing the results obtained on incubation, 
the test ‘ by smell” is referred to. 

Determination of Absorption of Dissolved Oxygen.—The determination of dissolved 
oxygen absorption by effluents, etc., has been made in nearly every case by Winkler’s. 
manganese method, as modified by Rideal and Stewart, though in some instances the copper 
chloride method of Ramsay and Miss Homfray has been used. 

The earliest part of the chemical work of this Appendix was carried out by 
Miss Harriette Chick, D.Sc. The greater part of it was, however, done by Mr. R. B.. 
Floris, F.I.C., now Chief Chemical Assistant under Dr. Houston, Director of Water 
Hxaminations, Metropolitan Water Board; Mr. R. F. Finlow, B.Sc., now one of the 
Agricultural Chemists to the Indian Government; Mr. Eric H. Richards, B.Sc., who has 
for nearly four years past been in charge of the Commission’s Experimental Station. 
at Dorking; and Mr. A. C. Carter, F.I.C.; while Mr. A. F. Girvan, B.Sc. and Mr. W. G. 
Winterson, B.Sc., have also given material assistance in the later stages. The work has 
often been very arduous, but it has been carried out for the Commission by Miss Chick 
and the various gentlemen named with the utmost care and thoroughness, so that it is 
a duty as well as a pleasure to draw attention to it. At the same time I should like 
to express my own hearty thanks to them for the constant and unwearied help which 
they have given to me. 


GEORGE McGowan. 


Note by Dr. Houston. 


Most of the bacteriological analyses in connection with this enquiry were carried out 
by Miss Hartley, and the work was most efficiently and carefully done. I have also, 
however, to acknowledge the able assistance rendered during the earlier stages of the 
investigation by Miss Chick and by Miss Power. . 


A. C. Houston. 


ACCRINGTON AND CHURCH OUTFALL SEWAGE WORKS. 


1. Situation of works - g Es Sey Os 


Nine 
rah 
9. Method of treatment : : - c ‘ 


3. Population draining to works during observations 


4. Water supply in oe ie head and whence 
obtained - : : F 


. Number of W.C’s Z E Z ; 2 E 
. Sewerage system ‘ : u - E 


. Average dry weather flow in gallons per 24 hours 


. Gallons of sewage per head perday - -_ - 


Oo 8 A. mm oO 


Character of the sewage - - £ ! 
10. 
Tie 
12. 


Period of observations Z i B i fh 
Age of filters - - : ; : : E 


Amount of storm water treated on filters during 
observations 


13. 
14. 
15. 
16. 
17. 


Total capacity of tanks in gallons ~— - - - 


Total area of filters in yards super. - - ‘ 


Total cubic content of filters in yards cube 


Nature of filtermg medium = ; : 


24 hours (all filters included) - - 


18. Gallons of tank hquor treated eet \yasg cube 
per 24 hours - - : 


19. The final effluent is discharged nto- -~ - 


Gallons of tank liquor treated per yard Super. per 


Coppy Clough, about 1 mile from 
the centre of the districts 
sewered. 


Open septic tank followed by 


continuous filtration through 
percolating filters of coarse 
material. 


46,300 (estimated average). 


21.—Local gathering grounds—a 
fairly solt water. 

10,000. 

Combined. 

1,180,000. 

25°4. 

A strong domestic sewage.* 

July, 1800 to Dec., 1904, 

From three months to two years. 


About twice the dry weather flow. 


2,077,180. 
4,522. 
12,934. 


2 filters, clinker, 12 filters, coke. 
400 to 450. 


133 to 150. 


The river Hyndburn, a. small 
- stream polluted by discharges 
from print and dye-works which 
flows into the rivers Calder and 


Ribble. 


* The majority of the population is served by -water-closets constructed on what is called the “ waste- 
water system,” in which the closets are flushed with slop water and in wet weather also by water from the 


back roofs of the houses. 


there being something like 2,000 pails ; 


But a considerable portion of the population is still served by the pail system, 
as the contents of these are tipped into a tank at the depot which is 


flushed into the sewers twice a day, they may be looked upon as having much the same effect on the sewage 


as water-closets. 
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FLOW OF SEWAGE. 


As a result of the combined system. of, sewers, the volume oi sewage carried to the 
works is much increased during wet weather. There are thirteen overflows on the system, 
however, which come into operation at six times the dry weather flow, and one of these 1s 
situated close to the works on the main sewer. More than six times the dry weather flow, 
therefore, is seldom brought to the works. 

Up to the year 1901, 7.<., during a part of our observations, the whole of this increased 
volume up to six dilutions was passed through the septic tanks, but not more than twice the 
dry weather flow was filtered, the rest of the septic liquor being turned direct to the river. Since 

1901, however, the authorities have, at the suggestion of the Ribble Committee, diverted 
everything above twice the dry weather flow by means of the storm overflow situated 
on the main sewer. From this time, therefore, not more than about twice the dry weather 
flow has been passed either through the septic tanks or on to the filters. 


As the flow of sewage at Accrington has been carefully gauged by Mr. W. J. Newton, 
the Borough Surveyor, we have thought it unnecessary to make any gaugings ourselves. 


The dry weather flow is 1,180,000 gallons per day. It is of a rather uneven character, 
and varies, as’a rule, from a maximum rate of something like 1,500,000 gallons per day, 
which occurs at’ about'6 p.m., to a minimum rate of about 700,000 gallons per day, which 
continues during the night and the early hours of the morning. The highest day’s flow 
of about 1,249,000 gallons occurs on the Monday of the week, and the lowest, about 
800,000 gallons, on the Sunday. In very wet weather, owing chiefly to the combined 
system of sewers and the hilly nature of the district, the fluctuations in the flow are 


both large and rapid. | 
Subsoil Water.—Mr. Newton estimates the amount of subsoil water gaining access to 
the sewers to be about one-sixth of the total daily dry weather flow. | 
Crude Sewage.—Three sets of hourly samples of crude sewage, one chance sample, and 
a sample of storm overflow discharge were examined chemically. 


Of the hourly samples, No. 2,894, drawn at the end of August, 1900, in dry weather, — 


represented an average of 72 hours (Monday to Wednesday), in equal fractions every hour.* 
No. 2.898, drawn in the middle of October, 1900, was an average of 24 hours (Monday 
to Tuesday), in hourly fractions according to the rate of flow. No. 2,903, drawn at the 
beginning of November, 1900, during rather wet weather, was an average of the whole 
seven days of one week, in hourly fractions taken roughly according to rate of flow. 
Although its composition no doubt altered to. some extent in the course of the week, 
the figures of analysis are given here, mainly with a view to the suspended solids. _ 


The chance sample of sewage, marked “C,” was drawn on Wednesday, February 19th.- 


1902, at 12.10 noon, the sewage being at the time somewhat diluted with melted snow. 


No. 3,424 was a sample of storm overflow discharge, drawn in dry weather on Tuesday, 
March 15th, 1904, at 3.45 p.m., with the storm overflow just working. . - 


The figures of analysis of the above samples had best be given separately. 




















_ Storm 
at & Hourly Samples. Knee Overflow 
Parts per 100,000. a Discharge. 
No. 2,894. | No. 2,898. No. 2,903.) “0.” ||. 3,494. 
Ammoniacal Nitrogen- - - - | 592 4:44 2°30 6°59 3°74 
Albuminoid Nitrogen - = - | -w3 - 0°74 062 0:54 1909 | 140 
Total Organic Nitrogen- —- - ; 3°46 9-15 1:92 413 4 60 
Total Nitrogen <9; - + =) #97 = 9°38 6°59 4:22 10°72 8°34 
Peed absorbed” in 3 minutes at 27° C. 4:50 1:55 O11 6°59 3:97 
Lbs 80° F.) | iviok . 
bad en steed ” in 4hours at 27° C.: 17:08 9:93 8°75 27°55 34:03 
80° F.) . 

RT 6159 Crs ur Cc ey a es RNR i 16°26 8°60 
Solids in Suspension = - - - - 5660 29°90 30°30 49°40 
Solids by Centrifuge (vols.)-  - 338°0 2830 

‘Ratio of Solids in Suspension to Centri- 1:57 
fuge Solids 
Total Iron (expressed as Metallic Iron, Fe) 0-91 0-86 





* The fractions from 2 a.m. to 5 a.m. each day were omitted because of the very small flow at that time. 
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The foregoing figures show that the Accrington dry-weather summer sewage is distinctly 
strong in every respect, and with a large quantity of suspended solids ; in wet weather it 
falls to about average strength or less, though the solids apparently never reach a very low 
figure. The chance sample, ‘CO,’ drawn at mid-day in the month of February after a 
week’s frost, but with some water from melted snow getting into the sewers, was an 
exceedingly strong sample. The sewage, therefore, which the septic tanks and filters 
at Accrington have to treat is generally over average strength. 


It will be noted that this sewage contains about one part of iron per 100,000. 


The sample of storm overflow discharge examined, No. 3,424, was, as already 
mentioned, drawn in dry weather. It was a particularly strong sewage. 


Bacteriological Notes.—Only a few samples of crude sewage were -examined -and- the 
results are given in a later portion of this report. OH 


The Screens.—On its way to the septic tanks the sewage passes through a half-inch 
screen, which is raked by means of a hand wheel about once an hour throughout the-day. 
The screenings are mixed with dried sludge and sent away to the land in sludge boats. 


THE SEPTIC TANKS, 


























Number- ~*~ 6. 
DIMENSIONS AND PARTICULARS. 
Area in Area in | Capacity 
Number. gree a Dimensions. square square in 
ank. ; 
yards. feet. gallons. 
1 8ft. Gin. 101ft. 9in. x 59ft. 8in. 6745 6,070°5 322,495 
2 Sft. Gin. 101ft. Yin. x 59ft. 8in. 6745 6,070°5 322,495 
3 Oft. Oin. 101ft. 8in x 58ft. Qin. 657 5,913 | 332,610 
4 9ft. Oin. 101ft. 8in. x 58ft. Qin. 657 5,913 332,610 
5 9ft. Oin. 101ft. Oin. x 67ft. Gin. 7575 6,817°5 383,485 
6 9ft. Oin. 101ft. Oin. x 67ft. Gin. 7575 -  6,817°5 383,485 
Total capacity - - 2,077,180 gallons. . | 


Construction.—Brick and cement with concrete bottoms. Each tank is fitted with 
sludge valves and floating arms, for the purpose of cleaning. 


Bleue Through. —With the dry ay enihier flow of 1,180,000 gallons per day, the, flow. 
through the six tanks generally in use during our observations would be once in 42 hours, . 
at the rate of 1°45 inches per minute. 


Working.—During. the observations six tanks have as a rule been at work, used in. 
two series of three tanks each. Originally they were worked as one series of six, but it. 
was found that a better tank liquor—more particularly as regards suspended matter— 
was obtained by using the tanks in two series of three, the reason for this being that 
the rate of flow through any one tank was thus reduced by one half. 


Towards the end of the observations, however, a third method was adopted. In this. 
the sewage passes through one preliminary tank and is then divided, half of it flowing 
through the two subsequent tanks on the one side and half through the two tanks on the 
other. The preliminary tanks are therefore used alternately for the ordinary flow. The 
object of this plan is that one preliminary tank may be kept empty to deal with the first 
rush of storm-water during wet weather. 


Sludging.—The length of time between two sludgings of the septic tanks 
at Accrington depends largely upon the rate at which the sludge from the earlier cleaning 
dries in the lagoons. The history of the tank sludging cannot, therefore, be considered 
as a true criterion of the method which the authorities would adopt if more space 
was available for lagoons. It may be said, however, that the tendency now is to sludge 
the tanks, and especially the two preliminary tanks, more frequently than before. 
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Since the commencement of the septic process in February, 1898, up to the end of our 
observations, the cleanings have been as follows :— 


February, 1898 - - - - - - Tanks first used. 

July, 1898 - : : < - - - All tanks sludged. 

July, 1899 = = dcsneyse oucnevn-yove ier eee 

April, 1900 - . - : : 5 2 Tanks Nos. 1, 5, and 6 sludged. 
November, 1900-  - - - - -  Jank No. 2 sludged. 

July, 1901 - - - - : - All tanks sludged. 

July, 1902 - - - - - . - All tanks sludged. 
November, 1902 - -  -  -  -  - Tanks Nos. 1 and 2 sludged. 
August, 1908 - - - -  -  - Alltanks sludged. 

June, 1904 -.  - 5 - - - All tanks sludged. 

October, 1904 - - -  -  -  - All tanks sludged. 


After drawing off the supernatant liquor the sludge is removed, by allowing it to gravi- 
tate to the sludge lagoons, where it dries naturally. When dry enough to be spadeable, it 
is sent up the steep side of the quarry by means of a truck-way and deposited in the barges 
on the canal, to be taken to the more agricultural districts in West Lancashire. The 
barge-owners pay on the average about £2 10s. per boat-load of 45 tons. The boats 
are loaded by the Board, the average cost of fillmg a boat from the works being 
about 25s. 


The drying process is naturally a slow one, and until the sludge becomes fairly dry a 
considerable smell is often apparent round the lagoons. In dry weather the sludge 
may become spadeable in from two to three months, while in wet weather it may 
require about six months. 


Careful calculations have been made by Mr. Newton in order to determine the 
difference between the present sludge production and that when precipitation was in 
vogue. They show that at Accrington the septic process, although giving a tank liquor 
which contains a larger quantity of suspended matter than the precipitation process gave, 
effects a reduction of approximately 75 per cent. in the sludge to be dealt with. The actual 
quantity of septic sludge produced, per annum, only amounts to an average of about 
3,000 tons; it contains, as a rule, about 90 per cent. of water. 


The evidence as to the degree of digestion of sludge in the septic tanks at Accrington 
appears to show that this is only small, and that the three main reasons for the difference 
between the sludge produced from the present septic tanks and the former precipitation 
tanks are :— 


(1) That the chemicals brought down a considerable quantity of solid matter 
which is not precipitated from solution by the septic treatment. _ 


(2) That the sludge obtained from the septic tanks is more concentrated than 
that from the precipitation tanks ; and 


(3) That a great deal more suspended matter goes away in the septic tank 
liquor than was the case in the precipitation liquor. 


Septic Tank Liquor.—Seven sets of hourly samples and four chance samples were 
examined chemically. Of the hourly sets, which were all taken in equal fractions per hour, 
No. 2,895, drawn at the end of August, 1900, in dry weather, represented 72 hours’ flow® ; 
No. 2,899, drawn in the middle of October, 1900, 48 hours ; and No. 2,904, drawn in the early 
part of November, 1900, one week’s flow. Speaking roughly, at the time those samples 
were taken, three of the six tanks had run for over a year without being cleaned, and 
the other three had run for four to six months. The remaining four sets were drawn in 
May, June, July and September, 1901, mostly or altogether in warm, dry weather, each of 
them over a period of 24 hours. Since all the tanks were sludged in July, 1901, the two 
last sets of samples (July and September) were taken shortly after this cleaning. The 





* The fractions from 2 a.m. to 5 a.m. each day were omitted. 
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above sets, taken altogether, probably give rather higher figures than the true average of 
the composition of the septic tank liquor at Accrington for the year ending September, 
1901, seeing that five of the seven sets were drawn in the warmer months of the year. 


The following results were obtained :— 











Parts per 100,000. Average. ieee 
Ammoniacal Nitrogen - - - - - = (2:84 to 6°75) 5:03 (7) 
Albuminoid Nitrogen -~ - . See? - (0°29 to 0°81) 0:34 (7) 
Total Organic Nitrogen - - : - - (1°46 to 2°42) 1:81 (7) 
Total Nitrogen - - Ooo - ; : - (4:00 to 8:38) 6°84 (7) 
“ Oxygen absorbed ” in 3 minutes at 27° C. (80° F.) (1°51 to 3:20) 2°17 (7) 

.9 % in 4 hours 5; % - (6°64 to 11:04) 8°67 (7) 
Solids in Suspension — - - - - - (14:30 to 22:10) 19°40 (7) 
Solids by Centrifuge (vols.) - - - -  - (182:0 to 240°0) 173:0 (4) 
Ratio of Solids in Suspension to Centrifuge Solids (1: 7:4 to 1: 12-2) 19:3 (4) 


Iron (expressed as Metallic Iron, Fe.) - . - - (0°54 and 0°80) (2) 





Apart from the lower figure of 14°3 obtained for suspended solids in the sample of July, 
1901, which was taken shortly after all the tanks had been sludged, the five sets of 
san ples taken in the warmer months of the year were stronger than the two drawn 
in October and November, especially as regarded ammonia and nitrogenous matter 
generally. The tank liquor thus varies considerably in strength at different seasons and 
under different conditions of weather. The remarkably high and very constant figures 
given for suspended solids (average 19-4 parts) are especially noteworthy. The settlement 
of solids by the septic tanks was thus very poor throughout the year in question. 


The liquid passing on to the filters at Accrington is thus strong organically, and at 
the time when the above observations were made it contained an exceptionally large 
quantity of black flocculent matter in suspension. 


Comparing the first three sets of septic tank liquor, Nos. 2,895, 2,899 and 2,904, drawn 
in August, October and November, with the corresponding three sets of sewage, Nos. 


2,894, 2,898 and 2,903, we find the following differences in figures :— 





Reduction. 

Total Nitrogen - . : ; - < = ; . : : - 15 per cent. 
Ammoniacal Nitrogen - tA ere : ot ae +0 ~ 
Albuminoid Nitrogen . - Whee. ie (rae | haan shyt 48 i, 
Total Organic Nitrogen =e : Av gt) ER me bs hey 
“Oxygen absorbed” in 3 minutes-  -- 3 - - OE - - 36 x 

: : Gaede h0 ian ene eee et es ie Ate 33h, 
Solids in suspension — - - - - - - - - - - - 47 3 
Iron (two samples) é . § ~ : - 2 40.02 - - 34 F 


The suspended solids were thus brought.down by the septic tank treatment to about 
half what they were in the sewage, while the ammoniacal nitrogen remained the same, 
and the other oxidisable matter, as measured by the “oxygen absorbed ”’ test, was re- 
duced by about one-third. 


Chance Samples.—The four chance samples of septic tank liquor examined chemically 
were drawn in the months of February and November, 1902, and January and April, 
1903, being thus all taken in the cooler months of the year. No. “ D” was drawn during 
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ft week’s frost, Nos. 3,056a and 520 in dry weather, and No. 3,086a (a 
fe ine Beale in dry weather following a period of wet. These gave the following 


figures on analysis :— 

















Parts per 100,000. Average. Se E 

Ammoniacal Nitrogen = ope nase poe (Oe al Daas — (2) 
Albuminoid Nitrogen Sg Pees 0g nnd iO es — (2) 
Total Organic Nitrogen - - - -  ~ (201 ) pies (1) 
Total Nitrogen - - 2 - +) 6+) UE) (B42 to 7-60) 5:96 (3) 
“Oxygen absorbed” af once, at 27° C. (80° F.) - (116 to 6:13) 3:24 (4) 

r 2 in 4 fours os Waal - (4°52 to 12°45) 1012 (4) 
Chlorine tae, ae - - |3 - (12°68 and 8-48) | (2) 
Solids by Centrifuge (vols.) - - - - (33-0 to 62°0) 51:0 (4) 





It will be seen that while, on the average—apart from the queStion of suspended solids 
—the above chance samples did not differ materially from the average of the hourly 
samples, the individual variations were greater; but the general character of the liquid 
was the same. Judged from the centrifuge figures, however, the suspended solids 
in those chance samples were only about one-third of what they were in the hourly, z.<., 
approximately, 6 parts per 100,000; but in regard to this it has to be borne in mind 
that all the tanks were sludged in July, 1901, and again in July, 1902. 


Bacteriological Notes.—Only a few samples of septic liquor were examined. The 
results are given in a later part of this report. 


Experiment with Septic Tank Sludge, to see how far the sludge had been digested in the Septic 
Tank.—On November 21st and 22nd, 1900, an average sample of sludge was drawn from 
No. 2 tank, after the latter had been in use for four months and was in process of being 
cleaned out. At this time the tanks at Accrington were all used in one series of six, 
No. 2 tank forming the first of the series. 


An examination of the sludge was begun on December 18th, 1900; it had then a very 
offensive smell and was continuing to give off gas. It contained :— : 





Calculated on Wet Sludge ; Dry Sludge. | 
Water - - ; : 83:0 per cent. = 
Matter volatile on ignition - . : : 8:8 i 51-9 per cent. 
Residue after ignition - - - 8-2 48°1 i, 
100-0 % 100-0 és 





On December 19th, 14°6 grms. of the wet sludge 
(equivalent to 2°484 germs. of dry matter) were transferred 
to a bottle of 826 c.c. capacity, into the rubber stopper of 
which a gas delivery tube was fitted. The bottle and delivery 
tube were then completely filled with distilled water (which 
contained approximately 6 c.c. of oxygen and probably about 
11 c.c. of nitrogen per litre*). The gas evolved from the mix- 
ture of sludge and water in bottle A, at laboratory temperature, 
was then collected over mercury in tube B, this tube being replaced by 
a fresh one whenever it became nearly full. | 


The experiment is not yet completed (January, 1906), but at least 
300 c.c. of gas, consisting mainly of methane, have up to the present been 
evolved.; The evolution was very rapid for two months and fairly rapid 

for the next five months, z.e., up to August, 1901. Since that time gas 
has continued to be given off slowly during the warmer months of each year. 









* The nitrogen was not actually determined in this sample of water. 


t ee sulphuretted hydrogen given off is not included here, as it was, of course, taken up by the mercury 
present, 
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The experiment not being yet at an end, nothing further need be said at present ex- 
cepting that (1) this sludge had been withdrawn from the septic tank long before it had 
been fully decomposed, and (2) the decomposition of such sludge under the above conditions 
of experiment is a very slow process.* In considering the disposal of sludge by digestion 
in septic tanks, as compared with other methods, this point has to be borne in mind. 









































FILTERS. 
Number -  - 14, 
; DIMENSIONS AND PARTICULARS. 
el? pe tee Superficial Area. aces Cubic Content. Remarks. 
Ft. Ins. | Square Yards. | Ft. Ins. | Cube Yards. 
1 62 0 364 o- 3 1122°30 2-inch Coke, Automatic Distributor. 
2 62 0 364 Ree 1031-30 29 59 9 %9 
3 62 0 364 9 3 122-30 %9 % 9 % 
4 62 0 364 ca) 849°30 %9 %9 9 %9 
5 49 9 2203 8 0 588°20 2-inch Clinker, Steam Distributor. 
BA 49 9 2203 a0 588°20 %3 %9 %9 ” 
6 49 9 | 2204 9 0 661:80 2-inch Coke 4 
6A 49 9 2204 a2 0 661°80 ” 3 % 
% 62 0 364 8 6 1031-30 9 %3 %9 » 
8 62 0 364 9 90 1092°00 %» > »9 %) 
9 62 0 364 8 6 1031:30 9 %9 ” %9 
10 62 0 364 So 6 1031-30 %9 %9 0 >» 
11 62 0 364 9 0 1092:00 99 %3 %9 0 
12 62 0 364 8 6 1031-30 29 9 »3 09 
Total superficial area - . - - 4,522 square yards. 
Total cubic content = - - . - 12,9344 cube yards. 
Material, 12 beds - - - - - Coke ranging from 2 inches to 4 inches 
3 in diameter. 
Qbeds - - - - - Clinker ranging from 2 inches to 4 inches 


in diameter. 


Construction.—The construction of the filters is simple, the material being built 
up on a false bottom consisting of large semicircular perforated pipes, which rest on a 
concrete floor, and kept in position by a wall of pigeon-hole brickwork constructed 
in the form of an octagon. This is carried up to a height of some 7 or 8 feet above 
the concrete floor, the material from that point to the surface of the bed being given a 
slight batter towards the centre. 


Distribution.—Three kinds of distributors are in use :— 
(1) Ten filters. 


Whittaker sprinklers driven by the impulse of the liquid issuing from 
the jets in the sprinkler arms, the liquid being pumped into the arms by 
means of a pulsometer. 


(2) Three filters. 


Candy-Whittaker sprinklers which work automatically by means of the 
head of liquid in the septic tank. 


, (3) One filter. 


An automatic stationary distributor in which the periodical discharge 
from a small reservoir is distributed by means of a large number of per- 
forated iron pipes, laid on the top of the material. The discharge takes 
place about once every ten minutes, and continues for two or three minutes. 





* It must not be forgotten here that the products of the bacterial action, other than the gaseous ones, 
remained in the liquid, and that no fresh pabulum was introduced. Under the ordinary conditions of tank 
working this would not be the case, and the decomposition might therefore be more rapid. 
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The distribution in all three cases is good. The effluent from the sprinkler-fed filters 
however, is as a rule rather better and more highly nitrated than the effluent from 
the filter fed by means of the stationary distributor. This is clearly shown by Mr. 
Boothman’s monthly average analyses (six analyses a month) from November, 1902, to 
April, 1904, which we have been allowed to quote :— 





Parts per 100,000. 


Filters treating equal quantities of Septic Tank Liquor per cube yard Oxygen absorbed 


from Permanganate | Nitrogen as 
per 2 cours in 4 hours at 80°F.,| Nitrate and 
by Effluents after Nitrite. 





paper filtration. 








Average analysis of effluent from No. 3 (9 ft. 3 in. deep) bed, which is 





fed by means of an automatic sprinkler - - 0°72 * 2-17 
Average analysis of effluent from No. 4 (7ft. deep) bed, which is fed in . 
intermittent flushes from a stationary distributor . S e 0-84 * 1°75 








The difference may probably be assigned to three causes :— 


(1) That the material in No. 4 Filter is 2 feet 3 inches less in depth than in Filter 
No. 8; 


(2) That the distribution given from the sprinklers is rather better than 
that given by the stationary distributor ; and 


(3) That, as considerable unevenness in the flow of effluent from the filter fed 

by the stationary distributor is noticeable, the conditions of oxidation in this — 

. bed cannot be so uniform; probably, too, the passage of a portion of the 
eyes tank liquor through it is more rapid than in the case of the sprinkler-fed filters. 


With regard to the comparison of the effluent from the filters fed by the pulsometer- 
driven sprinklers and the automatic sprinklers, it may be said that there appears from 
our observations to be little difference. This statement is corroborated by a large num- 
ber of comparative figures given in Table I. of Mr. Newton’s report for the year ending 
March 81st, 1904. The following are the average figures for ‘‘oxygen absorbed ’’ from 
permanganate and oxidised nitrogen given in that report. 








Oxygen absorbed | Nitrogen present 
Parts per 100,000. {from Permanganate | as Nitrates and 
in 4 hours at 80° F. — Nitrites. 
Final effluent from filters fed by pulsometer-driven sprinklers - — 1:40 2°07 
Final effluent from filters fed by automatic sprinklers - : - 1:41 2°13 











Although, therefore, the temperature of the tank liquor put upon the filters fed by the 
pulsometer-driven sprinklers was raised at this time about 6° or 7° Fahrenheit, there was 
very little difference in quality between the effluent and that resulting from the filters 
fed by the automatic sprinklers, which treated unwarmed tank liquor. 


Working.—The majority of the filters work continuously without rest, but in dry 
weather the whole of the sewage can be treated by twelve of the fourteen filters, which 
allows of two filters being given a short rest at such times. : 


Age of Filters.—All the filters at Accrington were constructed between August, 1898, 
and May, 1902, as follows :— 


Nos. 5, 5a, 6 and 6a - - : - August and November, 1898. 
Nos. 7, 8 and 9 - » 2 : - August, 1899. 
| Nos. 10, 11 and 12 - : sf - April, 1900. 

Nos...1,,2sand 4. - : = - - April, 1901. 

No. 3 : : . - - May, 1902. 








* mT : . : ; ; 
The solution of potassic permanganate used for this test was ae in strength ; the above figures are there- 


fore lower than would have be n obtained with the * permanganate which we employ—probably about. two- 
thirds as great. 
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At the end of our observations, therefore (December, 1904), they varied in age from 
rather more than six years to rather less than two years. 


When the observations commenced, in 1900, the ten filters then at work were in good 
condition and free from any serious clogging. Some local pooling upon the surface has 
been noticed from time to time, due apparently to the workmen walking upon the beds, 
in order to clean the arms of the sprinklers; but at any time when this has occurred, it 
has easily been remedied by careful forking. At the end of the observations, in December, 
1904, all the filters appeared to be in much the same condition as at the commencement. 


Unsettled Effluents, Hourly Samples.—Four sets of hourly samples were examined 
chemically, Nos. 2,923a, 2,925, 2,927 and 2,929a, each sample extending over twenty-four 
hours. Like the similar sets of septic tank liquor, they were drawn in the months of 
May, June, July and September, 1901, three of them, at all events, in warm, dry weather. 


They gave the following figures on analysis :— 











Parts per 100,000. | Average. dion 

Ammoniacal Nitrogen - : - - - (0°87 to 1:37) 1:07 (4) 
Albuminoid Nitrogen - - - - - - ~ (0:13 to 0°34) 0:27 (4) 
Total Organic Nitrogen- - - -~ - - (0°90 to 3:34) 2°11 (4) 
Oxidized Nitrogen- - eg Pid, 42 (1:45 to 2°75) 2°24 (4) 
Total Nitrogen - SO ee (4°52 to 6°51) 5°42 (4) 
“ Oxygen absorbed ” in 3 minutes at 27° C (80° F.) - (1:04 to 1°76) 1:42 (4) 

a * in 4 hours * ee (3°60 to 6°64) 5:08 (4) 
Incubator Test (Scudder) * - - - - - | 4 passedt (4) 
Incubator Test (by Smell) - - - - - 4 passed (4) 
Solidsin Suspension - - - - - ~~ = (41°60 to 30°50) 20:00 (4) 
Solids by Centrifuge (vols.) - - - - - (140-0 to 290:0) 2140 (4) 
Ratio of Solids in Suspension to Centrifuge Solids (1: 9-2 to 1:12:71) 1-312 (4) 








The above effluents were very turbid and brown with suspended matter, which 
however settled pretty quickly, leaving the liquid fairly clear and colourless. They 
all had a clean smell both when drawn and when analysed, were well nitrated, and readily 
withstood incubation. As regards the liquid portion, therefore, they were effluents of 
good class (cf. below). The most striking point about them was the unusually large 
quantity of flocculent suspended solids that they contained—an average of 20 parts, 
and it is very noteworthy here that the May and June samples had respectively 30°5 
and 25°7 parts, owing to the spring “flush out”’ from the filters. It is hardly necessary, 
therefore, to say that these effluents required to have their suspended matter removed 
before being discharged into a stream. 


An examination of some Filter effluent sludge, collected at the same time as the un- 
settled effluent, No. 3,456, was made on May 5th, 1904. The sample was collected on 
May 4th by siphoning off the liquid from a pailful of effluent, after allowing it to stand 
quiescent for three hours. Most of the suspended matter in the Accrington effluent 
settles in about one hour. 


The following figures were obtained :— 


Parts per 100,000. 


1,471 Volatile. 


Solids in suspension - - . - - - - - 27580 1,287 Non-volatile. 
Total Nitrogen- -— - - - =~ le -} ts {ine } 95°54 
“ Oxygen absorbed ” at once at 27° C. (80° F.) _ - . - - 137-6 
+ . m4&hours ,, * 3 “ : . 7732 
Dissolved Oxygen taken up from water at 18° C. in 48 hours ¢ - 32°1 | 
4 R : F hich A GGany 38 the 415 J 


* The nitrous nitrogen was not determined after incubation, and the assumption is made that it was 
not greater then than before. 

+ One of them practically passed. 

{ A 24 hours’ estimation was not in accordance with those for 48 and 96 hours, so'the figure is not given. 


6225.—App. ITI. B 
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On the day of analysis this effluent sludge, which was watery, with finely divided solids, 
had a clean, strong earthy smell. Although, therefore, it was not rapidly putrescent, 
the above figures of analysis leave no doubt as to its polluting nature. 


Compared with the four corresponding samples of septic tank liquor, Nos. 2,922, 2,924, 
2.925 and 2,928, the foregoing hourly samples of unsettled effluents show the following 
differences in figures. Apart from the figures for suspended solids, which, of course, 
affect those for albuminoid, total organic, and total nitrogen and for “oxygen absorbed” 
from permanganate, it is seen that four-fifths of the ammoniacal nitrogen of the septic 
tank liquor has been oxidized or given off as gas in the passage of the liquid through 
the filters :— 








Calculated on— Reduction. 

Total Nitrogen - : - : 2 E = - 5 : ; - - | 29 per cent. reduction, 
Ammoniacal Nitrogen -"° - = 0 = 8 = ee 2 
Albuminoid Nitrogen - - - -— - ee | OD eas iy 
Total Organic Nitrogen = oR 8 Sea pao ie gan asain 2 OS eet ae increase, 
“ Oxygen absorbed ” in 3 minutes at 27° C. (80° F.) —- - ae en ae - |. 48 ss reduction, 

a ™ in4hours - : - - - - - - - - | 4B cos cae 
Solids in suspension = - - - - - - - - - - - | 9-783 increase. 
Solids by centrifuge (vols.) - - sees ie - - - - - - va eee hn . 


Before offering any further criticism of the above effluents, reference may be made 
to the following various analyses of duplicate samples of them, under different conditions. 


Paper-filtered Effluents.—-Nos. 2,923a, 2925, 2,927a and 2,929a. All four effluents were 
also examined after filtration through paper. The figures obtained for ammoniacal 
and for oxidized nitrogen were, of course, practically the same as those from the original 
samples, but there was a material difference in other respects, thus :— 


Parts per 100,000. Average. ey bree Ba 

Ammoniacal Nitrogen - - - - - += = = (0°86 to 1:36) 1:04 (4) 
Albuminoid Nitrogen - - - - - - = + (0:08 to 0:13) 0-11 (4) 
Total Organic Nitrogen- -~— - - - - - - (0°74 to 2°43) 1°63 (4) 
Oxidized Nitrogen Whe =n ee - -  - - (1°45 to 2°71) 2°24 (4) 
Total Nitrogen - - - + - - + - = (436 to 567)|}. 488 (4) 
“Oxygen absorbed” in 3 minutes at 27°C. - - - - (032 to 0°64) 0-58 (4) 

bs * in 4 hours - = - - - (1:52 to 2°24) 1:82 (4) 


All these filtered effluents, of course, withstood incubation (not noted in case of No. 
2,925). The filtered liquid of No. 2,929a was noted as being somewhat turbid and brown, 
and that of No. 2,923a deposited a white precipitate upon incubation. 


If we compare these paper-filtered with the original unsettled effluents, and also with 
the four corresponding septic tank liquors, we find the following reduction in figures :— 





Compared with— 


Calculated on— Original Effluents. Septic Tank Liquors. 








Total Nitrogen eS te ae - = -1| 10 per cent. reduction 36 per cent. 
Ammoniacal Nitrogen - - : < : 2 4 — 82» 
Albuminoid Nitrogen - - : z 2 - | 59 per cent. reduction st 
Total Organic Nitrogen, \--,, 7. = ada “sen. Suidictial aie eee 9 19, 
“Oxygen absorbed” in 3 minutes - -~ - - -| 59 » 9 ce 


” ” im 4 ours a = 2 = = 64 ” ” 80 ” 
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The elimination of the suspended solids by filter paper thus reduced the impurities of 


the original effluents, as measured by the albuminoid nitrogen and ‘‘oxygen absorbed ” tests, 


by about 60 per cent. of the total. 


_The reduction in the paper-filtered effluents, as compared with the septic tank 
liquors, works out to about 80 per cent., on the above tests. 


Three duplicates of the above Unsettled Effluents, Nos. 2923a, 2927a and 2929a, were 
also analysed after being incubated for seven days at 27°C. (80° F.), and the average figures 
of their analyses may be contrasted with the corresponding averages of the originals, thus :— 








Incubated Original 

Samples. Samples. 
Ammoniacal Nitrogen- — - Son Fae Sh eee eat ae Ate 1:02 0:97 
0 RE INET ESS a 0:28 0-25 
Total Organic Nitrogen - - - - - - i 2-23 2°22 
Oxidized Nitrogen -~— - = SORES aa Ghd) to) 1:14 2°30 
a eeusrerie ee EOL PA Se 4°48 5:32 
“ Oxygen absorbed” in 3 minutesat 27° C.- - - - - 1°41 1:36 
” ” in 4 hours - - - : : i : 4:80 4-80 
Solids in suspension - - - . . - - - - | Not estimated. 18-10 


The main result of the incubation was to reduce the nitric nitrogen by about 1°2 
parts. Considering the large quantity of suspended matter present, viz., 18 parts (53 per 
cent. of which was volatile on ignition), this was only toe be expected ; indeed, the fact of 
the reduction of nitrate not having gone further shows that the suspended or other matter, 
while putrescible, only took up oxygen (from the nitrate) very slowly—a sign of good 
previous oxidation by the filters. 


The remaining duplicate hourly sample of unsettled effluent, No. 2925, instead of being 
incubated, was kept in an open bottle at laboratory temperature for five days, and then 
analysed with the following result; the figures for the original effluent are again given 
alongside :— 


No. 2925. 

Kept in open bottle Original 

for 5 days. Sample. 
Ammoniacal Nitrogen- — - - - - - - - - 1:22 1:37 
Albuminoid Nitrogen - : aia niet = Aa - 0°39 0°34 
Total Organic Nitrogen - - - - = ee - - 2°59 3:11 
Oxidized Nitrogen’ - - - - . a ate - 2°19 2°04 
Total Nitrogen - . ea rae wee See yy ee eee ee 6:00 6°51 
“Oxygen absorbed” in 3 minutes at 27° C. (80° F.)  - - . 1:44 1:60 
a J in 4 hours 3 Sa : 5°92 5-92 
Solids in Suspension - : - - - - - - - | Not estimated. 25°70 


Making some allowance for differences in sampling an effluent containing so much sus- 
pended matter, and for errors of analysis, it is evident that this unsettled effluent under- 
went practically no change during the five days that it was exposed to the air—again a 
satisfactory result. 


Unsettled Effluents—Chance Samples.—Kighteen chance samples of unsettled effluent 
were examined chemically, some in duplicate (cf. below). Six of them, however, were 
drawn within a period of one week, in May, 1901, for the purpose of gaining an idea of 
the amounts of suspended solids washed out of the filters during the spring “ outflush,” 
and these will therefore be discussed separately. The other twelve samples, Nos. 2911, 
2912, 2913, 2914, 2915, “ A,” “ B,” “KE,” 3086b, 521, 3422 and 3456, were drawn between 
February, 1901, and May, 1904, all of them in the months January to May, 7.e., in the 
cooler seasons of the year. No. “EH” was drawn with the object of observing the “ out- 
flush ”’ of solids, on May 10th, 1902, but it did not contain an excessive amount of these, 
and is therefore included with the other samples just mentioned. No. 3455, drawn on 
May 4th, 1904, which contained 14:7 parts of solids, is also included. 

6225.—App. IIT, B2 
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- The following results were obtained on analysis: | 





























Parts por 100,000. |... Average,.....] » umber of 

Reinioniseal Nitrogen - = - - . - (0°49 to 2°50) 1:33 (8) 
Albuminoid Nitrogen - - - - - - (0:09 to 0°33) 0-25 (8) 
Total Organic Nitrogen - - - we tee - (0°66 to 1°74) 0°93 (7) 
Oxidized Nitrogen - - - . - : - (027 to 3:16) 1:60 (11) 
Total Nitrogen - - ~~ (1:85 to 4°86) 3°73 (7) 
Be Oz) on absorbed ” at ae at 6 27° C. 0 F) - (0°15 to 1°55) 0°83 (11) 

“ . in4 hours - - (1:33 to 5:24) 3°02 (11) 
tIncubator test (Scudder) - : - - - - = . ‘i eee passed (10) 
tIncubator test (by smell) - - - = = . : 11 passed (11) 
Smell when drawn me ae tame? S - : ; = * 7 good (7) 
Smell when analysed : : - : - - - - - 7 good (7) 
Chlorine - : - : - - - . - (5°56 to 11°80) 8°84 (5) 
Solids in suspension: — - : =) Fie - - (1°70 to 14°70) 8:90 (8) : 
Solids by centrifuge (vols.) _. - - - (37°5 to 194:0) , LOTO. _- . (10) 
Ratio of solids in suspension to centrifuge solids (1 : 8-6 to 1 : 22:1) LAs (7) 
Dissolved oxygen taken up in 24 hours - - (0°81 to 1:21 ap.)+ 0:96 ap. (4) 

c.c. per litre. 

Oxygen in solution when analysed - - - -- -- (00 to 5:0 ap.) 2:1 ap. (7) 





In appearance these effluents might be described as opalescent, and turbid with flocculent 
suspended matter, but they yielded for the most part a clear liquid of brownish tinge when 
filtered through paper. Seven were noted as having a clean smell when drawn (tarry, in 
one case) and seven a clean smell when analysed, and the same no doubt applied to the 
whole of the twelve effluents. All of them withstood the incubator test. As regards 
nitration, the first five effluents, drawn between February and April, 1901, showed an 
average of only 0°47 part of oxidized nitrogen, 7.e., they were relatively poorly nitrated ; 
while the remaining six, drawn in the spring months of 1902, 1903 and 1904, had an average 
(and almost a constant quantity) of 2°54 parts, being well nitrated. The main reason for 
this difference, no doubt, was that latterly more filters were in use. 


The suspended solids in the above unsettled effluents varied between 1°7 and 14:7 and 
averaged 8°9; the effluents therefore required settlement. Some of the solids were found 
to be putrescent, when tested, and this no doubt applied in every case. The figures for 

‘“ oxygen absorbed ” from permanganate were rather high, but this was, of course, largely 
due to the suspended solids present. 


Taking the effluents all together, they may be described as effluents of fair quality, 
but requiring settlement of the (putrescible) organic matter which they contained in 


suspension; as has been already stated, they do receive settlement at the works before 
being finally discharged. 


Compared with the three sets of hourly samples of sewage and the seven sets 
of hourly samples of septic tank liquor the above twelve chance samples of 


unsettled effluent show the following reduction in figures (the numbers in brackets 
indicate the estimations in each case) :— 





Compared with— 


Calculated on— 


Sivave: Septic Tank 





Liquor. 
Reduction. Reduction. 
Total Nitrogen - is “ . S Sek E - 45 per cent.(7) 45 per cent.(7) 
Ammoniacal Nittogen 4.5 goecrieo-nis-eot -1 welt oe la 68 , (8) 74 (8) 
Albuminoid Nitrogen - : - . < . : - ~ 60_ (,, (8) 26 § x43 (8) 
Total Organic Nitrogen - 2 . " : é : : 634< ,, (7) 490 on (7) 
“Oxygen absorbed:” in4 hours) re ORDE MOR AaeeR a 75: , ~ (11) 65, (11) 
Solids in suspension Fs 2 g 2 - 2 . S - Tl ths (8) 54 ,, (8) 


* The absorption of the first five samples was in 3 minutes. 
+ Assumed in one case. Nitrite not determined after incubation in the first five samples. 
; ka approximately. 


g This was not noted in the case of No. 2;912,-but it may be inferred from the rest of the analysis. 


—ve 
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', Spring Outflush of Solids from. Filters.—The:six samples, Nos. 2916, 2917, 2918, 2919, 
2920 and 2921, which were drawn on May 15th, 18th and 21st, 1901, are of special 
interest, as bearing on the spring “‘outflush” of solids. .This appears to bea dislodgment 
of the. suspended matter, which has accumulated in the.bed during the winter, by the 
active development of worms, larve, etc., in the warm spring weather. 


They gave the following result on analysis :— 


Parts per 100,000. | Average, | tinutions, 
Incubator test (by smell) - - - - : - - - ir eee a 
Solids in suspension. _- - - - - - (30°8 to 63:1) 43°6 
Solids by centrifuge (vols.) — - - : - (340°0 to 540:0) 421-0 
Ratio of solids in suspension to centrifuge solids (1: 8°6 to 1: 11'8) - 1399 











The average figure of 43°6 parts for suspended solids (containing about 50 per cent. of 
volatile organic matter) is a very remarkable one. The solids from the first three samples 
were found to be putrescent, the other three not being tested. At the same time, this 
matter cannot have been very quickly oxidisable, because the nitrate present in the 
effluents (the amount of which was not determined) was sufficient to allow of the effluent 
mixture of liquid and solid withstanding incubation for five days. The above flush-out of 
solids takes place every year and usually lasts for two or three weeks. 


Paper-filtered EHffluents.—To further illustrate the influence of the suspended solids upon 
the figures of analysis, the unsettled effluents Nos. “A” and 3456, drawn in February, 
1902, and May, 1904, may be quoted. These gave :— 

















Nope No. 3456. 
Original. |Paper-filtered.| Original. |Paper filtered. 

Albuminoid Nitrogen - ae ie ae 0:28 0-18 0°31 0:10 
Total Organic Nitrogen - - - - - 0°95 0°52 0°66 0:18 
Oxidized Nitrogen - ar et - : - 2°34 2°34 3°16 3:16 
Total Nitrogen- : - - . - - 4°86 4:39 4°31 3:83 
“Oxygen absorbed” at 27° C. in 3 minutes or ut once 1:27 0°63 1:01 0-51 

bo & at 27° C.in 4 hours - - 3°55 1:98 4°38 a 
Solids in suspension (calculated from centrifuge 14°0 ap. — 14°70 — 

figures). 

Solids by centrifuge (vols) - - - - 167:0 ee 124:0 a 
Dissolved Oxygen taken up from water in 24 os mn 0:93 0-13 


hours at 18° C. 


Incubated Samples.—Duplicates of samples Nos. 2911 and 2913 (already referred to) 
were analysed after being incubated for five days at 27° C., with the results :— / 























No. 2911. No, 2913. 
Original. Incubated. Original. Incubated. 

Ammoniacal Nitrogen - - - - - 0°67 0-71 2°50 2°47 
Albuminoid Nitrogen - - «+= = - 0:09 0:07 0°33 0:28 
Total Organic Nitrogen -~ - Satis 0-77 0°46 1°74 1:20 
Oxidized Nitrogen - atk = - - - 0-63 0-64 0-39 0:0 
Total Nitrogen - - - - - 2:07 1:80 4°63 3°65 
“ Oxygen absorbed” in 3 minutes at 27°C. - 0:15 0-15 1°55 1°48 

A hours en 1:33 1:33 4-37 215 
Solids in Suspension - : - - - 1°70 — 9°80 —- 











The first of these effluents, which was already fairly well oxidised and contained but 
little suspended matter, underwent practically no change during the five days’ incubation, 
but. the second, which was much less well purified, used up what nitrate it had, without, 
however, reaching the putrefactive stage.: 
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Exposure of unsettled Effluents to Air.—Duplicates of Nos. 2912 and 2914 were examined, 
after being kept in open flasks at laboratory temperature for 9 and 5 days respectively. 
The results of the analyses may be given here; the general effect was beneficial :— 














No. 2912. | No. 2914. 
oni | Exposed | Gyiginat, | Exposed 

Ammoniacal Nitrogen - - - -~ - 2°47 2°52 0:87 0°84 
Albuminoid Nitrogen - - - -~ - 0-22 0-15 0-21 0:14 
Total Organic Nitrogen- -~— - amir 0°85 0°83 0°72 0°61 
Oxidized Nitrogen : : . ; - 0-71 051 0-26 0°29 
Lotel “Nittogon 2-2 > - 2 9") [2 ee 4:03 3°86 1°85 1°74 
“Oxygen absorbed” in 3 minutes at 27°C. - 0°74 0°52 0°81 0°48 

x = in 4 hours z arr. 2°81 1:92 2°66 2°80 
Solids in suspension - - - =~ - 4°60 750 





EFFLUENT SETTLING TANKS. 


Number - - 8. 
Dimensions and particulars :— 
No. 1 - - . - - - 53 feet 8 inches by 25 feet 
9 inch and 2 feet 43 inches 
_ deep. 
Capacity - - - - - - 20,439 gallons. 
No. 2 - =  -  - + + 54 feet by 25 feet 8 inches 
and 2 feet 4? inches deep. 
Capacity oe ee - + 20,757°5 gallons. 
No. 3 : : - : : - 30 feet 1 inch by 14 feet 
5 inches and 4 feet 9 inches 
deep. 
Capacity “ “= . . . - 12,893:5 gallons. 
" Total capacity : : é : - 54,090 gallons. 


Construction.—The effluent settling tanks are constructed of brick and cement, with 
concrete bottoms. They are rectangular in shape and are fitted with scum-boards. 


Flow Through.—The flow through the settling tanks is different in each of the three 
cases, No. 1 tank receiving the effluent from three filters, No. 2 tank from three filters, 
and No. 3 tank from four filters. The effluent from the four smaller filters settles under- 
neath them in a large shallow tank, which is periodically cleaned out by allowing the 
deposited solids to run into No. 8 effluent tank. 


The rate of flow also varies considerably through each. It is impossible, therefore, 
to give anything but an approximate idea of the time allowed for settlement. The total 
effluent settling tank capacity, however (54,090 gallons), is sufficient to allow of about 
one hour’s continuous flow settlement of the effluent in dry weather. 


_Working.—The effluent settling tanks receive the whole flow of filter effluent day and 
night, three filters delivering into No. 1 tank, three filters into. No. 2 tank, four filters 
into No. 3 tank, and the remaining four filters as already described. The deposit which 
collects at the bottom of a tank, as the result of this settlement, is removed once a week 
by means of a pulsometer. It was originally sent back into the septic tanks; but it is 
now pumped into lagoons and then mixed with the septic sludge. | 


For a short time during the latter part of our observations—February 2nd, 1904 to 
March 15th, 1904—an interesting experiment was carried out by Mr. Newton, for the 
purpose of ascertaining whether it would be possible to obtain better settlement of the 
filter effluent by adding a precipitant to it as it passed into the effluent settling tanks. 
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This consisted in the addition of 1 cwt. of alumino-ferric per day for the whole of the 
filter effluent. The experiment appears to have given satisfactory results, both the sus- 
pended solids and the albuminoid ammonia having been considerably reduced in the 
final effluent. 


The figures for the above experiment are given in Table 3 of Mr. Newton’s report for 
the year ending March 81st, 1905. 


Setiled Effluents. Hourly Samples.—Three hourly sets of settled effluent, Nos. 2896, 
2897 and 2900 were examined. The first two of these were drawn in dry weather at the 
end of August, 1900, and represented 72 hours’ flow*; they were taken respectively 
from four old filters and from six new ones. Their figures of analysis are, however, to 
all intents and purposes identical, excepting as regards suspended solids (6:1 parts from 
the old filters and 1:8 from the new), and hence in the appended table they are averaged 
together as one sample. The remaining hourly set, No. 2900, represents 48 hours’ flow 
of the effluent from the six new filters in the middle of October, 1900. For purposes 
of comparison, the average figures of the two corresponding sets of septic tank liquor, 
Nos. 2895 and 2899, are also given here :— 








Settled _ Septic Tank 
Parts per 100,000. |Effluents Nos.2896,; Liquors Nos. 
2897 and 2900. | 2895 and 2899. 


Ammoniacal Nitrogen - . - - - - (0°68 and 0-47) 0-58 5:11 

Albuminoid Nitrogn - - - - -  - (0-05 and 0-06) 0-06 0:32 

Total Organic Nitrogen - - - - _ - (1:21 and 0°60) 0:90 1°48 

Oxidized Nitrogen aria : pes. - (2°69 and 1°71) 2°20 

Total Nitrogen - = - . - - - (459 and 2°78) 3:68 6°58 

“Oxygen absorbed” in 3 minutes at 27° C. - (1:24 and 0°15) 0:70 1:86 
ss - wn 4 hours - - - (4:30 and 1:08) 2°69 8°61 

Incubator Test (Scudder) ke - : ete Passed 

Incubator Test (by smell) - — - Be ree ae ea Passed 

Solids in suspension - - : - : - (40 and 3:2) 3°60 21:10 

Tron in solution - - - - - - - (0°10 and 0°10) 0-10 0°67 





These settled effluents thus show a reduction in figures, as compared withthe corre- 
sponding septic tank liquors, of — 


Per cent. 
Total Nitrogen - - - - : Sinise 46 
Albuminoid Nitrogen - - - - - - 81 
“Oxygen absorbed” in 4 hours - - : : 69 
Solids in suspension - - - - - z 83 





———e 


They may be described as well oxidized effluents of good quality, though the settle- 
ment of the suspended. matter might perhaps have been carried further, with advantage. 
In general character they were of course similar to the other effluents which have been 
already described in some detail. 


Settled Effluents.—Chance Samples.—Fourteen chance samples of settled effluents were 
examined chemically, viz., Nos. 2892, 2893, 2902, 2905, 2907, 2908, 2909, 2910, 2327B, 
2930, 3057B, 3086C, 522 and 3423. These were drawn at irregular intervals between 
July, 1960 and March, 1904, in very varying weather, but three-fourths of them in the 
cooler months of the year. 








* The fractions from 2 a.m. to 5 a.m. were omitted each day. 
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The following figures were obtained :— 

















Parts per 100,000. Average. a asi 

Ammoniacal Nitrogen - 9 -  - + -~ - (0°35 to 2°12) 0-91 (11) 
Albuminoid Nitrogen - - - - - - (0:08 to 0°30) 0:16 (11) 
Total Organic Nitrogen- - - - - - (0°12 to 1°51) 0°80 (7) 
Oxidized Nitrogen : : - - : - (0°69 to 3:01) 1°69 (14) 
Including Nitrous Nitrogen - - - - - (0:0 to 0°15) 0:07 (12) 
Total Nitrogen - - - - : - - (1:79 to 4:34) 3°34 (8) 
Oxygen absorbed ” at once * at 27° C. (80° F.) - (0°15 to 1:00) 0:47 (11) 

= ? in 4 hours - : - - (1:25 to 3°59) 2°36 (13) 
Incubator Test (Scudder)t  - : - - - - . - { 2 fiat te x (11) 
Incubator Test (by smell) - . . - - - - - 13 passed. (13) 
Smell when drawn : RR a 6 good. (6) 
Smell when analysed - . : ; ; - “ - - 4 good, (4) 
Chlorine — - - nee “pet - DOGS. 3 (5°72 to 8°72) 6°95 (3) 
Solids in Suspension - . - - - - (4°40 to 6:58) 5°49 (4) 
Solids by Centrifuge (Vols.) - - — - - = (37:0 to 83:0) 55:0 (6) 
Ratio of Solids in Suspension to Centrifuge Solids (1 : 7-9 to 1 : 11:2) 1:9°3 (3) 
Dissolved Oxygen taken up in 24 hours at about 

1a had Oh ie ame) em Retr oP ey = - (0:0 to 1:21 ap.) 0:48 ap. (4) 

c.c. (per litre.) 

Oxygen in Solution when analysed - - - (2:0 ap. to 5:3) 4:0 ap. (4) 








These effluents had of course the same physical characteristics as the unsettled samples, 
excepting that they contained less suspended matter, this being of a flocculent nature. 
Although only noted in a few instances, the liquid portion of the effluent was probably in 
every case fairly clear, but of a slight brownish tint. All the samples had a clean smell, both 
when drawn and when analysed, while nearly all of them were well nitrated and they all 
withstood the incubator test. The suspended solids were determined gravimetrically in 
four samples and the centrifuge muds in six. If we take those centrifuge results as repre- 
sentative of the whole of the effluents, then the suspended solids would average about 6 parts, 
as against 20 parts in the hourly and 9 parts in the chance samples of unsettled effluent. 
The settlement of solids from the effluents is thus capable of being considerably improved 
at Accrington. In five instances the suspended matter was found to be putrescent, and it 
may safely be inferred that this would have applied in every case. 


The final effluents may thus be described, generally, as being well nitrated effluents of 
good quality, but requiring a further separation of the suspended matter present. 

Compared with the three sets of hourly samples of sewage and the seven sets of hourly 
samples of septic tank liquor, the above chance samples of settled effluent show 
the following reduction in figures (the numbers in brackets indicate the estimations in 
each case) :— 


Compared with | Sewage. Septic Tank Liquor. 


Calculated on :— 


Total Nitrogen - . : $ 4 50 per cent. (8) _51 per cent. reduction. 
Ammoniacal Nitrogen eee ace) (Bes (11)2-82' 27ers » 
Albuminoid Nitrogen x : : 75 5 (11) 83°33 9 
Tutal Organic Nitrogen - - - ~~ - 68 C,, (7) 56 3; oe 
“Oxygen absorbed ” in 4 hours - - - 80 9 (13) 73, | ” 
Solids in Suspension - - ~~ dhol te 80 5» approx. (6)! 70 O85, _ approx, _ 


* Samples 2902 to 2910 in 3 minutes. 
+ The Nitrite after incubation was not determined in samples 2902 to 2910. 
t In two cases at laboratory temperature, 
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Comparing those reduction figures with the similar ones given by the chance samples 
of unsettled effluent, the superiority of the settled effluents is apparent. More 
nitrate was also found in the latter, a circumstance no doubt due in some degree to 
the partial removal of solids capable of taking up either dissolved oxygen or oxygen from 
nitrate. 


The effect of removing the suspended solids from an effluent by paper filtration is well 
seen in the case of No. 2927 B., thus :— 


After Filtration 


Original Effluent. through Paper. 





Albummoid Nitrogen... -- «- +) -). =) - - 0:19 0°10 
Oxidized Nitrogen - - - - 2°24 2°24 
“ Oxygen absorbed ” in 4 hows i 27° C tee 3°11 abirce ys) 
Solids in Suspension (calculated from centrifuge OL 9-0 approximate. 








Solids by Centrifuge (vols.) —- > = : 
Three duplicates of the settled effluents Nos. 2902, 2907 and 2909, besides 


being examined when drawn, were also analysed after being incubated for seven days at 
27°C. (80°F.). Contrasting some of their average figures with the average figures of the 
original samples, we get :— 





| Original Samples. Incubated Samples. 
Ammoniacal Nitrogen - - : - - : : 1:07 1:07 
Albuminoid Nitrogen - - - . > : 3 0-14 0-19 
Oxidized Nitrogen - : = > 1:05 0°46 
‘ Oxygen absorbed ” in 3 families cd a7° NE Be te ee 0:42 0°42 
- in 4 hours ,, ee - - - 2:11 1:56 
Solids in Suspension - - - * . - : Not Estimated. Not Estimated. 


The main result of the incubation, therefore, was the reduction of the oxidized 
nitrogen by only 0°6 part and of the four hours’ “ Oxygen absorbed ”’ figure by the same 
amount, a proof that the effluents were already, on the average, well oxidised. 


The three samples, Nos. 2906, 2908 and 2910, were similarly examined in duplicate, 
after being exposed to air and light in large flasks for 14, 11 and 5 days respectively. The 
average figures of their analysis compare with the average figures of the original samples, 
as follows :— 


After exposure to 
air. 


Original Effluents. 


Ammoniacal Nitrogen - - - - ae - - - 0-94 0°37 








Albuminoid Nitrogen - : Arig & - - - - . 0-12 0-11 
Oxidized Nitrogen - - 2 - - - - 0:94 Lil 
“Oxygen absorbed ” in 3 Daas * 271° O. (80° F .)- ats : 0:27 0°22 

m in 4 hours i 3 - - - 201 2°01 
Solids in SUSPONGLOR pear (4-40 in No. 2910) Not Estimated. 





One effect of the exposure to air was thus to oxidize two-thirds of the ammonia of the 
original effluents. 


Bacteriological Notes.—The bacteriological results are given in Appendix A. Not 
many samples of sewage or of septic tank liquor were examined bacteriologically, but a large 
number of effluents were submitted to bacteriological examination at the wish of the Com- 
mission. The samples of sewage and septic liquor yielded on analysis results similar 
to those usually pertaining to liquids of this kind. 


As many as 139 samples of effluent were examined bacteriologically, and there can be no- 
doubt that the effect of the treatment was greatly to reduce the number of bacteria origin- 
ally present. Nearly two-thirds of the samples contained less than 10,000 and nearly 
one-third less than 1,000 microbes of an intestinal type perc.c. The results as regards the. 
B. enteritidis sporogenes test were, relatively speaking, not so satisfactory ; but it has 
been noted at other places that percolation filters frequently yield proportionately better 
results with the B. coli test than with the B. enteritidis sporogenes test. 

Amount of Septic Tank LInquor treated upon the Accrington Filters.—For the purpose of. 
experiment Mr. Newton has varied the quantities treated upon the filters from time to 
time. The original filters were run for some time at a rate of approximately 450 gallons: 
per square yard or 150 gallons per cube yard per day, this being considered to be. 
the maximum amount practicable, and all the filters are still as a rule worked at this rate. 
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They have, however, been tried at rates varying from 280 gallons per square yard or 77 
gallons per cube yard per day to considerably over 500 gallons per square yard ‘or 
166 gallons per cube yard. _ | 

At rates exceeding 500 gallons per square yard per day, the albuminoid ammonia and 
the suspended solids in the final effluent appear to rise to quantities which are considered 
too high, and Mr. Newton seems to have concluded that it is inadvisable to work at this 
rate in dry weather, unless some further means are adopted to deal with the effluent 
solids. He thinks, however, that in storm times he could with safety treat a quantity 
in excess of 500 gallons per square yard per day ; but as the maximum rates of delivery 
from the two kinds of sprinkler, as at present used, are equivalent to 523 and 550 gallons © 
per square yard per day, this could not be done without some alteration of the plant. 


The average rate of treatment during our observations may be taken to have been ~ 
between 400 and 450 gallons per square yard, or 133 to 150 gallons per. cube yard per day. 
In regard.to the quantities which might be treated upon the Accrington filters, it may 
be useful to observe here that the limits of discharge from the automatic sprinklers, with 
the revolving arms perforated as at present, are :— 








Discharge at the rate of :— 











At lowest head of water - - - - | 38 inches - - | 175 gallons per square yard per day. 
At highest head of water Pte td OA alee aa Ue 5 5: Sonne 93 2 








The discharge limits of the pulsomcter-fed sprinklers are :— 








Discharge at the rate of :— 





Lowest discharge - - - ; - 214 gallons per square yard per day. 
Highest discharge - - - = “a 550, 3 ” 











Effect of Temperature upon the Working of the Aecringion Fiters.—A good many 
visits were made during cold weather for the purpose of gaining information upon this 
point. There was little really very severe weather, however, during the years of observa- 
tion, and it is, therefore, impossible to state what would have been the result in such a 
case. We can only say that, during the whole period of observation, neither the 
working of the filters nor the filter effluent itself was seriously affected by the 
ordinary frosts and cold weather which prevailed for short periods during the winter months. 


A large number of temperature measurements were made by the authorities during 
the years 1899 and 1900, and we have been’allowed to quote from these in this report. 
The average temperatures through the two years, from measurements made once a 
day, were as follows :— : 

TEMPERATURES IN DEGREES FAHRENHEIT. 

















vee Crude Septic Septic liquor as discharging on to filters Final filter 
; Sewage. Liquor. from the pulsometer-fed sprinklers. effluent. 

1899. 53°48° 51°99° 59°56° » 56°40° 

1900. 52°28° 50°70° 56°55° 54°26° 





River Water.—In order to test the condition of the Hyndburn river, into which the 
effluent from the sewage works at Accrington discharges, the following four samples were 
drawn for analysis on October 3rd, 1901 :— 


No. 2930 No. 2931 No. 2932 No. 2933 








/ ’ 











; River Water | p- 
River Water River Water 
Parts jer 100,000. Works immediately * eH il Te 300 yards 
Effluent. |above effluent}. °° ie . |below Effluent 
outfall,  (¢/containing) outfall, 
effluent). 
Ammoniacal Nitrogen -~ - - ear 0:59 0-05 0:09 0-09 
Albuminoid Nitrogen : ay Mae - - 0-12 0-21 _ 032 0-21 
Total Organic Nitrogen = - - : . 0-77 sad = aS 
Nitrous Nitrogen : = : 4 ¢ 7 0-715 trace = 
Nitric Nitrogen - - . - - - - 2°69 trace heavy trace trace 
Total Nitrogen - - - - - - 4:20 a = re 
Incubator Test (Scudder) - - - - passed failed failed failed 
99 » (by smell?) - - - - passed failed failed failed 
Solids in Solution - — - : Opa 66:00 66°16 64:00 66°56 
Solids in Suspension - - : - - - 5°36 7 wi aT 
Solids by Centrifuge (vols.) -  - - - 60°0 80°0 80°0 1040 


_ When drawn, the above samples of water had an unpleasant soapy smell and the bed 
of the river was in a dirty cohdition both above and below the outfall. The figures of analysis 
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are sufficient to show the very unsatisfactory state of the river at this time. All three 
samples of river water contained comparatively large quantities of suspended solids, as 
judged by the centrifuge figures, and all three became putrid upon incubation. 


SUMMARY. 

The Accrington sewage, which is domestic in character, is distinctly strong in every 
respect and contains a large quantity of suspended solids. In wet weather it falls to 
about average or less than average strength, although the solids are apparently never 
reduced to a low figure. The reasons for the comparative strength of the sewage are 
(1) that in dry weather the water closets are flushed with waste water, 7.e., water which 
has been already used for household purposes, and (2) that the contents of some 2,000 
pails are flushed into the sewers daily. It is thought that not a great deal of subsoil 
water gains access to the sewers. Were it not for the fact that a large part of the rain 
which falls upon the area draining to the works is taken into the sewers during wet 
weather, the Accrington sewage would be a very strong one. 

There are no grit chambers in use at Accrington. 


The septic tanks are large, open, rectangular ones, averaging between 8 feet 6 inches 
and 9 feet in depth, with very little slope from inlet to outlet end. During the greater 
part of the observations these tanks were used in two series of three each, the larger 
proportion of sludge necessarily collecting in the first tank of a series, which therefore 
required to be cleaned out more frequently than the others. As a rule the first tank of 
a series ran for eight months and the second and third for twelve months. Originally 
the whole of the tanks were used in one series of six, the liquid being thus given about 
seven hours in dry weather to pass through each tank. We understand, however, that 
this method. of working resulted in the issuing liquid containirg large quantities of sus- 
pended matter, because of the rather rapid rate of flow. By altering tne system to two 
series of three tanks each, the rate of flow was reduced to one-half and the suspended 
matter in the liquor considerably lessened. But, as the analyses show, it still remained 
high, the hourly samples of septic tank liquor giving an average of about 19 parts of 
“suspended solids per 100,000. . 

A subsequent further modification in the working of the tanks was introduced by Mr.. 
Newton at the close of our observations—a modification which we thin‘ distinctly ad- 
vantageous. One tank is now always kept as a reserve, while te other five are 
worked in two series as before, but with the first tank of the five serving as a 
preliminary one for both of the succeeding pairs. By this procedure the empty tank 
constitutes a reserve for storm water, and therefore a safeguard against very rapid 
changes in the rate of flow through the other tanks, while at the same time 
the first flush of a storm water (7.e., the worst part of it) receives in this way quiescent 
settlement. Judging from some later analyses which we have made for a different objec%, 
this alteration in the method of working the tanks, taken together with the rather 
frequent sludging now practised, has materially lessened the quantity of suspended 
matter issuing in the septic tank liquor; indeed, we understand that this improvement. 
in the tank liquor was observed before any change was made in the sludging. 


The septic tank liquor which the filters at Accrington have to treat is strong organically, 
and at the time when the observations were made for the Commission it contained an 
exceptionally large quantity of black flocculent matter in suspension. 


The sludge from the tanks is run into lagoons and allowed to dry naturally. It 
requires about three months in dry weather and up to six months in wet, before the sludge 
becomes sufficiently consolidated to be spadeable, when it is transferred to barges. The 
drying process is therefore a very slow one and it gives rise to considerable local smell. 


The laboratory experiment with sludge taken from one of the preliminary tanks 
resulted in a long-continued evolution of gas, when the sludge was kept under practically 
anaerobic conditions. The decomposition of the solids had thus by no means been carrie | 
to its fullest. extent in the tank itself ; but whether it would be worth while at Accrington, 
from a practical point of view, to provide extra tank capacity in order to carry this 
decomposition further, seems doubtful. During our observations an average of about 
3,000 tons of wet sludge, containing about 90 per cent. of water, were removed annually 
from the works. Although this figure was low as compared with the sludge production 
by the old precipitation process, it still meant a large amount of sludge to be dealt with. 

The construction of the filters is simple and the octagonal form tends to economy of 
space. The semi-open walls and the false bottom allow of good zration and we think that 
they may both be looked upon as structurally durable. On one occasion, it is true, the 
wall ofa filter gave way, but this was probably because it had been built upon made ground. 
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The filtering material is of large size (2 inches to 4 inches in diameter), twelve of the filters 
being of coke and two of clinker. From the fact of none of the beds having clogged, the size 
of the material appears to be well adapted for the purification of the liquor to be treated. 
There is no evidence of serious disintegration, either of the coke or the clinker, excepting 
at the surface where it has been trodden upon. The filters have now been in operation 
(January 1906) for periods ranging from three and a half to seven and a half years, have 
treated on the average septic tank liquor at the rate of about 150 gallons per cube yard 
or 450 gallons per square yard per 24 hours, and they still appear to be in practically as 
good condition as when they were started. Although we have not specially investigated 
the point ourselves, there seems to be no material difference in the quality of the effluents 
from the two kinds of filter. | 

The three systems of distribution in use at Accrington all act satisfactorily, but the 
rotating sprinklers give, perhaps, a rather better division of liquid than the stationary dis- 
tributor, and the effluent from the sprinkler beds, we are informed by Mr. Boothman, is 
also as a rule the more highly oxidised. The stationary distributor, too, is more expensive 
both as regards cleaning and renewal, because of the number of the arms and the rusting 
of the stationary joints. With regard to the two varieties of sprinkler themselves—one 
driven by a pulsometer and the other working by head of water alone—there appears to be 
no appreciable difference with regard to quality of effluent, but the cost of running on 
pulsometer amounts to a large annual sum (approximately £90). | 


The effluents as they emerge from the filters contain unusually large quantities of sus- 
pended solids, which are, however, brown in colour and well coagulated—a good sign. The 
average hourly samples of unsettled effluent had 20 parts and the ordinary chance samples 
9 parts of these solids, while the five chance samples which were drawn when the spring 
‘* outflush ” of solids from the filters was taking place contained as much as 43°6 parts on 
the average (maximum figure 63:1 parts). A large portion of thissuspended matter is 
deposited in the effluent setting tanks; thus, in the hourly samples of settled 
effluent the suspended solids had been reduced to 3-4 parts and in the chance samples to 
5-6 parts per 100,000. The comparative analyses of the whole effluents, before and after 
incubation, and the examination of the suspended matter by itself showed that, while 
those solids were putrescible, they were not of a rapidly putrefactive nature. Still, they 
would certainly give rise to a nuisance if allowed to accumulate in the bed of a stream. 
It would therefore be desirable to settle them out still further from the effluents. 


No effluent from Accrington which we have examined, even including its suspended 
solids, has been found to be putrescent upon incubation for 5 days. The liquid portion 
has as a rule been bright, and the effluents have always had a clean smell both when 
drawn and when analysed. The nitration relatively to the total nitrogen present has 
usually been good. Apart, therefore, from the question of suspended solids, the Accrington 
effluents proved very satisfactory from a chemical point of view, especially after the four 
last filters had been added, and they also usually showed a remarkable diminution in the 
number of microbes, as compared with the original tank liquor. It will be remembered 
that the filters never treat more than twice the dry-weather flow of tank liquor at any time. 
Accrington, therefore, furnishes another instance of the comparatively uniform results 
obtained when the volume treated is only allowed to vary within moderate limits. The 
fact that not more than twice the dry-weather flow is ever filtered is practical proof that 
the authorities consider this quantity to be somewhere near the limit, beyond which it is 
not advisable to go. . | 


As the filters become older, the quantity of suspended matter in the effluents appears 
to increase, but the liquid portion of the effluent shows no deterioration. Owing to the 
continual variations in the amounts of suspended solids issuing from the filters, it is 
impossible to say when an equilibrium will be established between the quantities going on 
and coming out, but we have no doubt that there will be an equilibrium in course of time. 


_ With a view of testing the effect of the effluent upon the water of the river Hyndburn, 
into which it flows, samples of the river water were upon one occasion collected above and 
below the works. The analyses, however, showed these samples to contain large quantities 
of suspended matter and to be putrescent, the effluent itself being non-putrescent. 


There is frequently considerable smell from the waterfall of tank liquor between the first 
and second tanks, from the sprinkling of the septic tank liquor, and also from the sludge 
lagoons. But, as the works are situated in a hollow and as they are some distance away 
from any houses excepting that of the manager, it may be said that there is no nuisance 
from them of a public character. 


We wish, in conclusion, to express our indebtedness to Mr. W. J. Newton, Borough 
Surveyor of Accrington, and to Mr. John Boothman, Chemist and Manager of the Sewage 
Works, for the invaluable help which they have given us in connection with the work of 
the foregoing Report. | 
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— ae A or » | Effluent from Filters 7,8,&9 . 1,600,000 280 000 oF — Sip + 
— 137) >: » | Effluent from Filters 7,8,&9 . 2,900,000 440,000 zi a5 + 
— 13} » » | Effluent from group of Beds 1, 
BE ee antsy ilar serra Sey AS) 52,000 - 
—_ 20°] »; » | Effluent from group of Beds 1. 
ee eee Seer a eis +14] + 
— By al s, » | Effluent from group of Beds 1, 
5 OL Bete) ee toe Mat ve feat heme C0060) 130,000 He oF + 
_ 26] » » | Effluent from Beds 5, 54, 6 6A | 2,600,000 67,000 + = ate =f ai a5 
-_ Zila, » | Effluent from Beds 5, 6A, 6, 64 | 3,700,000 360,000 ae ae 4: = — 
= Bin] ow» ” ” » 9» »  » | 8,200,000 180,000 + _- + + 33 4 
= Bs » | Effluent from Beds7,8,&9 .. 370,000 12,000 T — + =F ar — 
a 2 ” ” ” ” ” ” ” 270 000 13,000 + ee~ oe bene! ae ear 
tn 3 ” ” ” ” ” ” oO” 65,000 7,500 if be a + i ete 
— Or » | Effluent from Beds 10, 11, & 12. 1,100,000 79,000 + — + + + oe 
oe 10 ” , , ” ” ” ’ 3,300,000 620,000 + — ar = at Gis 
= ll} ” ” ay) ‘ i 3,700,000 | 570,000 ab —_ a —_ + = 
_ LES eas » | Effluent from Bed: 1, 2, & 3 150,000 3,300 | + = ab aT Ho au 
a : 
aaa 17 ” ” ” ” ” ” ” 3,200,900 110,000 + =— + Se + + 
a 1B} yy] » ”» » eB her re 3,000.00) | 260,000 +]/— 2) TR Eee ae 
— 30 j » | Effluent from Beds 5, 54, 6, 64 85,00 
ve 1 7 ” ” ” ” ” ” 28,00) 
er 2 » ” ” ” ” ’ ” 340,00) | 
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B. Enteritidis Sporogenes Teat. 





Spores of B. enteritidis sporogenes 
(Klein's “ enteritidis change” in anzrobic 
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Cultures heated to 80° C. 
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“00001 
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Bile-Salt Glucose Peptone Test. 


(+ = acid and gas.) 
48 hours at 87° C. 
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Samples 1 and 2 yielded “gas 
in gelatine ‘‘shake” cul- 
tures within 24 hours at 
20° C. with ‘01 and °1 ce. 

_Tespectively. 


Samples 1 and 2 gave a rosi- 
tive result with the neutral 
red broth test with *0C01 ce, 
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Description of the Sample. 


Time of Collection. 


Hour. 





Month. 














Year. 


1902 


Other Detalls. 





ACCRINGTON EFFLUENTS. 


Filter Effluent from Beds 7,8, &9 


Effluent from Beds 7, 8, & 9.. 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION | 


2 8 4 





Chief Biological Chara 
ters of the strain of } 


































Coli present in the 

Total Number of Number of B. Coli (or closely allied number specified ix 
Bacteria in 1 ¢.c. forms) in 1 ¢.c. Col. 3. 

Ro Indol. (a) Acidi 

2 a at (b) Clot 

g E p! EI re, (Litmus 

10 | 100 | 1,000] 10,000 | 100,c00 |-°%G| S% | milk ex 

N~| 5 | tures, 5 ¢ 

Gelatine | Agarat| |—]/—|——_ |__| ______ 2 ae| 8 é 

at 20° ¢. 87° C. : Beal se at 37° 

; fi 1 ba “01 “001 “0001 00001 3 3 ° g 
C.c. | C.c. | C.c. | C.c. c.c, c.c, és a= | @ Q 





510,000 
520,000 
740,000 
120,000 
1,100,000 
ani 
1,900,900 
3,700,000 
1,600,000 
9,000 
1,700,000 
2,900,000 
450,000 
890,000 
510,000 
30,000 
40,000 | 
210,000 
1,000,000 
140,000 
180,000 
2,800,000 
2,600,000 


1,800,000 








80,000 34,000 
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HE ACCRINGTON Fitter Bep ErrituEents—(Continued). 




































































| 
BD) H 6 7 3 
| ees 
B. Enteritidis Sporocenes Test. f 
_ .tndol Test. Spores of B. enteritidis sp»rogenes Bile-Salt Glucose Peptone Test. 
do] in broth cultures direct (kJein’s “ enteritidis change” in anwrobic (+ = acid and gas.) 
(5 days at 87° C), milk cultures). * 48 hours at 37° C. 
Cultures heated to 8u° C. for 10 minutes. No. REMARKS, 
) | 100 | 1,000 } 10,000 | 100,000 | 1 1) | 100 | 1,000 | 10,000 | 109.000} 1 10 109 }1,000 | 10,000 | 100,00 
t 0) “Ol | *0001 “C0001 1 rl ‘OL | 7001 | “0001 “00001 1 ch ‘OL | *001L | -0001 *OVOU1 
Sl ve et reel Poker en €.¢, G.c, cA eee wre Semel re es COs Cie, CeCe |PeC-Ce |) Glen ecrGe Cae, CC. 
| 
Je ma 24 | 
+ 25 
+ aa a 
Al, = 27 
= aoe 28 
oh — 20 
+ _ 30 
rr soe BL 
=F = 32 
ata — + = 33 
+f — A ae 34 | 
-- 4 - 35 
oa — de = 35 
Ge sae + — 37 
ap = a0 28 
+ = + — 39 / 
co es oe = 40 
. at = +4 = 41 
=} Es ete as 42 
te + = 43 | 
I.) a= + — rey Oi 
+ pe + _ 45 
ae = + — 46 | 
} 
5 ae Oe 3 + - 47 | 
: ‘ | 
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ee ee } ; 
1 Z 1 oS 
Description of the Sample. Number of B. Coli (or closely allied 
: forms) in 1 c.c. 
Total Number of (Primar a 
peer y broth cultures (48 hours at 
— Bacteria in 1 ¢.c. 87° C.) and subsequent surface ass 
gelatine plate method.) Se " 
Lime of Collection. Za | 8d 
ee 
No. Other Details. 1 10 100 is a 5 2 
Gelatine | Agar at a8 ge 
at 20°. | 37°, 28 {es 
Bea ios 
ete 6 
| | : 
Hae? ACCRINGTON EFFLUENTS. } 
49 =F 9) 9. 1992 | Effluent from Beds 7,8, & 9 80,000 39,000 } 
ig | 11 
eae. res eee F : ‘ »» | 10,000,090 | 3,300,000 n 
| 3 
| | 1 
| | 3 ‘ 
eet os: aes ,, | Effluent from Beds 10, 11, & 12.. 120,000 30,000 ; : 
iat 
| | : 
52 .. a Coe ae F 3 eae hes 1,600,000 | 1,300,000 i 
Pe fl 3 
ate | 
68 . | 2, 17 | Dae sa 5 - 5) 2,300,000 210,000 ' 
t 
| | 
64 .. H Be 22) ,,| ,, | Effluent from Beds 1, 2,3,&4.. | 260,000 46,000 } 
ei 
56 = og | aaa : x, 5 660,000 | 310,000 | i 
es 
| | : 
Keer, = oe Wee are P s * 1,400,000 260,000 i 
} | 
57 .. Ee 29| ,| ,, | Effluent from Beds 5, 54, 6, 6A | 10,000,000 | 480,000 | 
58 .. be ne eee ' 5 ” 360,000 49,000 
59 .. = 1/10/| ,, | Effluent from Beds 5, 5, 6, 64 | 16,000,000 | 1,800,000 
60 .. = CP, a Effluent from Beds 7,8, & 9 .. | 14000000 | 1,500 000 
61 .. a 7 eee. tees ” ” ) ” ee 20,000,000 2,600,000 
| pe 
Ghee } awa ‘ Sher » +» | 8,000,000 | 1,100,000 
| if 
68 .. 13 , | ,, | Effluent from Beds 10,11, & 12.. | 2,000,000 400,000 q 
| a 
ta 
‘ 
64 .. = 14 | ” ” ” » A) > aa 100,000 5,000 i 
hee } 
= } : 4 5 F { 
6 . — te ee lem » - me it bp Se BO GeO fates OUD t 4 
| a 
665... = 20| | ,, | Effluent from Beds 1,2,3,&4..| 8,900,0.0| 140,000 | - | : 
87 { ‘ i ; ig 
; = 21 ” ” ” ” ” ” ” <t 4,800,000 730,000 { i ; ‘ i 
68 ae ae 22 ” ” ” ” ” ” ” ois. 1,600,000 120,000 ' 
’ 4 é 
69 _ 27 | ») 4 | Effluent from Beds 5, 54,6, 64.. | 2,100,000 80,000 ! . | 
! 
70 | 6 | } 
a5 ies — Ri Masta , i 53 i » +. | 2,300,000 140,000 
‘1... ig" at 29 ” ” ” ” ” ” bee Ra 1,700,000 280,000 = ; . . . 
Pas ts 
i ee 2 ee 3}11| ,, | Effluent from Beds 7,8, & 9 .. 170,000 42,00 : 
Sees = ie ae »' om pg» p= | 8,409,000] 580.000 
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HE ACCRINGTON FiureR Bep ErrLuENts—(Continued). 





B. Enteritidis Sporogenes Test. 


Indol Test. - Spores of B. enteritidis sporogenes Bile-Salt Glucose Peptone Test. 
\dol in broth cultures direct (Klein’s “ enteritidis change” in anzerobic (+ = acid and gas.) 
(5 days at 37° C). milk cultures). 48 hours at 37° C. 


Cultures heated to 80° C. for 10 minutes. 








0 100 {1,000 } 10,000 | 100,000 1 1) 100 | 1,000 | 10,000 | 10°,000 1 10 109 | 1,000 | 10,000 | 100,000 















































1 | 01 | 001 | coor | -oooon | 1 | 1 | -o1 | oor | -ooor | oor | 1 | 4 | -o1 | -oo1 | “001 | -oooo1 
Ce: C.c. c.Cc, ¢.c. c.c. c.c. c.c. c.c. c.c. c.Cc. Cc.C. c.c. C.C. c.Cc. c.c. c.c, c.c. 
cs Pes + — 49 
aE = + 50 
Ble oe 51 
aE oe 52 
£ ae 53 
ee 5 _ 54 
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| Pea S ~ 68 
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i 




















25.—App. IIT. 











ee 





79 . 
80 .. 


81 3057) 


8&2 .. 


Olncs 


83.25 








Description of the Sample. 





Time of Collection. 


3.55 P.M. 
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Other Details. 


1902 Efiluent from Beds 7,8,&9 .. 


_ Effluent from Beds 10,11, 4 12.. 
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» , i al Efiluents from Beds 7, 8, & 
9 Chace sample, strong E. 
wind and cold 


» Elluent from Beds 7, 8, &9.. 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION: 


Total Number of 
Bacteria m 1¢.c. 


Gelatine 
ab 20° v. 


—_ 


2,600,000 


170,000 


3,800,000 


180,000 


1,000,000 


3,200,000 


800,000 








Agar at 
ayia G4 


460,000 


9 000 


72,000 


14,000 


290,000 


710,000 


240,000 


58,000 


130,000 | 


20,000 


9,000 


1°,000 


10,000 














Number of B. Coli (or closely allied 
forms) in 1 ¢.c. 


(Primary broth cultures (48 hours at 
37° C.) and subsequent surface 
gelatine plate method.) 





1 | 10 | 100 [1,000 } 10,000 | 100,0.0 
1 1} 01 | vor | 0001 | 00001 
(oe c.C. c.c. c.c. c.c. c.c. 
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Chie: Biological Chara 
ters of the strwin of | 

Coli present in the 
number specified ir 


Col. 3 : 
Gas. Indol.) (q) Age ; 
a ga | () Clow 
= wo oO 
To} ‘Bee 7 Be (Litmus mij 
an 4 * | culture: 
: ao Ba de 28) 
2¢R] oa er oy 
Bao | Se ) 
4s Es 
58. |.8° | @ [ia 
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E AccRINGTON FirtER Bep Erriurnts—-(Continued). 





B. Enteritidis Sporogenes Test. 









































_.'ndol Test. Spores of b. enteritidis sporozenes Bile-Salt Glucose Peptone Test. 
do] in broth cultures direct (Klein’s “ enteritidis change” in anwrobic (|- = acid and gas.) 
(5 days at 87° C), milk cultures). 48 hours at 37° C, 
Cultures heated to 80° C. for 10 minutes. No. REMARKS, 
0 10 7. OVO} 10,600 {| 100,000] 1 1 | 109 | 1,000 | 10,000 | 10.000] 1 10 109 | 1,000 | 10,000 | 100,0u0 
spp sf ese Se a ar | RY (rec | A pee) | ae a (SA [ne | eae ee 
i 0 OL “uO01 *v0001 1 | ‘O01 “001 “0001 “V0001 L il OL “O01 0001 |! -00001 
ie | CTCL OES C.c. Cel | eC.G2) | Osc). | che: ae! Ge, Ci@s) PresCs le Gse.. esc. | G26. | Csce 
| +] — + aa 74 
+ aa ae — 75 
=f == ia = 76 
=e — af — 77 
=e eS a6 a 78 
ai — Sie === 79 
+ — += 80 
ae 4 81 (3057) | Sample (3057) yielded gas in 1a. 
tine “shake” cultures withi, 
24 hours at 20° C. with ‘Olc.c. 
As regards the Cane-sugar pep- 
7 tone test a positive result was 
obtained with ‘0001 c.c. 
ab == 4+ — 82 
i as = 83 
a= == = = 84 
+ a 85 
+ —_ 86 
4 — 87 
au = + — 88 
+ = + | — 89 
. 
ae == + —_— 90 
ay = Hs = 91 
+] — + | — 92 
F =: = — 93 
de = 94 
de = 95 
4 = 96 
de = + _— $7 


a a en a a ad US Sa SS = 
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ResuLTs OF THE BACTERIOLOGICAL» EXAMINATIC 
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Number of B. Coli (or closely allied Coli present in th 
Description of the Sample. forms) in 1 ¢.c. number Ms | 
Total Number of imary broth cultures (48 hours at =}|——— ©. 3 
Bacteria in 1 c.c, es C.) and subsequent surface Gas. |Indol, (a) Acid 
gelatine plate method.) ie oh (2) Cle 
4 ou go 
Time of Collection. Sha Br (Litmusr 
{x5 a; cultures 
No. Other Details. 10,000 | 100,030 2 ad Z @ davem 
; + A ry ——| —— | --———] ——__] ——_ 3 98 by E, 
Gelating | “ex Sop | el ohare eee 28 |Sa| 4 
at 20° C. 37° C, €.C. 1) - C.Csal| CC Guerm| ergs 60182 | tc (a) | ( 
22 
————— | | ' 
ACCRINGTON EFFLUENTS. 
| 
ae mee — 7| 1 | 1903 | Effluent from Beds 10, 11, &12.. | |. ee We a ee 
: 
j 
COWS ce — SPAN * Effluent from Beds 1, 2, 3, and 4 | 
| | : 
3086b 3.5 P.M. yl? a Effluent from No. 7 Bed, chance | ‘ 
gs Sh : sample, effluent unsettled .. 16.000 Bay | = + ae 
102. — TSG ” » ” » ” 
| 
108. = 14 ” ’ ” ” ” ” 
LOLS sae — 1) IPs 3 Effluent from Beds 6, 5A, 6, 6A 2 000 
q 05 ee oe aes 20 ” ” ” ” ” ” 22 000 
106 .. ve = 21 vie ” ” ” ” ” 16,000 
107% oe <= 28 te hel Effluent from Beds 7, 8, &9 .. = 
108 ., on aa 27 ” ” ” ’ » %) SR — = F #. 
OOM oc. os 28 ’ ” ” ” ” ” = * , = 
AO 2. ge a RD Soe Effiuent from Beds 10, 11, & 12.. 
3 ia it . = 3 , ” ” ” ” ’ 
112. Sie 4 a 3 ” ” ” ” 
BS 2 a = SMe |e: Effluent from Beds 1, 2,3, & 4,. 20,000 | ’ 
! | 
al4f.. a. cz 0} » 7 ’ ” $ ’ | 8,100 | | 
| 
| | + : 
115 = 11 ae |i ag ’ ” ”» ? 4,900 | } 
| . 
116... .. a 16|. | » | Effuent from Beds 5, 5S, 6, 6A 4 -—- is if t 
17 .. - 17] 2) ,, | wetuent from Beds 5, 5A, 6, 6A .. + = ae + 
ELS rete = t So |i, %, ss a et x an oe 4 — f + + : 
; U 
{igus — *3 |») » | Effluent from Beds 7, 8 &9 .. ia 
i. Loom cae — 24 | ae iq 
| ” 9 ” ” be bated ; : 
Lb iets Ma rt 25 ” ” ” ” ” ” 9/ is 6 | 
RS - RE fs Effluent from Bads 10, 11, & 12. § ay | 
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B. Enteritidis Sporogenes Yest. 


Indo] Test, Spores of B. enteritidis sporogenes Bile-Salt Glucose Peptone Test. 
91 in broth cultures direct (Klein’s “ enteritidis change” in anzerobic : (+ = acid and gas.) 
(5 days at 37° C), milk cultures). 48 hours at 87° C. 
Cultures heated to 80° C, for 10 minutes. No. 








100 j 1,000} 10,000} 100,000) 1 19 | 100 | 1,000 | 10,0001] 109,000] 1 10 | 109 {1,000 | 10,000 | 100,0v0 
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C.c. | Cc. C.c, C.c. Ge. |i c.e. | c.c. | cic, Gc. C.c. C.c. | G:cz)| Cc, | C.c. c.c. C.C. 
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REMARKS, 


Sample (3086B) yielded positive 
results with ‘Ol e.c. with the 
neutral red broth and lac- 
tose peptone milk tests. 








eh +] - bole | 116 
{ + aad 7 “Bi = | | ln ky; 
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1325. 


133 .. 


134 .. 


136 .. 


137 (521). 


138 (522).. 


3.9 (3423) 





——— en nen 
| Time of Coj'ec ion. | 
EE 
|-_——_—____— -: Other Details. 
= Gelatine | Agar at 
| ou he 3 at 20° v. | 37° C, 
2 ° » 
| Bol ue siecle ites | eeaeare 
ACCRINGTON EFFLUENTS. 
ao 4 3 | 1903 ” ” ” ” $9 sie 2,400 
— Phils » | Effluent from Beds 1, 2,3,&4.. 
=— 10 ” ” +} ” ” ” om 
ae 11 ” ” ” ” ” noe 
— iMG | » | Effluent from Beds 5, 5A, 6, 6A.. 
ae 17 ” » ” ” » ” y 88 
Ee 18 ” ” ” ” ” ” 90) ee 
aad 234 oy », | Effluent from Beds 7, 8, & 9 .. 700 
= 24 ” ” ” ” ) ” yee 8,200 
> 25 ” ” ” ” ” ” ye 13,000 
— SOs as, o Effluent from Beds 10, 11, & 12 
a 31 ” ” ” ” ” ” yee 
ahs 1 4 ” ” ” ” ” ” oe , 
LT ACM. | 22h es » | Continuous Bed Effluent .. .. 
bly We oa. Ws oa 5 » | Continuous Bed Effluent after 
BOLLIOMONG 7.) wal ease Miner 
_ 15 | 3 | 1904 | ‘‘ Works”’ Effluent Ao, | or fod 
Average,| Average. 
inclusive ofjinclusive of 
all the re-jall the re- 
sults— sults— 
3,959,509 492,889 
10 million, |1 million, 
5 samples} 16 samples 
AVERAGES ve .- \ 1 million  |100,000, 
30 samy les} 40 samples 
100,000, 10.CC0, 
13 samples} 27 samples 
10,000 1,000, 
3 samples]-12samples 
100, 
2 samples 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION 








Description of the Sample. 


Total Number of 


— nn 


Bacteria tn 1c¢.c. 


















































Number of B. Coli (or closely allied 
forms) in 1 ¢.c. 


(Primary broth cultures (48 hours at 


1 





c.c. 


87° C.) and subsequent surface 
gelatine plate method.) 




















100,000, 7 samples 
10,000, 3 samples 
1,000, 13 samples 
100, 8 samples 

1, Lsample 


Negative 1/100 c.c. 4 samples 


| 


10 | 100 |1,000 | 10,000 | 100,000 
1 | -01 | ‘001 | ‘0001 | -vov01 
c.c. c.c, c.c, c.c. C.C. 
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Chiet liolozieai Chara 
ters of the strain of B 
Coli present in the 
number specified in 
Col. 3. 


inuol.! (@q) Aidit: 
(b) Clot. 


Gas. 


(Litmus :ni 
cultures, 
days ib 
27° C.) 


shake ” 


cultures, 24 hrs. at 
90° C.) 
roth cultures, 


5 days at 37°C.) 


» 
» 


(wu) 


(Geiabime” 


@. 


+ Alkali 


Alkali 


+ 


bo 
= 


, both indol and clot 


~I 


, neither indol nor c 


bo 


, indol, no clot 


to 


, clot, no indol 


a er 


t ACCRINGTON FiuTeER Bep EFFLUENTS. 








Indol Test. 
in broth cultures direct 
(5 days at 37° C), 





100 | 1,000 { 10,000 | 100,000 








01 | 001 | -0001 
ac. | eve. c.c. 


———— SA 











000, 5 samples 
000, 13 samples 
100, 10 samples 
100, 7 samples 
« 


10, 1 sample 
ative 1/100 c.c. 1 sample 
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B. Enteritidis Sporogenes Test. 
Spores of B. enteritidis s 
(Klein’s “ enteritidis change 
milk cultures 
Cultures heated to 80° C. for 10 minutes. . 


100 | 1,000 
OL 008 


c.C. ¢.c, c.c. 

















1,000, 9 samples 
100, 62 samples 
10, 40 samples 


1, 6 samples 
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Bile-Salt Glucose Peptone Test. 








(+ = acid and gas.) 
48 hours at 37° C. 











19 | 100 |1,000 | 10,000 { 100,026 










No. REMARKS, 
























100,000, 6 samples 
10,000, 16 samples 
1,000 27 samples 
100, 15 samp'es 
Negative 1/100 c.c. 5 samples 
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127 


128 


129 


130 





131 


132 


nan his Likeness wines 


13 


134 


135 


136 





137 (521) | Samples (521) (522), and (3423) 
yielded as regar's the 
neutral red Uroth tests the 
following results : 











138 (522) +°001; + 0001; +°001 e.c 
respectively. 
139 (3423 
i 
| 
HOUSTON, 


July 5, 1904. 
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SEWAGES AND OPE 


A few samples only of sewage and tank liquor were examined, in order to afford s 
The results were similar to those usually met with in 


a avid) tie ae RESULTS OF THE BACTERIOLOGICAL EXAMINATIO} 
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; * Number of B. Coli (or clovely alliea . (Coll -p:eseai in 
Lo ig ten a pho Bey forms) in 1 c.c¢. number specitied 
(Primary broth cultures (43 hours a : - Gols 
37° C.) and suvs-quent surface 4as, |Faeiol. 
gelatin plate method.) = Za 
The of Collec fon. is #5 
y Be a is 
Xo. yt 1 Otner Detatp. 10 | 100 | 1,000} 10,000 | 10,020 |, Be 
. = So rd) 
& our, a 3 a ‘1 | 01 | vol} ovo: | -oowol 133 A 3 
£ S ns c.c. | 6.e, | 6.c. C.6. 6.0. 3 a 43 
De mcs ees 12.10 P.M. 19 2 1902 | Crude sewage.. .. .. «. 
B — 1l 7 1904, |(Crude'sewage =. 12) -«s)ndue-ilesn meeinncte oc + ee + 
Cc == 12 ” ” Crude sewage ..0 <. cast soe 4: we “ i 
D ae 13 ” ” Crude sewage... .. . + a le *, 
E = 14 , ” Crudesewage.. .. .. .. . at ete a 4 
I ho Gpewas 12.18 P.M. 19 2 1902 | Open septic tank liquor .. .. 
S056 Shoe. 3.48 P.M. 19 11 19 Open septic tank liquor + & Ze x 
B086A www 3 P.M. 12 1 1903 | Open septie tank liquor .. .. .. .. + 2 + 2 eS 
520 ans 10.40 A.M. 22 4 % Open septic tank liquor 
@ — 11 7 1904 | Openseptictank liquor .. .. .. .. ' Popa + ch + 
H : _ 12 ee i Open septic tank liquor .. .. .. .. + + a oe 
| ern ee —. 13 is “p Open septic tank liquor .. .. .. .. + + _ + 
» ee - 14 i 53 Open septic tank liquor .. .. .. .. i + + + + 
342 - = 15 8 i Storm overflow discharge .. .. .. .. ee 4 Bear ers 
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IPTIC TANK LIQUOR. 


rtunity of comparison with the large number of samples of the effluents. 


riological analysis of sewages and open septic tank liquors. ° 


INGTON CRUDE SEWAGE AND OPEN Septic Tank Liquor. 










B. Enteritidis Sporogenes Test. 
Spores of B. enteritidis sporogenes 
(Klein’s “ enteritidis change” in anwrobic 
milk cultures). 

Cultures heated to 80° C. for 10 minutes. 


Indol Test. © 
dol in broth cultures direct 
(6 days at 37° C). 









10,000 





100,000 


0 100 | 1,000 | 10,000 | 100,000 


1 ‘OL | °OO1 | 0001 00001 














1 ‘Ol | “001 0001 “00001 
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+ —_— 
+ 
+ - + | — 
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+ + | — 
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Test. 


er 


Bile-Salt Glucose Peptone Test. 
(+ = acid and gas.) 


48 hours at 37° C. 


1 10 109 }1,000 | 10,000 


100,020 


1 ‘1 “OL | “001 
C.c. | C.c, |} C.c. | C.c. C.C, C.C. 


+ 





“0001 00001 





ec eee UEEEEEIEEEEEEEemeenemn enema ened 


REMARKS, 


eee 


Sample A yielded ‘‘gas” in gela- 
tine ‘‘shake” cultures within 
24 hours at 20°C. with ‘01 c.c. 
and a positive result with the 
neutral red broth test with 
00001 c.c. 


Sample ¥ yielded “gas” in gela- 
tine “shake” cultures within 24 


hours at 20° C. with ‘001 c.c, and 


& positive result with the neu- 


tral red broth test with ‘0001 c.c. 


Sample 3056 yielded “ gas ' in gela- 
tine “shake” cultures within 24 
hours at 20°C. with ‘001 c.c. and 
a positive result with the neu- 
tral red broth test with ‘0001 e.e. 


Sample 30864 gave a positive 
result with ‘the neutral red 
broth test with ‘0001 c.c. It 
contained 500,000 microbes per 
c.c. (agar. at 37° C). : 


Sample 520 gave a positive result 
with the neutral red broth test 
with °0001 c.c. 


Sample 3424 gave a positive result 
with the neutral red broth test 
with °00001 c.c. 


$$ recor nn 


~App. IIL. 


E 2 
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SUMMARY, 


ACCRINGTON EFFLUENTS. 


TOTAL NuMBER or BACTERIA IN ONE CuBIC CENTIMETRE. 


(GELATINE AT 20° C.) 
51 Samples. 


Average number of bacteria per c.c.: over 3 million. 


APPROXIMATE FIGURES : 


5 samples (about 10 per cent.) 10 million bacteria per c.c. 


30 4. (about 60 per cent.) 1 million 


) »? 


13 a (about 26 per cent.) 100,000 


? > 


3 . (about 6 per cent.) 10,000 


” 2 


These results may be shown in a diagram as follows :—* 


TOTAL Number oF Bacreria (GELATINE AT 20° C.) 


10 


million | @6@@@@@@@e about 10 per cent. 


ak \ . about 60 per cent. @@@@@@@@@C008 
M110? | @@0000000000000000000000000000000008000000000008 


100,000 S8C@@CCCCCCCOCOECOOOOCGOOSO about 26 per cent. 


10,000 @@@@e@ about 6 per cent. 


ey, ae 


* Each dot represents one~per cent. of the samples. 


TOTAL Numper or BacrerrA IN 1 CUBIC CENTIMETRE. 


(AGAR ar af. ©) 


97 Samples. 
Average number of bacteria per c.c.: nearly 500,000. 


Approximate figures. 


16 samples (about 16 per cent.) 1 million bacteria per c.c. 


40 4 (about 40 per cent.) 100,000 _ 

27 4 (about 27 per cent.) 10,000 ih : 
12 5 (about 12 per cent.) 1,000 i ? 
2 = (about 2 per cent.) 100 " . 


These results may be shown in a diagram, as follows :—* 


TOTAL Number or Bacrerta (AGAR aT 37° C.). 


1 
‘million 


|} eoccccececeecece about 16 per cont. 
100,000 @@@@OOOCOOCCOOOSCSCOOCCOOOOGOS8SOSS3S8SSESSSS about 40 pe. 
10,000 S6@C@GGC@0G@GCORCCGCCReEG0CEGGH about 27 per cent. 


1000 @e@eeeeeeeeeee@ about 12 per cent. 


100 @@ about 2 per cent. » 





* Each dot represents one per cent. of the samples. 
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NUMBER or B. Cott (or CoLi-LIkE MICROBES) PER C.C.. 
36 Samples. 


APPROXIMATE FIGURES. 


7 samples (about 19 per cent.) 100,000 B. coli (or coli-like microbes) per c.c. 


3 e (about 8 per cent.) 10,000 * ” . 
13 - (about 36 pey cent.) 1,000 ¥ 3, 5 
8 x (about 22 per cent.) 100 ts 3 - 
1 . (about 3 per cent.) 1 Fe f : 
4 z (about 11 per cent.) Negative result 3, ¢.c. 


These results may be shown in a diagram as follows* :-— 


B. coli test. 


100,000 @©8@@0€0008880069998686 about 19 per cent. 
10,000 @@@@@6@@ about 8 per cent. 

1000 C8@@COSCOCCOOCOODOSCHROSSEQECECCSOSESO about 36 per cent. 

100 ©@0@9G00008608000689696E8 ‘about 22 per Aw 


10. 11 per cent. of the samples yielded a negative result..with.q$o,CCe xo; 


1 @@@ about 3 per cent. 


As regards the biological attributes of the B. coli (or coli-like microbes) about 63 per cent. 
produced both indol in broth culture and acid clot in litmus milk culture. About 33 per cent. 


were atypical. 








* Each dot represents one per cent. of the samples. 
N.B.—As regards the B. coli, indol, and bile-salt glucose peptone tests, it should be noted that the tests 
were not “pushed” beyond j,5,o99,0f a cubic centimetre. 
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~ Inpor TEst 
Indol in Broth Cultures. 
(5 days at 37° C.) 


37 samples. 


APPROXIMATE FIGURES per c.c. 


5'samples (about' 13 per cent.) 100,000 (+ -00001-c.c.) 


13 » (about 35 per cent.) 10,000(+ 0001 cc.) 
10 » (about 27 per cent.) 1,000(+ 001 cc.) 
z » (about 19 . cent.) 100 (+ ‘O01 c.c.) 
1 , (about 3 per cent.) 10 (+ 1 Ge.) 
1 » (about 3 per cent.) negative result z3, ¢.c.) 


These results may be shown in a diagram as follows? : 


Indol Test. 
100,000 ge@e9geeeececoeoaeoeoee «bout 13 per cent. 
10,000 @0G0000000000060000000868G0880OS0880 = about 35 percent. 
1,000 @@@CCCOSOOOOOCOHCOOOOOCCSOO about 27 per cent. 
100 e@eeceeeeeeoeeeoceeee § about 19 per cent. 
10 @@6@ about 3 per cent. 


About 3 per cent. yielded a negative result with 735 ¢.<. 











* Each dot represents one per cent. of the samples... ; 
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B. Enreritipis SPOROGENES TEST. 
117 Samples. 


APPROXIMATE FIGURES PER C.C. . 


9 samples (about 7 per cent.) 1000 (+ ‘001 cc.) 


62 » (about 53 per cent.) 100 (+ ‘Ol ce.) 
40 «3 (about 34 per cent.) 10 (+ ‘lee.) 
6 » (about 5 per cent.) 1(+ lee) 


These results may be shown in a diagram as follows :—* 


B. Enteritidis Sporogenes Test. 


1,000 @@@@@@@ about 7 per cent. 


about 53 per cent. @@@ 
100 ©0©608066080 0688600609000 0000000008880 0800900808008 


10 000000000000 000000080C0OCOOCCCCOCe 2bout 34 per cent. 


1 @@@@@ about 5 per cent. 





* Each dot represents one per cent. of the samples. 





Diagram.A.showing the results ofthe Bactertological 
Examination of the Accrington Lrfivents . 


@@@ Total number of bacteria (gelatine aé 20°C) 


OOO A . 3 » tager at 37°C) | Results stated as number of 
@®@ Bcoli test bacteria per cube centimetre 
O00 /ndol est Lach dot represents one per 
eee Benteritidis sporogenes best cent of the sain ples. 


@®0 Bile-salt glucose peptone test 


High | 2222200820 10% 
7O ee 
GSS00SS SOS0S0OSS 290009 SS05S90SS90S 90206 SOSSSOSSSSCOSSESOCOO 60% 
OOOODOOOOCD00000 6% 
7 MILLION 
soccscagssqqsoacooasooases 26% 
9 Bsssserg zoel: ‘DOOOCOOOO0OO 40% 
700,000 13% Z 
sdeesaeate 
1 
Soocees 6% 
8290000000000000000 27% 
10,000 ddettcad eM ae 
| 0000000 0000000000000023% 


10001888 Eas Sreeneonenzanesvoesoetie 


Uitte @ 922000000000 DOGO QO 0G COCODDOOOO2OORO 39% 


CeeCoeocccece coe Je OLSe 
720 | OOOQDOOSOOOOOOOOOOO 79 Xoo 


|oseseecssoecoscosenson opooeccososocooscsecoose|se|see 53% 


104 11% negative'Olc.e. 
O00 3% negative -Olc.e, 
G90 ceece 19 OSOC 00000900 0000000000906 344% 
egative 


74 @0@ 5x 
eeece 5% 





5236. 10. OF, 
: Weller &Graham.Lt¢? Litho.Lond 
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BrtE-SaALt GLucosE PrepronE TEST. 


69 Samples. 


APPROXIMATE FIGURES PER C.C. 


6 samples (about 8 per cent.) 100,000 (+ ‘00001 c.c.) 


16 : (about 23 per cent.) 10,000 (+ ‘0001 cc.) 
2T ‘, (about 39 per cent.) 1,000 (+ ‘001 cc.) 
15 a (about 21 per cent.) 100 (+ ‘0 lee) 
5 : (about 7 per cent.) negative result 7} ¢.C.) 


‘These results may be shown in a diagram as follows :—* 


Bile-Salt Glucose Peptone Test. 
100,000 @@6©S@6@® about 8 per cent. 
10,000 @©@@GOCO6OSCOOHGOO9E9SOO08@ about 23 per cent. 
1000 €@08698090068 0008065696908 0800908069600086 about 39 percent. 
100 0006006086600 000600008 about 21 per cent. 


About 7 per cent. yielded a negative result with 73, cc. 


In Diagram A the foregoing results are grouped together for comparative purposes. 








* Each dot represents one per ot tl 
Saereuath p per cent. of the samples. “ 
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GENERAL REMARKS. 


Although the Accrington effluents were not, in my opinion, in a fit state (bacteriologically) to 
be discharged into drinking water streams there can be no doubt that the effect of the treatment of 
the sewage (septic tanks and continuous filtration) was greatly to reduce the number of bacteria 


originally present. 


Taking the B. coli test and the presumptive tests for B. coli and microbes of an intestinal type 
(indol and bile-salt glucose peptone tests) and considering all these results together, it appears that 
the effluents contained. per cubic centimetre :— 





100,000 =f ee 13% of the samples 
10,000" 4, ama 
ES 
1,000 he < 34° ee " = os 
ae 
310 b4 
100.55 2 2 ee » |8e 
Less than 100 Me Sab 99+ Dag f 
/ 


Hence nearly two-thirds of the samples contained less than 10,000 of these microbes per cubic 
centimetre. 


As regards the B. enteritidis sporogenes test the results per cubic centimetre were + — 


1,000 oy su 7% of the samples 
2x 
100 v5 ay B37 ts a4 
ae 
10 ne oF SA, i oe 
me 
ri 


1 «2 a 
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ADDENDUM. 


CONSIDERATION OF THE BACTERIOLOGICAL RESULTS IN RELATION TO PROVISIONAL STANDARDS’ 


(Non-drinking water streams). 


It is of interest to consider the foregoing results in relation to the primary and secondary 
standards, which have been suggested tentatively by me in previous reports to the Commission, for 
effluents destined to discharge into non-drinking water streams. I desire to take this sy daebaaad 
of once more emphasizing the statement that any standards which I have suggested, whether as 
regards drinking water streams, non-drinking water streams, potable waters, estuarial waters, or 
shell-fish are provisional in character, are meant for comparative purposes, and have no adminis- 
trative significance. , 


Effluents destined to discharge into non-drinking 
water streams. 























Tests. z : eiseee 
Primary Standards. | Secondary Standards. 
‘Total number of bacteria (gelatine at 20° C.) - - Less than 100,000 2 Less than 1,000,000 a 
‘Total number of bacteria (agar at 37° C.) - - Less than 10,000 By Less than 100,000 j 3 
B. coli test : : aa es " 2 , 
TIndol test - 2 Z - s . a ‘ iz 
Bile-salt glucose peptone test - - Less sees a a tie Las an 0601 ets oe 
Lactose peptone milk test - - - . - , 
Neutral red broth test - - : : : ” 
““Gas” test (“gas” in gelatine “shake” cultures, . 
Sa hoursat202C.), - - (= 9 =) sus Less than 10 per c.c¢. Less than 100 per c.c. 
(— ‘Lae.) (— ‘01 c.c.) 
B, enteritidis sporogenes test - - oan ae A. Sy 
| 
Primary Standards. _ Secondary Standards. 
Description of Samples and Tests. fee ee PY aie fener 
** Passed.” “ Rejected.” ** Passed.” *“ Rejected. 
ACCRINGTON CRUDE SEWAGE* :— 
Total number of bacteria (gelatine at a — — 
20° C.) 
Total number of bacteria (agar at 37°C.) - = a de. 
B.cohtest -  - : - - +} None out of 4 All None out of 4 All4 
Indol test - ewe a-, ¢ - }.- - do. do do. do. 
Bile-salt glucose peptone test - - - do. do do. do 
Neutral red broth test - = - sh 23 One tested failed. One tested failed. 
“Gas” test (“gas” in gelatine “shake” seul obs do. 
cultures, 24 hours at 20° C.) : = 
B enteritidis sporogenes test - - - | None out of 5 All 5 None out of 5 All 5 





—_—' 


* These results, although few in number, are given for comparison with the numerous records relating to the eftluents. 
6225.—App. III. F 2 


CONSIDERATION 





Description of Samples and Tests. 


44 


OF THE BACTERIOLOGICAL RESULTS IN RELATION TO PROVISIONAL STANDARDS—Continued. 





Primary Standards. 


Secondary Standards. 





“ Passed.” | “ Rejected.” 


“ Passed.” “ Rejected.” 








ACCRINGTON OrEN SEPTIC TANK 


Liquor*® :— 


Total number of bacteria (gelatine at 20° C.) 


Total number of bacteria (agar at 37° C.) 
B. coli test - - , b 
Indol test - . . e : 
Bile-salt glucose peptone test - = ee 
Neutral red broth test - eee : 


“Gas” test (gelatine “shake” cultures, 
24 hours at 20° C.) 


B, enteritidis sporogenes test - : : 


AccRINGTON StoRM OveERFLOw Dis- 
CHARGE* :— 


Total number of bacteria (gelatineat 20°C.) 
Total number of bacteria (agar at 37° C.) 
B. coli test —- - , - - 
Indol test - - ~ _ ’ 


Bile-salt glucose peptone test 
Neutral red broth test - : : é 


“Gas” test (gelatine “shake” cultures, 
24 hours at 20°C.) - 


B. enteritidis sporogenes test - . - 


1 tested failed 


None out of 6 All 6 
Ditto Ditto 
None out of 4 All 4 
Ditto Ditto 
Neither of 2 Both 
None out of 7 All 7 





1 tested failed 


| 
| 1 tested failed 


J eee failed 





ACCRINGTON EFFLUENTS :— 


‘Total number of bacteria (gelatineat 20°C.) 
Total number of bacteria (agar at 37° C.) 
B. coli test - - - A : 
{ndol test-  - - . - - - 
Bile-salt glucose peptone test - - 
Neutral red broth test - - : = 


“Gas” test (“gas” in gelatine “shake” 
cultures, 24 hours at 20° C.) 


B .enteritidis sporogenes test - : 


— ,- 


6% 94% 

14% 86% 

36% 647% 

247, 76% 

29% Thy 

1 out of 6 5 out of 6 

None out of 3 All 3 
5% 95% . 

















1 tested failed 


None out of 6 All & 
Ditto Ditto 
None out of 4 All 4 
Ditto Ditto. 
Neither of 2 Both 
1 out of 7 6 out of 7 








1 tested failed 


1 psi failed 


31% 69% 
42% 58% 
127 28%, 
51% 497%, 
68% 32% 

3 ont of 6 3 out of 6 

1 out of 3 2 out of 3 
39% 61% 





* These results, although few in number are given for comparison with the nnmerous records relating to the effluents. 
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ANDOVER SEWAGE WORKS 


. Situation of works - E é . 


. Method of treatment . ‘ : 


. Population draining to works during obser- 


vations 


. Water supply in gallons per head and 


whence obtained 


. Average dry-weather flow of sewage treated 


by contact beds per 24 hours 


6. Gallons of sewage per head per day - - 


12. 


13. 
14. 
15. 
16. 


17. 


18. 


19. 


. Number of W.C.s_ - : 4 s r 


. Character of the sewage - a 5 ‘ 


. Sewerage system - a ; 2 4 
10. 
11. 


Period of observations at Andover” - 4 


Age of primary beds - - : $ 


Amount of storm-water 
during observations 


treated on filters 


Total capacity of tanks in gallons — - - 
Total area of filters in yards super - : 
Total cubic content of filter in yards 


Nature of filtering medium - - 


Gallons of settled sewage treated per yard 
super per 24 hours (all filters included). 


Gallons of settled sewage treated per yard 
cube per 24 hours 


The final effluent is discharged into - - 


About 4-mile from the town. 

Closed septic tanks and single contact 
filtration followed by land treatinent 
(Exeter Septic Tank Syndicate). 

5,000 (estimated average). 

20 gallons, obtained from deep wells 


in the chalk—a hard water. 


150,000 gallons 


30. 
About 1,100. 


A domestic sewage, containing some 
brewery refuse. 


Partially separate. 
February, 1908 to August, 1905. 


About 14 years; they were started in 
August, 1901. 


About twice the dry-weather flow is 
treated ; but it depends largely 
upon the rate at which tle pumps are 
working and the time at which the 
rainfall occurs. 


Approximately 120,800. 
977-7. 
1,300. 


Locomotive clinkers, }-in., free from. 
dust. 


153. 
115. 


The River Anton; but very little 
reaches it. 


46 


FLOW OF SEWAGE. 


Owing to the admittance of back-roof water and back-yard water to the sewers, and 
also to the fact that a quantity of ground water finds its way into the sewerage 
system in wet weather, the flow of sewage is subject to considerable increases in times 
of wet weather. There are no storm overflows on the system above the pumping 
station, and the whole of the storm water therefore reaches the receiving tank there. 
The bulk of it is sent up to the works, but a fair quantity passes over the overflow 
situated at the side of the receiving chamber, and thence direct to the river. We 
have not been able to form any estimate of the amount discharged in this way, but as 
the overflow (whose working depends upon that of the pumps) was allowed to come 
into operation only about 68 times during a period of 21 months (February, 1903, to 
October, 1904), it may be reasonably conjectured that the quantity is not very large. 


A second storm-overflow is placed between the tanks and the filters ; this is set so as 
to come into operation when the flow exceeds the maximum flow of 220,000 gallons per 
day, but, being dependent upon the working of the filters, it is possible for it to act 
at almost any state of the flow. ‘Towards the end of 1904 the filters became rather 
clogged, and, owing to the slow rate at which they have filled since then, the flow of 
sewage into the tank has often exceeded the outflow of tank liquor from it; in 
consequence of this some tank liquor has been discharged unfiltered on to the land 
almost every day for some months. 


The flow of sewage was measured by means of an automatic recorder throughout a 
period of six days, in August, 1905. As the weather dvring-this period was dry, and 
as the preceding weather had been dry also, the estimate of dry-weather flow obtained 
may be taken to be approximately correct. .The-average flow per day during the six 
days was approximately 150,000 gallons, and this has therefore been taken as the 
dry-weather flow. 3 


The highest flow, 178,000 gallons, occurred on the Saturday, when the swimming 
~bath was emptied, and the lowest, 120,000 gallons, on the Sunday, 


If the increase of flow which takes place on the emptying of the swimming bath 
is excepted, the flow of sewage is of a fairly even character, and may be said 
to fall gradually from a fairly steady flow at the rate of about 220,000 gallons per 
24 hours, which continues from 9 a.m. to 6 p.m., to another steady flow of about 
65,000 gallons per 24 hours during the early hours of the morning. In wet weather the 
variations are large. 


It will be understood that the above remarks upon the variations in the flow apply 
to the sewage as it enters the receiving tank; owing to the pumping, all natural 
variations in the flow disappear after it has once entered the tank. 


Subsow Water._-Allowing for leakage from defective taps, the high rate of flow at 
night of something like 65,000 gallons per 24 hours (three-eighths of the total flow), 
occurring as it did during dry weather, is evidence of the fact that a large quantity 
of ground water gains access to the sewers. 


Diagram B gives some typical illustrations of the sewage flow at Andover. 


Crude Sewage-—Seven samples were examined chemically, six of them, Nos. 739, 
742, 747, 810, 813 and 814 being sets of hourly samples extending over 24 hours each. 
These were drawn in two separate series of three sets each, at the end of October, 
1904, and in the middle of August, 1905, respectively, the weather being dry in both 
cases, excepting that 0°03 inch of rain fell on the day before the first sample (No. 
739) was taken. The three samples of the first series were of almost exactly the same 
strength, while the three of the second series also agreed well among themselves, 
though they were distinctly weaker than the first. The reason for drawing the second 
series was that in the first the suspended solids seemed small in quantity, relatively to 
the other figures of analysis, and it was thought advisable that this should be verified. 


Diagram B. 





DIAGRAMS SHOWING FLOW OF SEWAGE AT ANDOVER 
AS FALLING OVER A WEIR 12 WIDE. 















































Note:- Over a Weir 12" wide 1:25 inches = arate of 59,040 gallons per 24 hours. 
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The above six samples gave the following results :— 





Parts per 100,000. Average. ibaa aih 

Ammoniacal Nitrogen - — - - (4°74 to 7-83 (%)*) 6:19 (6) 
Albuminoid Nitrogen - - - - =. -  - (0°76 to 1-25) 1 02 (6) 
Total Organic Nitrogen- - -~ .- - =  - + (1:49 to 2°86) 2°09 (5) 
PO TOON i ee aint oe (ODT, $0 OAD 8:06 (6) 
“Oxygen absorbed ” at once, at 27°C. (B0°F.)- = - -- = - (2:37 to 3:15) 2°72 (6) 

“f _ in4hours ,, ts - - : (8°98 to 10°33) Ey i (6) 
Dissolved Oxygen taken up in 24 hours at about 18°C - (18-28 to 20-17) Jo Le (3) 
OE le roach oe TLC (8-10 to 21°66) 13-97 (6) 
Solids in Suspension ~— - — - - - - (13:4 to 18:3) 15:80 (6) 
Solids by Centrifuge (vols.) - - - - - = (64:0 to 143-0) 1080 (6) 
Ratio of Solids in Suspension to Centrifuge Solids - = - (1:42 to1: 8-9) 1:69 (6) 











All the above samples had a strong and more or less offensive (brewery ?) smell. 
The Andover sewage is thus one of about average strength organically, but it contains 
relatively few suspended solids; in the first series these averaged 165 and in the 
second 151 parts per 100,000, those of the second series being much the more 
flocculent. No doubt, however, the brewery refuse present in it makes it more difficult 
to treat than a purely domestic sewage, shewing similar figures of analysis. The 
chlorine figures, especially those of the first series, are curious:—9'10, 21:66. 
15:30; 8:10, 17-84, and 984. When read along with the other figures, they illustrate 
the danger of relying on chlorine alone as the measure of the strength of a sewage. 
The high chlorine content in the Andover sewage is due to the bacon-curing industry 
carried on in the town. 


The one chance sample of sewage examined, No. 555 (drawn in June, 1908, after 
heavy rain for a few days previous), was stronger than the average of the hourly 
samples, both as regards total nitrogen (8°30 parts) and ‘oxygen absorbed” (14:06),. 
but the centrifuge figure was lower (46°0); the sewage was at the moment abnormal, 
owing to the cleaning out of the pump well. 

Bacteriological Notes.—The bacteriological results are shewn in the accompanying 
table. All samples yielded positive results with 1/100,000 c.c. (100,000 per c.c.) with 
the L. coli, neutral red broth and bile-salt glucose peptone tests. The B. enteritidis 
sporogenes test yielded positive results with 1/100 c.c. (100 per c.c.). 














N.R. = Neutral red broth 


test. 
ene Etech In. =Indol test. B. Enteritidis 
i Teen soe tts L.P.M. = Lactose peptone sporogenes Remarks 
Sample. ie milk test. test. 
B.S=Bile-salt glucose 
peptone test. 
| 
555. Andover crude | - =e N.R.=100,000 100 not 1,000 
sewage, 17/6/03 
739 Andover crude 100,000 N.R. =100,000 100 not 1,000 
sewage, 1/11/04 ( —indol) B.S. =100,000 
( — clot) 
747. Andover crude 100,000 N.R.=100,000 100 not 1,000 
sewage, . 3/11/04 ( — indol) B.S. =100,000 
( — clot) | 
810. Andover crude = B.S.=109,000 100 not 1,000 
sewage, 15/8/05 N.R. =100,000 
813. Andover crude -— B.S. =100,000 100 not 1,000 
sewage, 16/8/05 N.R.=100,000 
814. Andover crude oe B.S. =100,000 100 not 1,000 
sewage. 17/8/05 N.R. =100,000 





* Probably a little too high. 
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SCREENS AND GRIT CHAMBERS. 


Before flowing into the receiving chamber at the pumping station, the sewage passes 
two screens, one having a half-inch and the other a quarter-inch mesh, The screenings 
from these are given away to farmers. 

The receiving chamber at the pumping-station is cleaned out about once a week, 
and the two pump wells situated at the side of it about once a month. The matter 
taken from these, which consists very largely of grit, is put upon the land at the 
sewage works or given to farmers. This gritty matter amounts to about 1 cube yard 
« month from the pump wells, and about 8 cube yards a month from the receiving 
chamber. 

At the top of the rising main, the sewage flows into a receiving channel 8 feet by 3 
feet, and 3 feet deep, from which it passes into each tank through two inlets. : This 
channel was originally open, but, on account of the nuisance to which it gave rise, it 
was found necessary to completely cover it. It is never cleaned out. 


SEPTIC TANKS. 
Number.—2. Size of each: 80 feet by 16 feet 8 inches. 
Depth of water.—6 feet deep at low water and 8 feet 6 inches deep at high water. 


(Note :—An automatic valve situated in the outlet channel from the tanks 
reculates the outflow of septic tank liquor. In consequence of this, the level. 
of liquid in the tanks varies at different times.) 


Cupacity of each tank (mean water level).—Approximately 60,400 gallons. 
Total capacity (mean water level).— Approximately 120,800 gallons. 
Storage between high and low water lzvels.—41,666 gallons. 


Construction.—Both tanks are constructed of cement and concrete throughout, 
and are covered with a concrete arch over which a layer of soil is spread. The 
sewaze enters in each case from two inlets placed above the water level, and is drawn 
off below the surface level by means ofa slotted pipe laid across the breadth of the 
tank. The tanks contain no submerged walls. | 


flow through.—Assuming the flow through the tanks to be a continuous one, the dry- 
weather flow of 150,000 gallons per 24 hours would give a flow through at the mean 
water level of once in 193 hours, at the rate of ‘83 of an inch per minute. At the 
maximum flow of 220,000 gallons per 24 hours, the flow through would be once in 13:1 
hours, at the rate of 1:22 inches per minute. 


Working.—In consequence of the pumping of the sewage before it enters the tanks 
and the siphonic regulation of the outflow of tank liquor, the working of the septic 
tanks is somewhat unusual: The period during which the sewage is pumped depends, | 
of course, on the amount of sewage arriving at the receiving chamber, but, as a general 
rule, the pumps are at rest between about 5 p.m. and 7a.m. Excepting when the 
water level in the tanks remains sufficiently high to actuate the automatic gear, by 
means of which the filters are filled and emptied, the liquid in the tanks is stagnant 
between these hours. In the daytime also, as has been previously explained, the valve 
which regulates the outflow of tank liquor causes the water level in the tanks to rise 
and fall, The tanks are used in parallel. 


Sludging.—Previous to the commencement of the observations (that is to say, from 
August, 1901, to February, 1903), no sludge was removed from the septic tanks, and — 
this also held good until February, 1904—a further period of 12 months. During the 
greater part of this last period of twelve months, a large quantity of suspended matter 
had been issuing in the tank liquor, and by the end of it the surfaces of the filters had 
become considerably clogged. In February, 1904, therefore, the sludge valves situated 
at the outlet end of the tanks were opened, and about 6,800 gallons of semi-liquid _ 
sludge were allowed to run into a channel cut in the ground a short distance from the — 
tank. From this time some sludge was removed in the same way about cnce’a month, 
the total quantity removed up to the end of J uly, 1904, 7.¢., after three years’ work- 
Ing, being estimated by the Borough Surveyor at approximately 130,000 gallons. 
The Operation 1s an easy one, and can be quickly carried out by one man, but 
-considerable smell arises from the channels until the sludge is dry. | 


Notwithstanding this periodical removal of sludge, a large quantity of suspended | 
matter still continues to come out in the tank liquor (August, 1905), and for this reason, ’ 
although we have not been able to make an estimate of the amount of sludge in the 
tanks, we think it is to be/inferred that either the remoyal has not kept pace with the ~ 
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accumulation, or, as is more probably the case, that the sludge valves, being situated 
at the outlet end, remove sludge only locally and exercise little effect upon the accumula- 
tions in the other parts of the tanks, 


Septic Tunk Liquor.—Thirteen samples were examined chemically, viz., three sets of 
hourly and ten chance samples. The hourly sets, Nos. 740, 743 and 746, were drawn 
at the same time as the hourly sets of sewage of Series 1, 7.¢., at the end of October, 
1904, and like the latter they were very uniform in composition. They gave the 
following figures on analysis :— 





a Parts per 100,000.| Average. ane Oh 
Ammoniacal Nitrogen - - - - - - - - (7-20 to 7-59) 7:44 (3) 
Albuminoid Nitrogen - - - - - - - - (0°88 to 1:04) 0°98 (3) 
Deiotmmermamic Nitroges)) -  §- - - “- ~ - = (1°56 to 1°88) 1°75 (3) 
Total Nitrogen - - - - - . - - - (9:08 to 9°33) 9:52 (3) 
‘Oxygen absorbed ” at once at 27°C. (80°F.) -  - ++ (2:02 to 2-20) 2:07 (3) 
x Pe in4hours ,, FE he eet ie - (715 to 7°82) 753 (3) 
Chlorine - - - .- : - Sl lo-? Tes - (10:34 to 17°14) 13°83 (3) 
Solids in Suspension - - - - - - . - (9°90 to 12°50) 11:10 (3) 
Solids by Centrifuge (vols.)- - - - - - = (51:0 to 54:0) 53-0 (3) 
Ratio of Solids in Suspension to Centrifuge Solids —- - 1:43 t01:5-2 1:48 (3) 


Judged by the figures for total nitrogen, the hourly sets of sewage of Series 1 and of 
septic tank liquor are fairly comparable with one another; but if we refer to the 
respective chlorine figures :— 

Sewage - - - . - - 910 £2166 15°30 

Septic Tank Liquor - : - - 1034 1714 °#1400 
it would appear that the flow through the tank must at the time have been uneven 
and the stay of liquid in the tank rather short. The average figure for suspended 
solids (which were fine, black and rather flocculent) in these hourly samples of septic 
tank liquor was 11 parts per 100,000; hence, the suspended solids of the sewage had 
not been much reduced in quantity or rendered much more dense by the tank treat- 
ment. ‘The samples of septic tank liquor had of course a strong smell. At the time 
they were drawn the tank had been in use for over three years, but, as already 
explained, some sludge had been removed, at intervals, from February, 1904. 


Compared with the hourly sets of sewage samples of Series 1, we get the following 
reduction in figures :— 


Total Nitrogen - - - - 7 - - 0 per cent. 
Albuminoid Nitrogen : 5 Z - - = aie 5, 
Total Organic Nitrogen - 2 - - Ra A ee 
‘Oxygen absorbed” at once - - - - Ol ae ath 

. in 4 hours - - - eee, 
Solids in Suspension - ee - - - 33 ,, 
Solids by Centrifuge (vols.) _ - 2 i - oor Ie, 


The ten chance samples of septic tank liquor examined, Nos. 30944, 486, 556, 667 
678, 785, 789, 808, 811 and 815, were drawn—the first seven in the spring and early 
summer of the years 1903, 1904 and 1905, and the last three in August, 1905, for the 
most part in dry weather. They gave the following figures on analysis :— 





2 Parts per 100,000.| Average. atten, OF 

Ammoniacal Nitrogen - - - : ; - - (4°74 to 6°72) 5:50 (9) 
Albuminoid Nitrogen- - - - - - =. - (0°60 to 0:97) 0-76 (9) 
Total Organic Nitrogen - - - ores - - (0°95 to 2:98) 151 (6) 
Peel atrovent (5 DT 10970) 703 (7) 
“Oxygen absorbed ” at once at 27°C. (80°F.) —- - - (1:44 to 2°82) 2°20 (10) 

Aa aie in 4 hours ,, oo) eee eee (GO to 10°04) 8°31 (10) 
Dissolved Oxygen taken up in 24 hours at about 18°C. - (6:90 to 13°60) 9°55 (4) 
Chlorine - - om oF - - - - - - (6°70 to 20:90) 11°43 (8) 
Solils in Suspension - - - - - - . - (6°60 to 19:20) 14:0 (9) 
Solids by Centrifuge (vols.) - : ae - _- (26:0 to 112°0) 750 (9) 
Ratio of Solids in Suspension to Centrifuge Solids : -(1:2°7 to1:67) 1:47 (8) 
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As was to be expected, the chance samples of tank liquor varied much more in com- 
position than the hourly samples, but, excepting in the case of the chlorine and suspended 
solids, the variations were not excessive. Taken all over, the chance samples were 
weaker in nitrogenous matter than the hourly samples, but rather stronger as regarcs 
the figures for ‘oxygen absorbed ” and for suspended solids. It may be observed that 
the analysis of samples Nos. 667 and 678, which were drawn in March and May, 1904, 
showed that the suspended solids in the tank liquor were sensibly diminished after the first 
removal of sludge. The greater quantities of suspended solids in the five last samples, 
however (Nos. 785 and 789, drawn in February and March, 1905, and Nos. 808, 811 
and $15, drawn in August, 1905), and also in the hourly sets of samples (drawn in 
November, 1904), indicate that the removal of sludge from the tank has not kept pace 
with its accumulation. , 


As compared with the six sets of hourly samples of sewage. these chance samples of 
septic tank liquor show the following reduction in figures :— 


Total Nitrogen - - ; . - - - 18 per cent. 
Albuminoid Nitrogen . - : : : ee 5, 
Total Organic Nitrogen” - - - 2 ! {OB ase 
‘Oxygen absorbed” atonce — - : : 5 Bere it}ie 

me st in 4 hours - e : : ale 
Solids in Suspension - : : : : ais | ike. 
Solids by Centrifuge (vols.) - - : : emis) Beh 


Bacteriological Results——The bacteriological results are shewn in the accompanying 
table. All eleven samples yielded positive results with 1/100,000 c.c. (100,000 per c.c.) 
with the B. coli, neutral red broth, indol, lactose peptone milk and bile-salt glucose 
peptone tests. The B. enteritidis sporogenes test usually gave a positive result with 


from 1/100 to 1/1,000 c.c. (100 to 1,000 per c.c.). 


N.R.=Neutral red broth 
test. 


In. = Indol test. B. Enteritidis 


Bae cite : Ret L.P.M.=Lactose peptone sporogenes Remarks. 
milk test. test. 
B.S. =Bile-salt glucose 
peptone test. 
30941. Andover tank | 100,000 N.R.=100,000 | 1,000 nt 10,000 | “Gas” test 
liquor, 4/2/03 (+ indol) In. =100,000 +001 c.c. (24 hrs. 
(+ clot) L.P.M.=100,000 at 20° C.) 
B.S. =100,000 . 
486. Andover’ tank as N.R.=100,000 - 100 not 1,000 
liquor, 25/2/03 
‘556. Andover tank |° = N.R. =100,000 100 not 1,000 
liquor, 17/6/03 
‘678. Andover tank 100,000 N.R.=100,000 100 not 1,000 
liquor, 3/5/04 (+ indol) 
(+ clot) 
740. Andover tank 100.000 N.R. =100,000 1,000 not 10,000 
liquor, 1/11/04 (+ indol) _B.S.=100,000 
(+ clot) 
‘746. Andover tank 100,000 N.R.=100,000 100 not 1,000 
liquor, 3/11/04 (+ indol) B.S. =100,000 
(+ clot) 
785. Andover tank 100,000 N.R.=100,000 1,000 not 10,000 
liquor, 15/2/05 (+ indol) B.S. =100,000 
(+ clot) | 
789. Andover tank 100,000 N.R.=100,000 10 not 100 
liquor, 23/3/05 (- indol) B.S.=100,000 
(- clot) 
808. Andover tank oa B.S. =100,000 100 not 1,000 
liquor, 14/8/05 N.R.=100,000 
811. Andover tank — B.S. =100,000 100 not 1,000 
liquor, 16/8/05 N.R.=100,000 F 
815. Andover tank — B.S. =100,000 100 not 1,000 


liquor, 17/8/05 





N.R.=100,000 





BIL: 
| FILTERS. 

Number.—8. Size of each: 44 feet by 25 feet, approximately. 
_ Area of each.—122'2 square yards. 

Total Area.—977 7 square yards. 
_ Depth of material —4 feet. 

Cubic content of each.—163 cube yards. 
_ Lotal cubre content.—1,300 cube yards. 


Material.—Locomotive furnace clinker, broken to pass. a half-inch screen but freed 
from dust. | 


Construction.—Brick and cement throughout. 


Distribution.—Six lines of 6-inch stoneware channels laid on the top of the filtering 
material, and fed by a main distributor ranging from 9 inches to 6 inches in diameter. 


Underdraining.—The effluent is collected at the bottom of the filter by two lines of 
2-inch sgricultural pipes, laid on the filter floor. These discharge into a stoneware main 
collector, from 4 to 9 inches in diameter, which runs into a cast-iron discharge well 
containing the discharge valve. ) 


Working.—The filters are divided into two groups of four filters each, three filters in 
each vroup constituting as a rule the working set, while the remaining two filters are 
being rested. The filling and emptying are effected automatically, by means of the auto- 
matic gear constructed by the Exeter Septic Tank Syndicate. As soon as a filter is 
filled, a small quantity of filtered effluent flows from the discharge valve into its actuating 
bucket. The fall of this bucket closes the admission valve to the filter and, on its 
rising again after the proper interval has elapsed, it opens the discharge valve and 
releases the contents of the filter. The discharge of a full filter brings about the 
emptying of the actuating bucket in the next filter, and the counterweight of this then 
comes into play, closing its discharge valve and opening its admission valve. 


The gear of each set is arranged so that only one of its filters can be either filling or 
full at a given time, the other three filters being thus rested throughout the period of 
filling and standing full. The object of this is that the tank liquor may accumulate in 
the tank, and the filters fill more quickly in consequence; but, as will be seen from the 
paragraph upon the working of the septic tanks, the arrangement is by no means 
an advantage, for, to avoid an overflow of tank liquor on to the land, it would often be 
necessary to fill more than two filters at once. 


The overflow pipes from all the filters in a group are connected into a continuous ring, 
by means of a four-way cock placed at every junction. By this means a filter may be 
cut out of or brought into the working set, as desired. 


The time required to fill a bed and the length of contact have varied considerably 
_ during the life of the beds, chiefly because of their loss of capacity. During the observa- 
tions the beds have, on the average, been filled in about three-quarters of an hour and 
have been given a contact of about one hour. ‘Towards the end of the observations, owing 
to the clogged condition of the beds, and the more frequent filling of them which thus be- 
came necessary, the contact was usually not more than three-quarters of an hour. The 
average numter of fillings given to each of the beds per day during these observations 
has been 1°4, and has varied from one filling at the beginning to three fillings at the end. 


Age of beds.—The beds were first started in August, 1901. 
6225.—App. ILI. G2 
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Capacity.—The original empty tank capacity of all the filters together was 220,000 
gallons. Assuming that the filtering material, when put into the bed, occupied one 
half of the bed space, the original total water capacity would be 110,000 gallons. 


At the commencement of the observations, in February, 1903, the beds appeared to be 
in fairly good condition, but soon after they began to show signs of clogging, and from 
this time onwards constant attention and raking were necessary. On November Ist, 
1904, the capacities of all the beds were gauged, and the total filter capacity was found 
to be approximately 30,400 gallons, 2.¢., 18°8 per cent. of the original empty tank capacity 
or 27°6 per cent. of the original water capacity. Two causes seem to have brought 
about this serious loss, z.e. (1) the amount of suspended matter in the tank liquor, and 
(2) the degradation in the filtering material, this being so marked as to cause the 
surfaces of the beds to sink between three and six inches below their original level. 


Amount of Sewage treated upon the Filters—On the basis of a dry weather flow 
of 150,000 gallons per day, the amount of sewage treated by the Andover filters is 
as follows :— 


Per square yard per 24 hours - - : - 153 gallons. 
Per cube yard per 24 hours - - - - 115 gallons. 


Effluents.—Three sets of hourly samples and twelve chance samples of effluent were 
examined chemically, besides one additional sample which had passed over land. The 
three sets of hourly samples, Nos. 741, 744 and 745, were drawn at the same time as 
the hourly samples of sewage (Series 1) and septic tank liquor, and they consisted 
respectively of 28,27 and 26 discharges, z.e. of all the discharges from the whole of 
the filter beds for the day ; these were always taken at mid-flow. | 


The following figures were obtained on analysis :— 


Parts per 100,000. Average. Number of 


Estimations. 

Ammoniacal Nitrogen - - - - - - = (469 to 5:02) 4°82 (3) 
Albuminoid Nitrogen sie SO oe ye te (004 8t0 0763) 0-60 (3) 
Total Organic Nitrogen - - - + - = + (0°72 to 1°37) 1:05 (3) 
Oxidized Nitrogen’ "2"! (= 093°") (0:0 to 0:06) 0.0 (3) 
Total Nitrogn- <> - - 9 > YS orc On) 5:89 (3) 
“Oxygen absorbed ” at once at 27°C. (80°F.) - - - (0:95 to 1:19) 1:09 (3) 

a fs in 4 hours ,, do ape - - - (3°85 to 4°64) 4:26 (3) 
Dissolved Oxygen taken up in 24 hours at about 18°C. _—- (2:09 by No. 741) 
Chlorine =) = 3 ee got ee) 13:10 - (3) 
Incubator test (Scudder) - - - - - - - - - - . 
Incubator test (by smell) - - - - + + | - - : 3 failed (3) 
Smell when drawn - - - - : : 2 2 - - - 3 sewage (3) 
Smell when analysed - - - - - - - - - - . 3 sewage (3) 
Solidsin Suspension - - - - - - - = (960 to 10-00) 9°80 (3) 
Solids by Centrifuge(vols.) - - - - - - (460 to 51:0) 49-0 (3) 
Ratio of Solids in Suspension to Centrifuge Solids - -(1: 47to1:5°3) |.1:50 (3) 





* Possibly a little too high. 


It will be seen that these samples were of very uniform composition. In appearance 
they were turbid and brown, with much suspended matter of a grey to brown colour. 
They all had a sewage smell when drawn and also when analysed, contained no 
nitrate, and failed to withstand incubation. The suspended matter amounted to 98 


parts per 100,000. The effluents were thus of poor quality, but, as has been already 
stated, these were not final effluents. | 
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As compared with the hourly samples of sewage (series 1) and of septic tank liquor, 
they show the following reduction in figures :— 


Calculated on Sewage. Septic Tank Liquor. 

Total Nitrogen” - - . - ; - - - 35 per cent. 39 per cent. 
Ammoniacal Nitrogen - - - 2 - - - - bss ee pee ee 
Albuminoid Nitrogen - ‘ s “ 5 E : 49 ,, Tier eae 
Total Organic Nitrogen . : - - - : 53 ieee 40 ,, 
‘Oxygen absorbed ” at once - . - oe ls pe on 63.0; , 48 Cs, 

% MM Giahonrs fl ee yea A33h, 
Solids in Suspension - ee - - - - - 41 =, 12 es, 
Solids by Centrifuge -  - : ee a4 - at anys 43 —C,, Lika 


In addition to the hourly samples, twelve ordinary chance samples of contact bed 
effluent were examined chemically, viz. Nos. 30948., 485, 557, 609, 668, 679, 3350, 
786, 790, 809, 812 and 816, and also a further sample, No. 748, which was a sample 
of the effluent after land treatment, as finally discharged; the first nine samples 
were nearly all drawn in the spring and autumn months of 1903, 4 and 5, and 
the last three in August, 1905, two-thirds of them in dry weather. All of them were 
taken at mid-flow, excepting No. 609, which was drawn when the bed was three- 
fourths empty. 


They gave the following figures on analysis :— 


ieee Parts per 100,000. Average. Number of 


Estimations. 
Ammoniacal Nitrogen oH Tt : - - + + (2:14 to 5:19) 4:10 (9) 
Albuminoid Nitrogen - - - - - - = ~~ = (0°33 to 0°80)* 0°52 (8) 
Total Organic Nitrogen - - - - -  - ~~ = (0°71 to 1:16) 10°85 (6) 
Oxidized Nitrogen - -~— - - = + + (0:0 to 1:20) {0°43 ap. (12) 
Total Nitrogen - - - - - - + + = (4:34 to 6:20) 75°45 (6) 
“Oxygen absorbed ” at once at 27°C. (80°F.) - -  - (0°30 to 1:69) 1:08 (12) 
< . in 4 hours ,, i. - - - (2°69 to 6°50) 4:02 on (14) 
Dissolved Oxygen taken up in 24 hours at about 18°C. - (0°59 to 4:72) 2:77 ap. (7) 
Incubator test (Scudder) - - - ; - - - - - - 3 passed (3) 
Incubator test (by smell)  - - - - - - - - - - iG ee (11) 
Smell when drawn - z . 2 : : 4 - . > : {iG an } (11) 
4 200d 
Smelbswhenmanalysed) d<d) f=) Steieds +) boorpey eyecen oJ l-tede- 4 doubtful (12) 
4sewage J 
Solids in Suspension - : : - - : - - 8:30 to 12°70) 9°60 (7) 
Solids by Centrifuge (vols.)- —- ty «ra ae- «> = 14-0 to 173'0) 52°0 (11) 
Ratio of Solids in Suspension to Centrifuge Solids - (1:5:1to1:12°0) 1:74 (6) 


* Possibly too high in No. 3094s. T Possibly a little too low. t “ Ap.”= Approximately. 


In appearance these effluents were for the most part turbid and brownish, and fully 
half of them contained large quantities of suspended solids (about 7 parts on the 
whole average, and about 11 parts in the last three samples drawn in August, 1905). 
Seven out of the twelve contained practically no nitrate when they came to be 
analysed, the oxidized nitrogen in the remaining five varying between 0°73 and 1:20 
parts. Ten out of eleven were noted as having more or less of a sewage odour when 
they were drawn, and although four had a clean earthy smell and four a doubtful 
earthy smell on the day of analysis (having, no doubt, been drawing upon nitrate in 
the interval), only one— possibly—out of eleven withstood the incubator test. 
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-These chance sampies thus confirm what was said with regard to the hourly'samples 
of effluent, viz., that one contact of the rather strong septic tank liquor at Andover, 
with one to three fillings per day, and at the rate of 115 gallons per cube yard per 24 
hours, would be insufficient for proper purification, if this were regarded as a final 


process. 


As compared with the six sets of hourly samples of sewage and the three sets of 
hourly samples of septic tank liquor, the chance samples of effluent show the 


following reduction in figures :-— 








Calculated on Sewage. | Septic Tank Liq uor. 
Ammoniacal Nitrogen - . Poo - - 34 per cent. reduction 45 per cent. reduction 
Albuminoid Nitrogen ig = = = = 7 48 ” ” 47 ” ” 
“Oxygen absorbed” at once - - = - : 607%"; ¥ 43:33 3 
5 sf mn 4 hours -° - : eS -o 59 ” ” 47 ” ” 


Solids in Suspension - -. - - SA esl eb Ph approx. bas pee approx. 


*To get at the approximate reduction of the solids in suspension, these have been taken from the centrifuge 
figures at an average of 7°4 parts in all the twelve chance samples of effluent examined. 


Samples Nos. 3550, 786 and 790, which have been included in the twelve samples 
of effluent just discussed, were examined both before and after filtration through 
paper, or before and after settlement, in order to judge of the extent to which the 
suspended solids took up dissolved oxygen and oxygen from permanganate, with the 
following results :— Ne 








"No. 3550. No. 786. | No. 790. 
Original. | Filtered. | Original. eee Filtered. | Original. | pettled 
“ Oxygen absorbed ” at onte 4 UCoe 0:47 tis 088 | 058 1°45 1:48 


1 9 in4hours| 3:04 — 1:26 4°33 | 3°51 2°02 6°50 5°86 
Dissolved Oxygen taken up in 


24 hours - - 059) ©). 0-21 - | - +365 3:20 1°65 *1:39-++ | *2:05-+ 
Incubator test (by smell) - | Failed Passed Failed Failed | Doubtful | Failed Failed 
Solids in Suspension 2 4 8:40 i 8:30 “a == 9:20 6.10 


Solids by Centrifuge (vols). - | 46:0 = = — = 47-0 29:0 


* «1-89 4.” and “2-05 +” indicate that the oxygen present was exhausted and that the effluents took up 
more than 1°89 and 2:05 parts of oxygen respectively. 


In the case of the first of these effluents, No. 3550, the separation of the solids (by 
paper filtration) converted a very indifferent effluent into one of fair or good quality ; 
in the case of No. 786, a bad effluent, the complete removal of the solids almost 
allowed of the liquid withstanding incubation (the records for the settled portion of 
this sample are inadequate); in the case of No. 790, also a \bad effluent, the two 
hours’ settlement only reduced the suspended solids from 9-2 to 6'1 parts per 100,000, 
with very little general improvement in the figures of analysis. 


Again, in the settled portion of No. 786, the amount of dissolved oxygen taken up 
in 24 hours was 3:2 parts per 100,000, as against 5°1 parts taken up in five days, this 
confirming what has been found in many other instances, viz. :—that unless an effluent 
be very much diluted with pure water, it will take up oxygen at a greater rate during 
the first day than during the second, and so on. vidimedrr 286 ) 
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Bacteriological Results.—The bacteriological results are shewn in the accompanying 
table. All the 14 samples of contact bed effluent yielded positive results with. from 
‘0001 to 00001 c.c. (10,000 to 100,000 per c.c.) with the B. coli, neutral red broth, 
indol, lactose peptone milk, and bile-salt glucose peptone tests. The majority of the 
samples contained from 10 to 1,000 (usually 100) spores of B. enteritidis sporogenes 
per c.c. Sample 748, derived from the land, contained 10,000 B. coli, but only 1 spore 
of B. enteritidis sporogenes per c.e. 





N.R.=Neutral red broth 


test. 
ON , In. = Indol test. B. Enteritidis 
Pegaso ¢ mise z L.P.M.=Lactose peptone} sporogenes Remarks. 
milk test. test. 
B.S.=Bile-salt glucose 
peptone test. © 
30948. Andover effluent, 100,000 N.R.=100,000 10 not 100 Number of microbes 
4/2/03 ( —indol) In. =10,000 not 100,000 per c.c.=6 million 
(— clot) L.P.M.=100,000 (gelatine at 20° C.). 
B-S.=100,000 “Gas” test-+01 c.c. 
(24 hrs. at 20° C.). 
485. Andover effluent, = N.R.=10,000 not 100,000} 100 not 1,000 
25/2/03 
557. Andover effluent, | — = N.R. =100,000 100 not 1,000 
17/6/03 
609. Andover effluent, 100,000 N.R.=100,000 1 not 10 
28/9/03 (- indol) 
( — clot) 
668. Andover effluent, | 10,000 not 100,000) N.R. =10,000 not 100,000} 100 not 1,000 
7/3/04 ( — indol) 
(+clot) 
679. Andover effluent, 100,000 N.R. =100,000 1,000 not 10,000 
3/5/04 (-indol) 
(+-clot) 
3550. Andover effluent, | 10,000 not 100,000 N.R. =100,000 100 not 1,000 
6/10/04 (+-indol) B.S.=10,000 not 100,000 
; | Getot) 
741. Andover effluent, 100,000 N.R.=100,000 100 not 1,000 
1/11/04 | (+-indol) B.S.=100,000 
(+ clot) 
745. Andover effluent, 100,000 N.R. =100,000 100 not 1,000 
3/11/04 (— indol) B.S.=100,000 
(+ clot) 
786. Andover effluent, 100,000 N.R.=100,000 100 not 1,000 
15/2/05 (+-indol) ~ B.S.=100,000 
| (+clot) - 
790. Andover effluent, | 10,000 not 100,000 N.R.=100,000 1,000 not 10,000 
23/3/05 ( —indol) B.S. =10,000 not 100,000 
( — clot) 
748. Andover effluent | 10,000 not 100,000 N.R.=100,000 1 not 10 
after land treatment, | (+-indol) B.S. =10,000 not 100,000 
3/11/04 (+ clot) 
809. Andover effluent, — B.S. =100,000 10 not 100 
14/8/05 N.R.=100,000 
- $12. Andover effluent, eH B.S. =100,000 10 not 100 
16/8/05 N.R.=100,000 
816, Andover effluent, pe B.S. =100,000 10 not 100 


17/8/05 - N.R.=100,000 
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Washing of the Contact Bed Materrar.—After the contact beds had been in 
operation for about 4 years the beds began to show such serious signs of clogging 
that the authorities decided to commence washing the whole of the material. This 
operation was begun in August, 1906. 

It may be of interest to describe briefly the method and _ plant employed for washing. 
The plant was devised by the surveyor to the Council. It 1s inexpensive, works well, 
and appears to be well adapted to small installations where special washing machinery 
would be out of the question, owing to the initial outlay and maintenance charges. 


The plant consists of an ordinary gravel screen, hinged at one end to a support, and 
placed in a wooden box filled with water to within about 12 inches of the top, so 
that the water nearly covers the material to be washed. The dirty clinker is filled 
into the screen and the water turned on, the material being shifted backwards and 
forwards by an iron rake, while the dirty water runs off by an overflow placed 
slightly above the screen level. When the material is washed, the contents of the 
screen are tilted by means of the hinge and a counterweight into a wheelbarrow, 
the water is turned off and the silt removed from the box. The screen is then replaced, 
and afresh load of material put in. ai 

Three men are kept constantly at work, one filling and wheeling, and the other two 
raking and emptying the box. The water supply is obtained from the town mains. 

The cost of the plant was as follows :— 


Libs. Ha. 

Screen =" = : - - ° - 110 0 
Wooden box - - o = Be is - ~~ =) LOmap 
Iron piping for water supply - . - - 110-0 
Timber planking, ete. -  - - =) 10% DL LO med 
Total = -- -£6 0 0 





The time occupied in washing and replacing the material of three beds was about 
16 weeks, or an average of 5°3 weeks per bed. 


The total cost for the 3 beds was :— 
£ is. ~d. 
Initial outlay on plant — - - : - - 6 0.0 


Labour and cost of replacing rejected material 50 16 7 


Total 2 4 £56 16 7 
Each of the 8 contact heds contains 163 cubic yards of material, so that the cost 
of washing and replacing the material of the above three beds, including plant, was 
about 2s. 4d. per cube yard. 


LAND). 


The land lies on the side of the valley of the river Anton. It has an area of 
approximately 8 acres, all of which is available, and consists of a surface soil of stiff 
loam with gravel in parts, the whole overlying chalk. It is not underdrained. 


The filter effluent (and, when the overflow is in operation, the septic tank liquor 
also) is distributed over the land by means of small grips cut in the soil. In the lower 
part, where the slope just touches the flat land lying at the side of the river, but some 
little distance from it, the soil is usually rather moist, and the oozings from this find 
their way into an intercepting ditch, and are occasionally carried in this way into a 
small backwater of the river. As a rule, however, there is no water flowing along 
this channel, and the liquid entirely disappears, either laterally, by slow percolation, or, 
as is perhaps more probable, directly downwards into the chalk. Ho-core if 

One sample (No. 748) of land effluent, finding its way to the river along the inter- 
cepting ditch, was taken. For a week prior to the date on which this was drawn, the 
effluents from the contact beds had been passed continually over about 14 acres of rye 
grass. ‘I'he above sample was almost clear and practically free from solids, and although 
it contained little or no nitrate, it took up hardly any dissolved oxygen in 24 hours, and 
it also withstood the incubator test. It is more or less comparable with the hourly sets 
of effluent samples which were taken about the same time; no further argument, therefore, 
is required to show the beneficial effect produced by this subsequent land treatment of 
the contact bed effluent. 
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SUMMARY. 


The Andover sewage is a domestic one of about average strength organically, but 
with comparatively few suspended solids in it; it contains brewery refuse, but not in 
large proportion. 


The settlement effected by the tanks was not good at the time the first series of 
hourly samples were taken, as much as 11 parts of suspended solids passing away in 
the septic tank liquor. At this date—November, 1904—the tanks had been in use for 
over three years, but some sludge had been removed from them at intervals of about 
a month from February, 1904, z.e, during the nine months which preceded the sampling. 
Nor did the settlement in the tanks appear to have improved by the time the second 
series of hourly samples of sewage were drawn—in August, 1905. 


The frequent periodical removal of small quantities of sludge from septic tanks is a 
comparatively new procedure. Although we are unable to offer an opinion as to the 
actual amount of sludge in the tanks at Andover, the high figures for suspended solids 
given by the samples of tank liquor examined would indicate that the above method 
of withdrawing sludge, from the outlet end of the tank only, had not been very 
effective in this case. More satisfactory results would no doubt have been obtained if 
additional valves or other means had been provided at various parts of the tank for 
the purpose. 


If the sludge in a shallow rectangular tank is of a very liquid character, its partial 
removal from one point will result in the remainder spreading itself more or less evenly 
over the floor of the tank. But when a thick, semi-solid, layer is allowed to accumulate 
on the bottom—and this has usually been the case hitherto—equalization of the 
residue is much less likely to take place. 


At one time there was a good deal of nuisance at the Andover works from the feed 
channels to the septic tanks being open, but this was remedied by closing these in, 
and there is now no nuisance from the ordinary working of the tanks. Some 
nuisance does arise, however, from the sludging; if the weather is dry at the time, 
this only persists for a day or so, but for longer if the weather is broken. 


Treatment by septic tank and single contact of sewage of the strength of that at 
Andover is insufficient to produce an effluent that would pass a reasonable standard 
of purity, though this is in part due to the suspended solids that the effluent contains. 
The process, however, is supplemented by treatment on land at Andover. tl 

At the beginning of the observations, in February, 1908, the filter beds received 
only a little more than one filling per day, but they lost capacity so rapidly that they 
were being filled three times a day in March, 1905, ze. within a period of two years. 
In August, 1905, steps were being taken to have the filtering material washed. The 
beds have lasted, practically speaking, for four years. The shortness of their “life ” 
has been due (1) to the large quantity of suspended matter in the tank liquor (about 
10 to 11 parts per 100,000, during the above two years), and (2) to the degradation 
of the fine locomotive clinker used as the filtering material. By September, 1904, the 
level of the beds had sunk from 3 to 6 inches, and, when they were opened in the 
summer of 1905, the material was found to be much consolidated. 


The automatic gear for filling and emptying the filter beds at Andover has worked 
well and has required only occasional supervision. Without it, the whole time of two 
men would probably have been required on the works, whereas, with it, a part of one 
man’s labour is sufficient. Further, it ensures regularity of working, and, under 
normal conditions, allows of the beds being satisfactorily drained when they are run 
off. On the other hand it has the distinct disadvantages of not being able to adapt 


itself to a varying flow of sewage and of permitting only one bed in each set to be 
filled at one time. 


We are indebted to Mr. R. W. Knapp, the Borough Surveyor, for much help 
during our observations, 
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CALVERLEY 


Situation of works t - : a F 


Method of Treatment - - 2 p 


Population heb to works during obser- 
vations - = Pee Ne i z 


Water supply in gallons per head and whence 
obtained - - - - - - 


Number of W.C’s - - : ‘ . 
Sewerage system - 


Average dry weather flow in 1 Bauens per 24 
hours - - - - - - 


Gallons of sewage per head per day - - 


Character of the sewage a s ‘ 


Period of observations - A S ‘ 
Age of beds - - - . 4 : : 


Amount of storm water treated’ - a i 


Total capacity of tanks in gallons - - - 
Total area of contact beds in yards super - 


Total cubic content of contact beds in yards 
cube - - : - - - 


Nature of filtering medium - . = 


Gallons of precipitation liquor treated per yard 
super per 24 hours (all filters included) - 


Gallons of precipitation liquor treated per yard 
cube per 24 hours (all filters included) : 


The final effluent is discharged into mV 


SEWAGE WORKS. 


About a mile from the centre 
of the population. 


- Chemical precipitation, continu- 


ous fiow subsidence, and single 
contact filtration :— 


2,300 (estimated average). 


10, from the Bradford Corpora- 
tion water supply—a soft moor- 
land water. 


15. 


Combined. 


12,000. 
5:2. 


Mainly a slop water 


sewage. 


strong 


July, 1902 to July, 1904. 
7 years. 


Up to about 30 times the dry 
weather flow. 


23,500. 


391. 


391. 


Clinker, + inch to 2 inch gauge. 
30°6. 


30°6. 


The River Aire. 
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FLOW OF SEWAGE. 


The greater portion of the rain falling upon the drainage areaenters the sewers and 
flows rapidly down the steep sewer towards the works. A storm overflow, however, 
situated near the middle of this gradient, diverts a portion of the very heavy wet 
weather flows direct to the Leeds and Liverpool Canal. We understand that this over- 
flow is set so as to come imto operation when the volume reaches six times an estimated 
dry weather flow of 30,000 gallons per 24 hours.* Another small storm-overflow at 
the works diverts a further quantity of storm water into the main effluent channel, 
which discharges into the river Aire. 


The highest rate of flow in wet weather, recorded by a gauge placed between the two 
overflows, has been about 500,000 gallons per 24 hours. This flow, or a flow some- 
where near it, has been recorded during sharp showers of rain on a number of occasions ; 
each time it has occurred the flow has remained practically constant somewhat near this 
point for a short time, the inference therefore being that this flow is the 
maximum brought to the works, and that the main storm overflow diverts any- 
thing in excess of it. The storm overflow at the works comes into operation in the 
ordinary way when the flow reaches a rate of about 140,000 gallons per 24 hours ; 
but because it is situated at the side of the inlet channel and therefore allows large 
flows to pass it while it is working, and also because the rate of flow at which it comes 
into operation may be and is altered by the size of the block of precipitant laid in the 
channel, it is impossibie % make a definite statement as to the volume of liquid going 
ever it. Probably, as a rough estimate, of the maximum 500,000 gallons brought to 
the works, about a quarter might flow over the small works overflow ; on this basis 
the tanks and filters do at times deal with flows of sewage up to roughly 31 times the 
dry weather flow. 


The variations in the flow at Calverley during showery weather are extraordinary, 
no doubt, because of the rapid gradient (one in ten) of the main sewer. On quite a 
number of occasions an increase in the rate of flow, in the proportion of about 25 to 1 
within ten minutes, has been recorded ; but in regard to this itis necessary to point out 
that, unless the heavy rain continues for some time, the diminution in flow at the end of 
the shower is almost as rapid. The greatest volume of sewage actually arriving at the 
works on any one day during the three gaugings was about 55,000 gallons. 


Three separate measurements of the sewage flow have been made at Calverley ; one 
in July, 1902, another in March, 1908, and the third in July, 1904 The gauging 
ja-ted for seven days on each occasion. The measurements made in July, 1902, gave the 
dry weather flow as approximatsly 12,000 gallons per day, and those in July, 1904, 
also gave it as about 12,000 gallons, The dry weather flow may therefore be taken 
as 12,000 gallons perday, At sucha time the flow is of an even character, the variations 
in volume being in the proportion of three in the daytime to one at night. 


The highest flow during the day in dry weather was at the rate of 21,000 gallons per 
24 hours, and the lowest (which appeared to be a steady flow of subsoil water and 
water leaking from taps} at the rate of about 5,250 gallons per 24 hours. The highest 
day flow in dry weather occurs on the Monday and the Tuesday of the week, 
but there is in reality very little difference between the flows on the different 
days. 


It will be noticed that the recorded flow of 12,000 gallons per day in dry weather is 
about half what the estimated flow should be, on the basis of the water supply per 
head of the population. We are unable to account for this. 


Subsoil Water.—From the almost constant night flow at the rate of about 5,250 
gallons per 24 hours, it is fair to suppose that a considerable quantity of ground 
water, in addition to leakage from taps, finds its way into the sewers in dry weather. 





* As will be seen below, this estimate of 30,000 gallons is much too high. 
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In wet weather, or in dry weather while the ground is still wet, it is evident that a 
very large quantity of subsoil water comes to the works ; in this respect the Calverley 
flow measurements are instructive. 


Although the dry weather flow in perfectly dry weather is approximately 12,000 
gallons, it is very much greater in dry weather which has been preceded by rain. 
Thus, in March, 1903, when such conditions prevailed, the flow on a perfectly dry 
day amounted to something like 50,000 gallons for the 24 hours. 


On Diagram C. are given some illustrations of the sewage flow at Calverley. 


Crude Sewage.---Hourly samples of crude sewage from Calverley were examined on 
two separate occasions, the reason for drawing the second series being that the first 
was to a great extent affected by rain. The second series will therefore be taken as 
typical of the dry-weather flow. It consisted of the usual three sets of samples, Nos. 
3,479, 3,483 and 3,488, extending over 24 hours each, and drawn in July, 1904, in dry 
weather. The preceding week, up to Saturday, had been dry, and although on Saturday 
0:20 inch of rain fell, and on Monday (the first day of sampling) 0-02 inch, this rainfall 
did not show on the charts. The following figures were obtained :— 7 





No. 3485. 
Number Weak 
Srrins 2. Parts per 100,000. | Average. of Nicht 
Estimations. g ae ‘ 
Ammoniacal Nitrogen - : . : -. (11:00 to 13°32) 11:82 (3) 4°79 
Albuminoid Nitrogen - - Spee - (1'71 to 1°89) 1:80 (3) 0°60 
Total Organic Nitrogen eb 5 40% (205 to 3:53) 298 (3) 0:99 
Oxidized Nitrogen — - : : d : 0:0 (3) 0:0 
Total Nitrogen -° = = 5 ea eo te 14:80 (3) 5°78 
“Oxygen absorbed” at 27°C. (80° F.) at once (5°86 to 8°53) 7-42 (3) 148 
" - » in&hours (23-14 to 33:06) 29:55 (3) 6-00 
Chlorine:: <=“, ~ ah Age Soh eae SyegtiOmene 0) 15:30 (3) eee 
Solids in Suspension -  .-- © ~ =" 2) Wis40o 44-40) 3190 | (3) 230 
Solids by Centrifuge (vols.) - : - - (1190 to 265°0) 193°0 (3) 240 
Ratio of Solids in Suspension to Centrifuge 
Solids ce SS Se tak bY, SOSA e RNR aie (1:63 to1:91)) 1:73 (3) 1:83 





It requires but a glance at the foregoing figures to see that the Calverley dry- 
weather sewage is an exceedingly strong one in every respect, excepting as regards 
suspended solids, which in the above samples were in a very finely divided condition. 
All three sets of samples had a very sour sewage smell on the day of analysis. The 
sample of weak night sewage, No. 3485, drawn on July 6th, 1904, at 6.30 a.m., was 
unusually strong. It would appear to have been drawn too late to represent the 
weakest sewage of the 24 hours. | 


The results of the analysis of the first series of hourly samples, Nos. 3,000, 3,004, 
3,008 and 3,010, drawn in July, 1902, may also be given, but it will be seen that these 
samples differ widely among themselves. The four sets of this series extended over a 
week, 7.¢., over 48, 24, 48 and 48 hours respectively. The first two were much affected 
by rain, but the last two were drawn in dry weather. No. 3010 included the sewage 
of Monday, washing day. Alongside are given the figures of analysis of a sample of 


Diagram C. 


RY. DAY. 
INFALL NIL. 


RY DAY» 
WFALL Nil. 


‘7 Day. 
, O46 incH, 


ay Day, 


WE ABOVE WET DAY. 


OO OB INCH. : 


IN FIRST HOUR.) 


vINTER) DAY, 
WET WEATHER. 


FALL NIL. 
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DIAGRAMS SHOWING FLOW OF SEWAGE AT CALVERLEY 


AS FALLING OVER A Weir I|2’ wiDeE. 
Note:- Over'a Weir 12" wide -25 ofan inch = arate of 5,210 gallons per 24 hours. 
5 ” »” > 
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storm overflow discharge, No. 3,881, taken after the overflow had been working for 
24 hours, although not much liquid was then passing over it. The following figures 
were obtained :— 











No. 3,381. 
SERIES 1. Parts per 100,000. Average. 2 apn ou ee 
charge. 
Ammoniacal Nitrogen - - - + (5°12 approx. to 11:17) 8:32 (4) >. 150 
Albuminoid Nitrogen - B - - : (0°89 to 2°61 2) 1:50 (4) 0:51 
Total Organic Nitrogen - : ae 2 (1:68 to 3-22) 2:33 (3) pile 
Gotied Nite) OC 00 (4) 0:06 
Total Nitrogen - - : : ; (7'76 to 14:01) 10°73 (4) 
“Oxygen absorbed ” at 27° C. (80° F.) at once (2°16 to 8:02) 4°15 (4) 420 
i _ |, », m4 hours (10°53 to 23°58) 15:94 (4) erie 
Chlorine - = : 2 - - (6°82 to 15°70) 11°51 (4) 
Solids in suspension - . - - - (24:20 to 97:10) 49°50 (4) 13-0 
Solids by Centrifuge (vols.)- —- - - (73:0 to 426°0) 232:0 (4) 101:0 
Ratio of Solids in a to pecs titee | 
Solids - - ; - > (2 3°0 tol 36:2) 1: 45 (4) V78 
“Cellulose” (by alkali, acid and ether) - (2:92 to 8:96) 5:87 (3) 
Ratio of “ Cellulose ” to Solids in Suspension (1: 8°4to1:10°9) 1: 95 (3) 
Incubator test (by smell) - - - - | Failed. 





The two last sets of this series approximated in strength to the three sets of Series 2. 
Taking the figures all over, it is seen that the effect of rainfall at Calverley is very 
marked, and that the storm overflow at the works may continue to discharge a polluting 
liquid for long periods at a time. 


_ Bacteriological Results—The bacteriological results are shown in the accompanying 

table. All the samples of sewage yielded positive results with ‘00001 c.c. (100,000 
per c.c.) with the B. coli, neutral red broth, lactose peptone milk, indol and bile-salt 
glucose peptone tests. The B. enteritidis sporogenes test yielded results hi ete 
from 1 to 1,000 spores per cubic centimetre. 


N. R.=Neutral red broth 
test. 
Te eee B. Enteritidis Mel Slt 
Description of Sample. B. Coli test.  |L.P.M. = Lactose peptone Spor Be etch Remarks. 
milk test. ie 
B.S. = Bile-salt glucose 
peptone test. 

3000. Calverley Crude — L.P.M. =100,000 100 not 1,000 

Sewage, 10/7/02. B.S. =100,000 
3004. Calverley Crude -— —— 10 not 100 

Sewage, 11/7/02. 
3010. Calverley Crude 100,000 N.R.=100,000 10 not 100 gas” test +0001 

Sewage, 15/7/02. ( - indol) In. =100,000 c.c. (24 hours at 

(+clot) L.P.M.=100,000 20°C.) 
BS. = 100,000 4 
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N.R.=Neutral red broth 
test. 
In. =Indol test. B. Enteritidi 
Description of Sample.| _B. Coli test. | L.P.M. Lactose peptone Spo aces nae Remarks. 
milk test. 
B.S.=Bile-salt glucose 
peptone test. 
3381. Calverley Storm 100,000 N.R.=100,000 1 not 10 
Sewage, 9/2/04. ( — indol) 
(+-elot) 
3483. Calverley Crude 100,000 N.R.=100,000 1,000 not 10,000 
Sewage, 6/7/04. (+Lindol) In. =100,000 
(+ clot) L.P.M.=100,000 
BS. =100,000 
3485. Calverley Crude 100,000 N.R. =100,000 1 not 10 
Sewage, 6/7/04. ( - indol) In. =100,000 
(+clot) L.P.M. =100,000 
B.S. =100,000 
3488. Calverley Crude 100,000 N.R.=100,000 100 not 1,000 
Sewage, 7/7/04. ( — indol) In. = 100,000 
(+ clot) L.P.M.=100,000 
B.S. =100,000 





A 


PRECIPITATION TANKS. 


Number - - : - nya 
Size of each - - 50 feet by 12 feet. 
Working depth - 3 feet 2 inches. 
Total capacity = - - - - 23,500 gallons. 


Construction —- . - Rectangular tanks constructed 
of brick and cement, with a 
concrete bottom, and contain- 
ing one submerged wall in 
each tank near the outlet end. 





The Precipitant.—The precipitant used is alumino-ferric.. It is put into the sewage 
channel in the form of blocks. The average amount used per week during the whole 
of the observations was about 210 lbs., equivalent to about 17°5 grains per gallon on 
-the dry weather flow. 


Working.—Having received the precipitant, the sewage is allowed to flow through 
the tanks, which are used in series. It issues from the second tank over a long sill, 
which is protected by a scum board. 


Flow Through.—With the dry weather flow of 12,000 gallons, the flow through would 
be once in 47 hours, at the rate of -21 inch per minute. During the time of a maximum 
“flow of about 500,000 gallons per 24 hours, the flow through would be once in 1:1 hours, 
- at the rate of 9:0 inches per minute. 


Sludging.—The time at which it becomes necessary to clean out the precipitation 
tanks naturally depends upon the weather and the temperature. During the obser- 
vations it averaged once a month for the first tank and about once in two months for 
the second tank. | Bes 


The cleaning is done as follows :—After first diverting the whole flow of sewage 
into the other tank, the supernatant liquid in the tank to be cleaned out is drawn off 
by means of floating arms, and the sludge is then allowed to run through the sludge 
valve into the sludge tanks situated at the side of the precipitation tanks. A small 
portion of the sludge lying near the inlet of the first tank is sometimes too solid and 
gritty to flow through the sludge valve, and this has to be removed by hand ; but the 
bulk ee and also the whole of the sludge in the second tank is liquid enough to flow 
naturally, pe 
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There are three sludge tanks or lagoons ; one constructed of brick and concrete and 
two by a simple excavation. The bottoms of these are covered with about twelve 
inches of ashes, and they are drained by means of agricultural pipes laid underneat 
the ashes. The drainings flow to the effluent channel. 


The sludge from the lagoons, when sufficiently dry, is taken by a neighbouring 
darmer and used as a top dressing for grass land. He is allowed to take it free of 
charge. 


Precipitation Liquor.—Seven sets of hourly samples and two chance samples of 
precipitation liquor were examined chemically. For the reasons given when 
dealing with the crude sewage, the second series of hourly samples, Nos. 3480, 
3484 and 3489, drawn in July, 1904, must be taken as the typical series. They were, 
of course, drawn under the same conditions as the second series of hourly samples of 
crude sewage ; but the length of stay in the precipitation tanks being 47 hours, they 
do not actually correspond with the latter, but represent approximately the sewage 
of two days before. 


They gave the following figures on analysis :— 











SERIES 2. Parts per 100,000. | Average. ane 
Ammoniacal Nitrogen - - - - - - = (7:40 to 11:18) 9°64 (3) 
AibaeeidMitrogePh 2 ee. s aS ret) otiee (1-01-t0.1-18) 1i1 (3) 
Total Organic Nitrogen - - = = - - -  (159'to 2-47) 2-05 (3) 
Total Nitrogen ees) = bet Gent-- =") (9:60:ted3:50) 11:66 (3) 

“ Oxygen absorbed” at 27°C. (80°F) at one - - = ~—« (2-14 to 461) 351 (3) 

. _ z »  ma4hours - - (720 to 1653) 11:94 (3) 
Chlorine - 20 ROMEGS Goma OE) e206 Y= t=) (17-19 to: 14:46) 12°49 (3) 
Solids in Suspension np wee - 5 ali - - (880 to 17°80) 11:80 (3) 
Solids by Centrifuge (vols.) - - - - - - (400 to 52:0) 477 (3) 


Ratio of Solids in Suspension to Centrifuge Solids - (1:58, 2°8 and 45) 1: 44 (3) 


These samples were very soapy and had a strong septic tank smell when drawn, 
and a very offensive smell when they came to be analysed. They still contained 12 
parts per 100,000 of suspended solids, showing that the settlement in the precipitation 
tanks at Calverley is indifferent. In the second day’s sample, No. 3484, five-sixths of 
these suspended solids consisted of organic matter. 


If the respective figures for ammoniacal nitrogen be taken as an index, it will be 
seen that these hourly samples of precipitation liquor correspond fairly well with the 
second series of hourly samples of crude sewage. Subject to this, comparing the two 
together, we get the following reduction figures :— 








Calculated on :— Reduction. 

Albuminoid Nitrogen - - - - - = ee - : - | 38 per cent. 
Total Organic Nitrogen - - ; - - - - - : - a Shit ;, 
Gleveen. ADSOLDOd | ONCE nie om i Spey t ehh itete tin Ff) a i? sbtinal ee 
? F. ti Aco e a ~The Ce 60 " 
Solids in suspension —- ce ee fren -- - - ee | Gone; 
Solids by centrifuge (vols.) - - -. - . - - - - ibe Te Ce na 
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i P figures for the hourly samples of Precipitation Liquor of Series 1, 
“Nos, 3001, 3005, “3009 and 3011, may also be given here, though, for the reasons 
already stated, they cannot be taken as typical. It will be seen that on the average 


they are distinctly weaker than the samples of Series 2. 


a 


Serres 1. Parts per 100,000. | Average. Todas 
re aR 
AwidsoniaealNitrogensie Gite ke So2ton -e ee OMe toR ee 6°36 (4) 
Albuminoid Nitrogen’ =. -*" = — -. -5, = GoaeeiOS6oto US7) 0:80* (4) 
Total Organic Nitrogen - - - - - - (1:05 to 2°07) 1:66 (4) 
Total.Nitrogen. - - >  - > 0. 2) \geee a Gomuieian dg) 8:05 (4) 
«“ Oxygen absorbed ” at 27°C. (80°F.) at once -  - - (1°02 to 2-44) 1:95 (4). 

03 03 > » m4&hours - - (365 to 9:27) 6°86 (4) 
Chlorine “Buty e =) Sigh GIN ee oye Zainal 0 Oma eee 9:59 (4) 
+Solids-in-Suspensions—----<- — =.=. - a OOo) (4) 
Solids by Centrifuge (vols.) - - 2 “ : - (52:0 to 80:0) 65°8 (4) 
Ratio of Solids in Suspension to Centrifuge Solids - (1:1°8to 1:75) 1:47 (4) 
‘Cellulose” (by alkali, acid and ether) - - - - (1:04 to 2°76) 1:96 (4) 
Ratio of “Cellulose” to Solids in Suspension - - (1: 63 to1:106) Le O'9 (4) 





Chance Samples.—In addition to the hourly sets, two chance samples of precipitation 
liquor were examined. The first of these, No. 8089, drawn in November, 1902, at 
4°55 p.m., in dry weather, was only about half the.average strength ; while No. 3085, 
drawn in January, 1903, at 4:20 p.m., during a rapid thaw following heavy snow on 
the previous night, was exceedingly dilute. It had only a slight sewage smell on the 
morning of analysis, which disappeared in a few minutes, and the liquid, after 
filtration through paper, was almost clear. It gave the following figures, among 
others :— 


Albuminoid Nitrogen - ~~ - 4) ORT) 29/0. AGE 12S 0th: See 
Total Nitrogen 2° ~ “- "M2 EAE RS 
“Oxygen absorbed” at 27° C. (80° F.) en 4 hours - - - - - 3:13 
Solids in suspension —- - - - - - - : - “ow 

Incubator Test (by smell) — - - - : - : : : - Failed 


The foregoing results are sufficient to show that the Calverley filters have to treat 
on the average a very strong and poorly settled precipitation liquor, which, however, 
1s subject to great variations in strength. 


Bacteriological results—The bacteriological results are shown in the accompanying 
table. All the samples of precipitation liquor yielded positive results with -00001 c.c. 
(100,000 per ¢.c.) with the B. Coli, neutral red broth, lactose peptone milk, indol, and 
bile-salt glucose peptone tests. The B. enteritidis sporogenes test yielded variable results, 
but most of the samples gave positive results with from ‘1 to ‘01 c.c. (10 to 100 per c.c.). 





* Possibly a little too high. 
t The Suspended Solids in Nos. 3005 and 3009 were largely inorganic. 


Description of 
Sample. 


3001. Calverley precipi- 
tation liquor. 


10/7/02. 


3005. Calverley precipi- 
tation liquor. 


11/7/02. 


3009. Calverley precipi- 
tation liquor. 


13/7/02. 


3011. Calverley precipi- 
tation liquor. 


15/7/02. 


3039. Calverley precipi- 
tation liquor. 


3/11/02. 


3484. Calverley precipi- 
tation liquor. 


6/7/04. 


3489. Calverley precipi- 


tation liquor. 


7/7/04. 


Number 


Size of each 5 2 a 
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N.R. =Neutral red broth 
test. 
In. =Indol test. 


B. Enteritidis 


B, Coli. test. | L P.M.=Lactose peptone sporogenes Remarks. 
milk test. test. 
B.S. =Bile salt glucose 
peptone test. 
—_— | L.P.M.=100,000 10 not 100 
B.S. =100,000 
— _ 10 not 100 
100,000 N.R.=100,000 10 not 100 “Gas” test-+-0001 
(+ indol) In. =100,000 cc. (24 hrs. at. 
(+ clot) L.P.M.=100,000 20° C.) 
B.S. =100,000 
100,000 N.R. =100,000 Negative #3, ¢.c. 
(- indol) In. =100,000 
(+- clot) L.P.M.=100,000 
B.S. =100,000 
-- B.S. =100,000 100 not 1,000 | Number of microbes: 
= 6,500,000(agar 
at 37° C.) 
100,000 N.R.=100,000 100 not 1,000 
(+ indol) In. =100,000 
(+ clot) L.P.M. =100,000 
B.S. =100,000 
100,000 N.R.=100,000 10 
(- indol) In. =100,000 
(+ clot) L.P.M. =100,000 
B.S. =100,000 
FILTERS. 
s 2 . E 25928} 


inches ; 


No. 1, 27 feet by 87 feet 6 


No. 2, 33 feet 4 
inches by 37 feet 6 inches; 
No. 3, 34 feet by 37 feet 6 


Depth of Material 


Material - “ 


Total area - 


Total cubic content 


Construction : 


Distribution a 


(225,—App. IIL. 


inches. 
3 feet. 


Boiler clinker, graded as follows : 


Top 6 inches,’ } inch diameter ; 
9 inches, 2 inch diameter ; 
9 inches, 4 inch diameter ; 
12 inches, 2 inches diameter. 


391 square yards. 
391 cube yards. 


There are no walls to the beds ; 
they are constructed by simple 
excavation in the clayey soil. 


One trough down the centre of 
each bed. 


at 
ek 3} 


§6 


Underdraining.—Fach bed is underdrained by means of two rows of three-inch 
agricultural pipes, running from corner to corner of the bed, and one main drain 
connecting with these where they cross at the centre, the effluent being thus carried 
to the outlet valve. The ends of the cross drains are brought up to the surface.. 


Working.—The method of working the beds during the observations has been as 
follows :—-Between seven and eight in the morning the precipitation liquor is turned 
into one of the outside beds. In dry. weather it fills this bed by the afternoon and then 
overflows into the second bed, so as to fill the latter during the evening and night. 
Both beds are run off next morning, and the precipitation liquor is then turned into 
the other outside bed in the same way, the night sewage again filling the middle bed. 
In this way each of the outside beds receives one filling of day precipitation liquor 
every other day, and the night bed one filling of night precipitation liquor every night. 
In times of wet weather, when the volume of liquid is sufficient to fill more than two 
beds in the day, the liquor flows over the surface of both the full beds and streams 
down through the third, the valve of which is left wide open. } 


This method of working only involves the attendance of a man once a day, to renew 
the precipitant and let off the two beds, and it has therefore the advantage of being 
economical; but, on the other hand, it involves a very long and varying period of 
contact. 


Capacity.—The original empty tank capacity of the three beds was 65,981 gallons. 
The original water capacity, assuming that the material placed in the beds would occupy 
half the space in the tanks, was therefore 32,990 gallons. The first measurements 
of capacity were made in July, 1902, and the actual total water capacity at this time, 
obtained by gaugings made upon all three beds, was found to be 18,050 gallons. 
After six years working, therefore, at an estimated average rate of °56 filling for each 
bed per day, the capacity was 19°7 per cent of the original empty tank capacity and 
39°5 per cent of the original water capacity. 


In March, 1903, after working for a further nine months at an average of °55 filling 
per day, the total bed capacity of the works was found to be 15,320 gallons, 7.¢., there 
had apparently been an increase in water capacity. This increase, however, was 
fictitious, being due to a leakage from one of the beds; the capacities of the other 
beds were practically the same as at the first measurement. The real capacity of 
all three filters may therefore be taken to have been virtually the same on this 
occasion as it was in July, 1902. : 


The third and last measurement of capacity was made in July, 1904. Between this 
and the previous gauging in March, 1908, the beds had received on an average ‘57 filling 
per day. The measurement gave a total water capacity of 12,090 gallons, equal to 
18°2 per cent. of the original empty tank capacity, or 36°4 per cent. of the original 
water capacity. 


At Calverley, therefore, after ten years’ use at a slow rate of filling, and with only 
one renewal of the surface of the material in 1901, the beds were still in good working 
order, retaining about 36,per cent. of their real water capacity, or 18 per cent. of the 
tank capacity. 


Amount of precipitation liquor treated by the Beds.—On the basis of the dry 
weather flow of 12,000 gallons per day, the filters treat the following amount of 
precipitation liquor :— | 


Per square yard per 24 hours - : : -  30°6 gallons. 

Per cube yard per 24 hours. - : ewes -  30°6 gallons. 
Owing to the admittance of surface water to the system, the average flow at 
Calverley is probably considerably more than 12,000 gallons per day; it might even 


be double as much. In that case, the amounts treated per square or per cube yard 
would of course be twice as much as are given above. 
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Efiuents.—Sixteen samples were examined chemically. One of them was a “ first 
flush ” and two others were “streaming ” effluents, and these will therefore be referred 
to later. The numbers of the other thirteen were 3040, 3099, 3100, 3132, 3133, 3360, 
3361, 3379, 3481, 3482, 3486, 3487 and 3490. The first eight of these were drawn 
during the winters of 1902-3 and 1903-4, five in dry weather and the other three when 
the flow was affected by rain; the last five of the thirteen samples were drawn in. 
July, 1904, in dry or practically dry weather. Excepting No. 3,040, which was taken 
from a bed when practically empty, all the others were drawn at or about mid-flow. 


They gave the following results on analysis :— 














eres a Parts per 100,000. Average. - peer ol 
Ammoniacal Nitrogen - - --° - -  -  - ~~ (0:38 to 5:08) 2°67 (10) 
Albuminoid Nitrogen* ieee a eee (O08 1G O77 eon (10) 
Total Organic Nitrogen -- -- - -. - 2 gee (0°19 to 1:29) 0°68 (6) 
Oxidized Nitrogen - : - os - : : - (0:00 to 1:19) 0:33 (13) 
Total Nitrogen - - - is - - - : (0°99 to 6:30) 4:37 (9) 
“ Oxygen absorbed” at 27° C. (80° F.) at once - : (0°11 to 1°84) 0:92 (13)) 
an, , OB »» » m4&hours— - : (0°81 to 6°86) 3:57 (13) 
Dissolved Oxygen.taken up in 24 hours at-about 18°C. - (0:23 to over 2:20) | 1:14 approx. (7) 
Sulormetirea Siisind- Silk GF 80 | SEOu> - (382 to 13-52) 8-99.52 (12): 
Incubator Test (Scudder) - . - - - : - : - - ‘ a (8): 
Incubator Test (by smell) - : - { j posse | (13). 
3 good 
Smell when drawn - : AES . - - ; | 7 doubtful (13) 
3 bad 
10 good or 
Smell when analysed - : | 2 see (13) 
1 bad 
Solids in suspension - . - . : . - (5:28 to 13:90) 8:79 (4) 
Solids by centrifuge (vols.) St hen fia : : - (10-4 to 241-0) 85°8 (12) 
Ratio of solids in suspension to centrifuge solids- —- 1:35t01:119) 1:104 (4) 
c.c. per litre ie 
Oxygen in solution - : SP wR - A 2 : (0:0 to 1:4) 0-3 (7) 


The foregoing thirteen samples of effluent may be divided roughly into effluents: 
from stronger and from weaker sewage, the former predominating; those drawn in 
July, 1904, were all strong. In appearance they varied between an almost colourless 
and slightly opalescent liquid containing a small amount of deposit (No. 3183) and 
brownish turbid liquids with much finely divided matter in suspension, the latter being 
in greater number. Only one of the stronger samples withstood incubation (these, 
however, contained much suspended matter), while three of the weaker ones did; and 
in only two cases out of seven was the figure for absorption of dissolved oxygen low, 
those two representing weak effluents. 


The somewhat irregular mode in Which the filters at Calverley are worked makes it. 
difficult to differentiate at all sharply between the effluents from day and from 
night sewage, the two being more or less mixed up. If they could be sharply divided 
from one another, the night effluent would naturally be the better, as coming from the 
weaker sewage. 


The very long period of contact given at Calverley (in those thirteen samples 
this varied roughly between 6 and 24 hours) does not of course conduce to the ultimate 
accumulation of nitrate in the effluents, only three of the samples containing over 0-4 


* Possibly ‘rather high in Nos. 3482 and 3487, 
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part nitric nitrogen on the day of analysis, while seven of them contained none or 
practically none. At the same time it should be noted that ten out of the thirteen 
samples had an inoffensive smell when they came to be analysed, so these probably 
had some nitrate to fall back upon between the times of drawing and of analysis. 
The long contact, however, apparently helps to break down the suspended solids and 
to allow of their passing out of the beds in very considerable quantity. Were the 
Calverley effluents settled before being run into the stream, they would be very greatly 
improved. 


Comparing these effluents with the second series of hourly samples of crude sewage 
and of precipitation liquor, we get the following reductions in figures :— 








Reduction Reduction 
on on 
Crude Sewage. Precipition Liquor. 

Total Nitrogen ~-OFG SNS OPS ee 70 per cent. 62 per cent. 
Albuminoid Nitrogen - eA RENE - - 81 : 68 A 
«Oxygen absorbed” at once - : . - - - - 88 ns 74 y 
ry) 9 am 4 hours = be) = ea z A 88 ” 70 99 
Solids by centrifuge (vols.) —- - - : - - 56 a +80 = 


This comparison is, however, a very loose one, for the chlorine figures are 
respectively :— 


Sewage - - - - - che = - - - 15:3 
Precipitation Liquor — - - - - - - ; 11:0 
Effluent -j ace TRE =r (et the <2 eee 90 


The solids, as measured by the centrifuge, give an zncreased figure in the effluent, as 
compared with the precipitation liquor, but in the former they were twice as flocculent 
as in the latter. 


A few words may be added with regard to the remaining three samples of effluent :— 


No. 3181 represents the first flush from the emptying of a bed treating night sewage 
in dry weather, in March, 1903. This effluent was evidently from a weak sewage. 
It had a sewage smell when drawn and a clean smell when analysed, but it contained 
no nitrate and failed to withstand incubation; the suspended solids, as judged by the 
centrifuge, were about 4 parts per 100,000. 


Streaming Efiuents:—Nos. 30854 and 3380 represent ‘‘ streaming” effluents, drawn 
during cold wet weather, when the beds were treating very dilute precipitation 
liquor. Some of the figures of analysis: for these may be given here :— 





No. 30854 











No. 3380 
Parts per 100,000. Ms re ra (streaming for 
LS aRe 214 hours) 
5 to 6 hours). 
Oxidized Nitrogen - = = =) 2) 0-41 0-75 
Total Nitrogen « ie ee an tT ee = - | 1:84 1:34 
“Oxygen absorbed’ at 27°C. (80°F.) at once : - : 0-26 — 0:19 
» . . * Ms in 4 hours - - : 1:93 1:53 
Dissolved Oxygen taken up in 24 hours at about 18°C 3 - Ss; ~C 0:35 * 0:37 
Incubator test (bysmell) - -  - ia - Passed ~ Passed 
Solids by centrifuge (vols.) __- - - - - . - | 16:0 180 
c.c. per litre 
Oxygen in solution - = : : 2 Ste rane tetera nserver sae i aeaneatc eet 43 





* At laboratory winter temperature. 
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Those two effluents were thus of very fair quality, but it will of course be borne in 
mind that they resulted from the treatment of very dilute precipitation liquor—so 
dilute as to allow of this streaming process being successful. 


Bacteriological Notes.—The bacteriological results are shown in the accompanying 
table. The B. coli results varied from 100 to 100,000 perc.c. Two samples contained 
100, four samples 1,000, four samples 10,000 and three samples 100,000 per cc. The 
neutral red broth, indol, lactose peptone milk, and bile-salt glucose peptone tests 
yielded somewhat parallel results. As regards the B. enteritidis sporogenes test, 
nine samples contained less than 10, nine samples less than 100, and only one sample 
contained 100 spores of this anaerobe per c.c. One sample yielded a negative result 
with 1 c.c. It appears, however, from the chemical results that some, at all events, of 
the better effluents were derived from the treatment of dilute precipitation liquor. 


N.R.= Neutral red broth 
test. 

In. =Indol test. 

L.P.M. = Lactose peptone 


B. Enteritidis 


Description of Sporogenes 


_B. Coli test. 


Remarks. 





Se milk test. test. 
B.S.=Bile-salt glucose 
peptone test. 
3002. Calverley efflu- af L.P.M.=10000not 100000} 10 not 100 
ent, 10/7/02. B.S. =100,000 
3003. Calverley efflu- L.P.M. =100,000 1 not 10 
ent, 10/7/02. B.S. =100,000 
3006. Calverley efflu- — — 10 not 100 
ent, 11/7/02. 
3007. Calverley efflu- — _ 1 not 10 
ent, 11/7/02. 
3012. Calverley efflu- 100,000 N.R. =100,000 1 not 10 
ent, 15/7/02. (—indol) In. =100,000 
( — clot) L.P.M.=100,000 
B.S. =100,000 
3013. Calverley efflu- 100,000 N.R. =100,000 1 not 10 “Gas” test + ‘001 c.c. 
ent, 15/7/02. (+ indol) In.  =100,000 (24 hours at 20°C.) 
(+ clot) L.P.M. =100,000 
BS. =100,000 
3040. Calverley efflu- ee B.S. =100,000 10 not 100 3,120,000 microbes per 
ent, 3/11/02. c.c. (agar at 37°C.) 
3085s. Calverley efflu- | 1,000 not 10,000 | N.R.=1,000 not 10,000 10 not 100 “Gas” test + 1 ce. 
ent  (‘“ streaming” (+ indol) In.=10,000 not 100,000 (24 hours at 20°C.) ; 
effluent), 9/1/03. (+ clot) L.P.M.=1,000 not 10,000 50,000 microbes per 
B.S.=100 not 1,000 cc. (agar at 37°C.) 
3099. Calverley efflu- viet N.R.=100,000 10 not 100 
ent, 12/2/03. 
3100. Calverley efflu- a N.R.=100,000 100 not 1,000 
ent, 12/2/03. . 
3131. Calverley efflu- |10,000 not 100,000} N.R.=1,000 not 10,000 1 not 10 
ent, 26/3/03. (+ indol) In. =10,000 not 100,000 
(+ clot) 
3132. Calverley efflu- |10,000 not 100,000} N.R.=1,000 not 10,000 10 not 100 
ent, 26/3/03. ( — indol) In. =10,000 not 100,000 
( - clot) 
3133. Calverley efflu-| 1,000 not 10,000 |N.R.=10,000 not 100,000 10 not 100 
ent, 26/3/03. ( -indol) In.=10,000 not 100,000 





(+ clot) 
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N.R.=Neutral red broth 
test. 


ie In. =Indol test. B. Enteritidis 
Description of B. coli test L.P.M.=Lactose peptone} Sporogenes Remarks. 
Sample. milk test: test. 


B.S. =Bile-salt glucose 
peptone test. 





3360. Calverley efflu- | 1,000 not 10,000 | N.R.=1,000 not 10,000 1 not 10 
ent, 20/1/04. (+ indol) 
(+ clot) 

3361. Calverley efflu-| 100 not 1,000 N.R.=100 not 1,000 1 not 10 
ent, 20/1/04. (+ indol) 
(+ clot) 


3379. Calverley efflu-| 100 not 1,000 N.R.=100 not 1,000 Negative 1 c.c. 
ent, 9/2/04. (+ indol) 


(+ clot) 
3380. Calverley efflu- | 1,000 not 10,000 | N.R.=1,000 not 10,000 1 not 10 
ent, 9/2/04 (‘ stream- (— indol) 
ing” effluent) (+ clot) 
3486. Calverley efflu- 10,000 not 100,000 N.R. =100,000 10 not 100 
ent, 6/7/04. (+ indol) In. =10,000 not 100,000 
(+ clot) L.P.M.=100,000 
B.S. =10,000 not 100,000 
3490. Calverley efflu- [10,000 not 100,000} - N.R.=100,000 10 not 100 
ent, 7/7/04. ( — indol) In. =10,000 not 100,000 
( — clot) L.P.M. =100,000 
B.S. =10,000 not 100,000 
3490z. Calverley efflu- 100,000 N.R. =100,000 1 not 10 
ent, 7/7/04. ( —indol) In. =100,000 
(++ clot) L.P.M. =100,000 
B.S. =100,000 


Effect of Temperature on the working of the beds\—The observations upon tempera- 
ture at Calverley have included two sets of measurements taken over two separate 
weeks, one in 1902 and the other in 1904, and also isolated temperature measurements 
made during visits to the works. ) | 


The conclusion to be drawn from these observations is that the effluent follows the 
temperature of the sewage and not that of the atmosphere, and that therefore the 
working of the beds is not, in ordinary weather at any rate, affected by the latter. 
Owing to arapid thaw ofsnow on one occasion when samples were drawn, the sewage 
arriving at the works had a temperature as low as 4°C., that of the effluent being 
5 C.; and on another occasion, as the result, of heavy rain in wet weather, the tempera- 
ture of the sewage was 5°5° C., and the temperature of the effluent 45°C. On both 
occasions, however, any effect which might reasonably have been put down to the low 
temperature of the liquid was counterbalanced by the dilute character of the precipita- 
tion liquor to be treated, both the filter effluents being, if anything, better than usual. 


SUMMARY. 


The Calverley dry weather sewage is exceedingly strong, excepting as regards 
suspended solids, which are moderate in amount. Owing, however, to the steep 
gradient of the main outfall sewer, the fluctuations, both in volume and strength, 
are quite exceptional. Thus, although the storm overflow is set to come into operation 
when the flow reaches a rate of about 180,000 gallons (7.¢., six times a supposed dry 
weather flow of 30,000 gallons), rates of flow equal to 350,000 to 400,000 gallons 
per 24 hours have actually been observed to be treated on the filters for a short time ; 
on the other hand, the largest observed volume treated in 24 hours has been 55,000 
gallons. These figures are further instructive as showing that relatively larger 
Increases in volume can be dealt with at small works, without serious difficulty, 
than would be possible in the case of large works. 


71 


Although the method of precipitation at Calverley is cheap, the precipitation 
itself is not very effective, as much as 12 parts of suspended solids per 100,000 
being left in the average dry weather samples of precipitation liquor. The main 
cause of this high figure is that the first’ tank is allowed to run for one month 
without being cleaned and the second for two months, so that they almost become 
septic tanks. Like the sewage, the precipitation liquor is of course subject to great 
variations in strength. 


The inexpensive construction of the beds, by simple excavation in the clay soil 
has answered well at Calverley, only one serious leak having occurred during 
the time of our observations, and this was easily put right. The method of 
working the filter beds is, like the method of precipitation, very economical as regards 
labour, but it involves long and irregular periods of contact. 


Probably in no case would it be practicable to produce, by single contact, a satisfactory 
effluent from a sewage so strong as that at Calverley. But that the long contact 
given there (one filling in 48 hours during dry weather) does effect a very marked 
purification is proved by the fact that ten out of thirteen samples of effluent had an 
inoffensive smell when they came to be analysed. Further, the method of working 
results in the washing out of large quantities of suspended solids from the filter beds, 
possibly because of “septic” action taking place in these to some extent. Still, the 
effluent per se, could not be considered satisfactory as a final effluent, containing as it 
does too much suspended matter and being in most cases putrescible upon incubation. 


The bacteriological results would almost seem to indicate that prolonged contact may 
decrease the number of intestinal microbes more than short contact; thus, while the 
samples of precipitation liquor examined always contained 100,000 B. coli per cc., 
some of the samples of effluent gave only 100 to 1,000 per c.c. At the same time, the 
chemical results point to the fact of the bacteriologically good effluents being derived 
from the treatment of dilute precipitation liquor. But, whatever the explanation, 
some of the Calverley effluents were, for a single contact process, remarkably good 
bacteriologically. 


The good results, both chemical and bacteriological, given by the two samples of 
effluent which resulted from the “streaming” of very dilute precipitation liquor are 
worthy of note. Though the distribution during this streaming was not very good, only 
about one quarter of the filter being ponded, it was sufficiently so to produce a 
satisfactory effluent in the cases mentioned. 


When the precipitation tanks are emptied of sludge, there is some nuisance from 
‘smell, but, once transferred to the lagoons, the sludge dries quickly, without giving 
rise to further inconvenience. With this exception, the works at Calverley are 
practically free from smell. 


We should like to take this opportunity of expressing our thanks to Mr. W. 
Walker, Surveyor to the Calverley District Council, for his help in connection 
with our work at Calverley. 


1. 
2. 


3. 


4. 


5. 
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‘CATERHAM BARRACKS SEWAGE WORKS. 


(War OFFICE.) 





Situation of Works - - 


Method of treatment’ - if " 


Population draining to works during eS esi 
tions ° - - - - - 


Water supply in Hale rise eles su vag etl 
obtained - 


Number of Latrines : ‘ i 


5a. Number of W.C’s. : 3 Ls a . 


6. 
7. 


10. 
11. 
12. 
13. 


14. 
15. 
16. 
17. 


18. 


19. 


Sewerage system - 3 4 2 é a 


Average dry- ;weather flow in ene pa a 
hours - - 


. Gallons of sewage, per head, per day P c 


. Character of the sewage - S * i 


Date at which observations began - ~-- ~~ - 
Age of filters - £ - é . s 
Amount of storm water treated - - 


Total capacity of tanks in gallons - -~— - 


Total area of filters in yards super - Se 
Total cubic content of filters in yards cube - 
Nature of filtering material -. - : : 


Gallons of septic liquor treated per yard super 
per 24 hours - - 2 . : Z 


Gallons of septic liquor treated per yard cube 
per 24 hours” - : - : - - 


The final effluent is sent on to 2 : : 


4 mile from Barracks. 
Septic and “cultivation” tank, 
followed by filtration through 


percolating filters (Scott- 
Moncrieff process). 


1,300 (average). 


177 gallons:—a _ deep% kwell 
supply, from the East{Surrey 
Water Co. 

60. 

30. 


Separate. 


17,000. 
13. 
Exceptionally strong domestic. 


April, 1902. 


_ 4 years. 


Practically none. 

(1) Primary septic tank, 14,000 ;: 
(2) Cultivation tank, about. 
20,000. 

93. 


155. 


Coke. 


ol. 


30°7 


The land and disappears into the- 
chalk subsoil. 
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CATERHAM BARRACKS. 


The Caterham Barracks constitute one of the depots for His Majesty’s Footguards. 
Chey are situated high up on the Surrey Downs at Caterham. 


The population is a variable one, being sometimes as high as 1,500, and sometimes as 
jow as 800 persons. The estimated average population, however, is about 1,300. 


The barracks are served, for the most part, by latrines which are flushed twice a day, 
these flushings comprising the main proportion of the sewage; but the sewers also receive 
the discharge of about 30 water-closets, as well as the water from the baths, together with 
some roof water in time of rain. There are about 60 latrines. 


The installation put down for the treatment of this sewage consists of a grit channel ; 
1 primary closed septic tank ; a secondary septic tank filled with flints, through which the 
liquid from the primary tank passes by upward flow; four percolating filters ; and a small tank 
filled with large flints for the purpose of removing suspended matter from the filter 
effluent. It was designed by Mr. Scott-Moncrieff in 1898, and was expected to treat the 
whole of the dry-weather flow of sewage from the barracks, the volume of which was then 


estimated at 22,000 gallons per 24 hours. 


The secondary septic tank filled with flints, which is called the ‘‘ Cultivation ” tank, was 
constructed to hold approximately 24 hours’ flow of sewage, and the filters were designed 
to deal with 216 gallons per square yard (180 gallons per cube yard) per 24 hours, or about 
20,000 gallons per day on the whole filtering area. 


The site of the barracks is flat, but the main sewer which carries the sewage 
to the filters is laid upon a fair gradient ; while at the outfall the land dips down into a 
deep valley. The 64 acres of land used for the further treatment of the filter effluent are 
therefore situated on a steep slope, the tanks and filters being placed almost at the top 
about a quarter of a mile from the barracks and in open country. 


~The installation was put before the Commission in December, 1898, by Mr. Scott- 
Moncrieff, as a complete experimental example of his apparatus for sewage treatment. 


FLOW OF SEWAGE. 


in times of rain, only roof water finds its way to the sewers proper, the rest of the 
surface water being carried away by a separate system of drainage. The flow of sewage, 
however, undergoes large temporary increases at such times. 


Since the filters do not receive an increased flow of septic liquor during storms, it 
thas not been thought necessary to make any close estimate of the amount of storm 
-water brought to the works in wet weather. It may be said, however, that the flow of 
sewage during wet weather is, like the dry-weather flow, subject to large and rapid 
variations. During the gauging operations carried out in April, 1902, the result of 
a rainfall of 0:1 inch, extending over about forty minutes, was to increase the rate of 
‘flow in the proportion of six to one within a quarter of an hour, and to double the total 
volume for abont an hour and a quarter. ) 


The quantity of storm water treated by the tanks depends greatly upon the time of 
‘day during which the rain falls. Ifit occurs when the latrines are being flushed, a large 
quantity passes over the main storm-overflow ; while, if it takes place during the night, a 
flow of storm water equivalent to about twenty times the average dry-weather flow of sewage 
‘may pass to the tanks for treatment. The reason for this is that the dry-weather flow of 
sewage is itself subject to extraordinary variations in volume, which often cause an over- 
flow to come into operation during dry weather. 


The flow of sewage was gauged by ngeans of an automatic recorder over a period of 
‘seven days, ending April 21st, 1902. The rainfall for the week was 0:13 of an inch 
(0:03” on the 14th and 0°10” on the 19th). As this only added about 1,000 gallons to the 


total weekly flow, the estimates obtained from the measurements may be taken as correct. 


The total flow for the week was approximately 120,000 gallons, and the average 
daily flow 17,000 gallons. The figure of 17,000 gallons therefore represented approxi- 
mately the dry-weather flow of sewage from the Caterham Barracks at this time. 
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hen the baths were 
The highest day’s flow of 20,700 gallons occurred on the Saturday, w 
Beak a eohore day’s flow of 12,500 gallons on the Tuesday, when the usual 
morning flush from the latrines did not occur. 


The hourly variations in flow at Caterham are extreme, the volume of sewage being 
sometimes increased six-fold in a quarter of an hour ; indeed, excepting during the 
night, the flow is never steady for more than a few minutes. The greatest variations occur 
at stated hours each day (usually 8 a.m. and 2 p.-m.), being occasioned by the 
periodical flushing of the latrines by men specially told off twice a day for this purpose. 


Subsoil Water.—As the night flow during dry weather is very small, it may be taken 
that little subsoil water gains access to the sewers at such times. 


On Diagram D are given some illustrations of the sewage flow at Caterham. 


Crude Sewage.—Four sets of hourly samples and one chance sample were examined 
chemically. The hourly sets, Nos. 12, 17, 22 and 27, were drawn according to rate of 
flow in the middle of April, 1902, in practically dry weather, the first three sets each 
representing 48 hours and the last one 24 hours. Excepting in the matter of suspended 
solids, the last sample was distinctly stronger than the others, but they are all averaged 
up equally here. If each of the first three was taken as equal to two samples and the 
last as equal to one sample, the average figures would come out slightly lower than they 
do (excepting as regards suspended matter), but only slightly (¢g., Total Nitrogen 168 
instead of 17°5; ‘‘ Oxygen absorbed ” in 4 hours 17°5 instead of 18:0). The chance sample 
No, ‘“ A” was drawn on Tuesday, February 2nd, 1904, at 11.20 a.m. 


The following results were obtained :— 











Chance 
Parts per 100,000. Average. ‘al weber pample 
No. A. 
Ammoniacal Nitrogen - - - - - (11°81 to 16°58) 13°41 (4) — 405 
Albuminoid Nitrogen - ” - - - (1:36 to 2-21) 1°75 (4) 1:28 
Total Organic Nitrogen - - - - (2:34 to 6°32) 3:87 (4) 7-30 
Total Nitrogen - - - = + 22) (1646 te2200) 17°53 (4) 11:35 
“ Oxygen absorbed ” at 27° C. (80° F.) at once (3°38 to 9°50) 5°70 (4) 7:20 
ee pS at 27° C. (80° F.) in 4 howrs(13'87 to 21:19) 17:99 (4) - 23°59 
Chlorine = em a ee 13:57 (4) 10-48 
Solids in Suspension- - - - - (31'3 to 62:1) 42°10 (4) 16-40 
Containing Mineral Matter - - - (7:90 to 25:20) 15:30 (4) 4:50 
Containing Grit - -» -' - +. (13:08 and 7-08) — (2) = 
Solids by Centrifuge (vols.) - + = (173°0 to 247°0) 220°0 (4) 71:0 
Ratio of Solids in Suspension to Centrifuge ~ . 
Solids = --) >) 2) ek TA Teton 1:55 (4) 1:43 
“ Cellulose” (by Alkali, Acid and Ether) - (7:84 and 496) — (2) — 
Ratio of “ Cellulose” to Suspended Solids (1: 7-9 and 1: 8-7) =i (2) ue 





These sets of hourly samples were rather uneven in composition. The first two sets 
had only a slight sewage smell on the day of analysis, but the last set had a strong dis- 
agreeable odour. The above figures show the exceptionally strong character of the 
sewage. As regards ammonia, and oxidizable matter (as measured by the 4 hours’ 
“Oxygen absorbed” test), it may be taken as being nearly twice as strong as an average 
sewage. In the matter of suspended solids, however, it is only slightly above the 
average; in the first two sets of hourly samples examined, about one-fifth of those 


solids consisted of grit, which shows that, at any rate in some cases, a separate system 
does not mean exclusion of grit. 


Coming as it does from a barracks, the sewage not only fluctuates largely in volume at 
different hours of the day,.but also varies very much in character. This is very clearly 
brought out by the figures of analysis of the chance sample examined, No, ‘‘ A,”—a 


Diagram D. 
DIAGRAMS SHOWING FLOW OF SEWAGE AT CATERHAM BARRACKS. 


AS FALLING OVER A WeiR IZ wiDE. 


Note:- Over a Weir I2° wide 0:25 inches a rate of 5,210 gallons per 24 hours. 
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sample which had a smell of carbolic soap; this, while very high in total nitrogen and 
oxidizable matter, contained relatively little ammonia and suspended solids. The 
necessity for equalizing such a sewage before filtration is thus obvious. : 


Bacteriological Results.—The results of the bacteriological examination of the Cater- 
ham crude sewage, tank liquor and effluents, etc., are given in Appendix B. 


GRIT CHANNEL, 


_ Immediately after it arrives at the works,the sewage passes into a long grit channel (48 feet 
by 1 foot 7 inches and 1. foot 6 inches deep), where it deposits its grit and heavy 
suspended matter. The channel is only very occasionally cleaned, and as the sewage usually 
arrives in a very unbroken condition, it soon becomes full of a thick and solid sludge. For 
this reason very little disintegration appears to go on, and the whole mass remains in the 
channel until it is either carried forward into the first tank, or removed by scooping into 
barrows and wheeling on to the land. There are no sludge valves to the channel. The 
removal of this sludge is a very unpleasant process. 


It must be stated, however, that this description refers to the channel as worked 
during our observations. We are not certain whether it was originally intended for 
grit settlement, and indeed we understand that when the installation was designed, Mr. 
Scott-Moncrieff contemplated dealing with the sewage from an entirely separate sewerage 
system, from which grit was excluded. 


PRIMARY CLOSED SEPTIC TANK. 
Number - : : - > 2 7 
“oo ty he 14,000 gallons (approx. ) 


The sewage and sludge from the grit channel pass into the primary septic tank, where 
further settlement takes place, that portion of the sludge which is arrested in it assuming 
a greyish black appearance. The tank is (roughly) 22 feet long, 12 feet wide and 9 feet 
6 inches deep. It holds about 14,000 gallons. It is covered with a cement roof. 


After running for about three weeks, the primary septic tank usually shows that it is 
becoming choked with sludge, by the forcing of some of its butter-like scum through a 
venthole in the cement roof. The sludge is then partially removed by opening a side 
valve situated about 2 feet below the water level, and some 6 feet above the bottom of the 
tank. By this means a quantity of about 5,000 gallons of thin sludge is let out, the 
water level in the primary and ‘cultivation ” tanks being lowered at the same time by 
about 2 feet and 1 foot respectively. The discharge is accompanied by a considerable 
smell. 


As the bottom part of the primary tank is never emptied, the flow of sewage must be 
almost entirely confined to the upper part. 


“CULTIVATION” TANK. 


The liquid, after having passed through the primary tank, is delivered into the bottom 
of a second tank (42 feet by 20 feet by about 8 feet deep), filled with large flints. This is 
called by Mr. Scott-Moncrieff the ‘‘ Cultivation” tank. 


The delivery is made by means ofa large perforated pipe laid underneath the flints 
and the tank liquor issues again from three outlets near the surface of the tank in what 
appears to be a highly septic condition. 


Two of the three outlets are overflows into the field, placed at the water level, while 
the third outlet, which isa short distance below the water level, delivers the liquid to be 
treated by the filters. 


The flow on to the filters is constant or practically so, while that on to the field varies 
with the flow of sewage. | 


After running for a period of about three months, the “Cultivation” tank usually 
becomes rather choked, and the liquor flowing on to the filters begins to contain a large 
quantity of suspended matter. The valve connecting to the bottom, of the tank’ is 
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then opened, and the liquid sludge resting in the spaces between the lower flints is 
discharged on to the hillside. With the valve open to its fullest extent, the operation 
takes about an hour, and is attended with a very offensive smell. Owing to the porous: 
nature of the soil, however, the smell passes off within a day, if the weather is dry. 


hee 


A rough estimate of the volume of liquid sludge which was run out of the “ Cultivation’ 
tank on June 8rd, 1902, gave 9,500 gallons. 


Septic Tank Liquor from the Cultivation Tank.—Kight sets of hourly samples and eight 
chance samples of septic tank liquor were examined chemically ; these must however be 
sub-divided into samples of :—(A) Field Tank Liquor, i.e. the excess of liquor which is: 
not treated on the filters, but allowed to pass direct on to the land, and (B) Filter Tank 


Liquor, which is treated on the filters, | 


(A) Field Tank Liquor.—The four hourly sets of this, Nos. 13, 18, 23 and 28, were 
drawn at the same time as the hourly samples of sewage, in practically dry weather, 
according to rate of flow, the first three representing 48 hours each and the last one 24 
hours. In the third sample, No. 28, there were no fractions, 7.é., no field tank liquor 
from 4 p.m. on the 18th to 6a.m. on the 19th, inclusive. At the time these samples 
of tank liquor were drawn, the tank had been in use, without being sludged, for about. 
one month. . . 


Beside the figures for the hourly samples are given those for the two chance samples 
Nos. 5 and 9, drawn on January 10th and 22nd, 1902, about 1 p.m. Excepting in the 
matter of suspended solids, these two samples were very similar to one another in 
composition. 


Chance Samples. 














Hourly Samples. Parts per 100,000. Average. me ee Nos. 5 and 9. 
; ~~" | Average Figures. 
Ammoniacal Nitrogen - — - - - (15°91 to 19°30) 18-09 (4) 16°48 (2) 
Albuminoid Nitrogen - : - - (1:19to 1-47) 1:38 (4) 2°45 (2) 
Total Organic Nitrogen - - - - (271 to 4-40) 3:35 (4) ~ 5:04 (2) 
Total Nitrogen - - -. - . (20°11 to 22°45) 21:14 (4) 21°53 (2) 
*‘Oxygen absorbed” at 27° C. (80° F.) at 
once . - - - - - ( 428 to 4-99) 4°67 (4) 740 (2) 
“Oxygen absorbed ” at 27° C. (80° F.) in 
Shows - - - -  -  - (18°42 to 14°34) 13°89 (4) 16°42 (2) 
Chlorine Sew. hey ie ee Hater oo gac omental 13°23 (4) 13:47 (2) 
Solids in Suspension - - - - (201 to 3800 ) 25°40 (4) 34°30 (2) 
Containing Mineral Matter - by 7 KES Shey Gis) 510 (4) 8:50 (2) 
Containing Grit- - - -  - (1:58 and 2°78) a (2) 116 (1) 
Solids by Centrifuge (vols.)  - : - (91:0 to 160°0) 116:0 (4) 202°0 (2) 
Ratio of Solids in Suspension to Centrifuge 
Solids - - - - - - 1:30t01:5°5 1:46 (4) 1:63 (2) 
“Cellulose” (by Alkali, Acid and Ether) (4:04 and 4:04) — (2) 2:56 (1) 
Ratio of “ Cellulose ” to Suspended Solids 1 : 5-0 and 1: 5°5 — | (2) 1:10°4 (1) 





In appearance all these samples of septic tank liquor were turbid and brownish, with 
sediment varying in colour from grey to black, and: of different degrees of flocculence. 
All excepting one had a strong septic tank odour. The highly nitrogenous and 
especially ammoniacal character of this liquor is apparent from the analysis, while the 
figures for “ oxygen absorbed” and also those for suspended solids are very high. The 
“cultivation” tank filled with flints, therefore, while inducing a strong septic action im 
the concentrated sewage, yields a very poor result so far as the retention of the suspended 
svlids is concerned. / : 


BL 


Compared with the hourly samples of sewage, the above hourly samples of “ Field” tank 
liquor show the following differences in figures :— 








Total Nitrogen - — - é oi rs Sane) eR rY (5 ate Ba ek 21 per cent. increase. 
Ammoniacal Nitrogen te dark} Ae osteoma soa@rel od Heeat- 58s %3 
Mibananoi werecen Go PAPO Yipes O64 a1] BUSI P IA HOO), 4 bit 21. = ,, ‘reduction. 
Tooke mecroven =~ eg te 1s *9 
“Oxygen absorbed ” at once “fT Se ae ep en Grane; ” 

2 mn in 4 hours - _ - - : - . - . 23 + 9 
Solids in Suspension -~ - aba his re Weta ee |S 40 99 9 
Mineral Matter in those Solids -~ - Uh IS) ey + hou See 67 =~, %9 
Solids by Centrifuge (vols.) - - - : - - - - - - 47 % 9 
“ Cellulose ” 2 EE ee 37, 09 








Even allowing for the fact that the above comparison of the sewage and the septic tank 
liquor is not strictly correct, it is evident that a considerable decomposition of the organic 
nitrogenous matter in the tanks was going on at the time, judging from the large increase 
in the quantity of ammonia. The solids in suspension were only reduced by about 40 per 
cent., but the mineral matter of those solids by 67 per cent. 


The two chance samples of ‘‘ Field” tank liquor examined contained more matter in 
suspension (43°0 and 266 parts respectively), but they were otherwise of the same 
character as the hourly samples. 


Nothing further requires to be said to demonstrate the exceptional strength of this 
septic tank liquor. 


(B) Septic Tank Liquor going on to Filters :—The four sets of hourly samples of this, Nos. 
14, 19, 24 and 29, were drawn at the same time as the hourly samples of “ Field” 
tank liquor, in the middle of April, 1902, in almost dry weather, but 7 equal quantities 
every hour, the object of this being to allow of a comparison with the filter effluents. 


The first three sets each represented 48 hours’ flow and the last one 24 hours ; in No. 14, 
however, the fractions for 4, 5 and 6 p.m. for one day were missing, in No. 19 the fractions 
for 3, 4 and 5 p.m., while in No. 24 the fractions from 4 p.m. on the 19th to 7 a.m. on the 
20th had to be omitted. The last set was complete. 


They gave the following figures on analysis :— 





Parts per 100,000. Average. Bsa ie 

Ammoniacal Nitrogen - - + + - = (15-94 to 20°65) (1)* 18-487 (4) 
Albuminoid Nitrogen - - : - - (0-96 to 1:29) 1:06 (4) 
Total Organic Nitrogen - - - - - - - - (3:12) a (1) 
Total Nitrogen - - - Se ae . - (18:14 to 21°59) 20°14 (4) 
“Oxygen absorbed ” at 27° C. (80° F.) at once - - - (3:24 to 4°77) 3-73 (4) 
ees ae at 27° C. (80° F.) in 4 hours - - (8-91 to 11-90) 10-15 (4); 
Chlorine - - =a Uys a a : (11:50 to 14°76) 13°31 (4). 

Solids in Suspension - : - - - - - (9°50 to 16°30) 12°60 (4) 
Containing Mineral Matter - - <a E 7 - (0°30 to 2-10) 1:10 (4) 

Containing Grit - - el xe eae 9 = - (0°89 to 1:26) 1:96 (3) 
Solids by Centrifuge (vols.) —- - - -«! - +=! (33:0:to 74:0)- 47-0 (4) 
Ratio of Solids in Suspension to Centrifuge Solids - 1: 28t0o1: 45 a Res Lyf (4) 
“Cellulose” (by Alkali, Acid and Ether) - - - - 248 to 3:36 2°96 (3) 
Ratio of “ Cellulose ” to Suspended Solids - : : 1: 31to1: 51 1:43 (3) 





* Probably too high, + Slightly too high. 


78 


In appearance and general character these samples were, of course, similar to the hourly 
samples of “ Field ” tank liquor ; but, while the total nitrogen was almost the same in both, 
the “Filter” tank liquor contained only half as much suspended matter, and this in its 
turn had relatively less mineral matter. The two series cannot be rigidly compared with 
one another, having been sampled on different plans, but it is obvious that the method 
of drawing off resulted in much the larger proportion of the suspended matter of the 
liquor passing on to the land. Notwithstanding this, the liquid which the filters at Caterham 
have to treat is an abnormally strong one, especially as regards ammonia, while it also 
contains a large amount of matter in suspension. 


The six chance samples of “ Filter” septic tank liquor examined chemically, Nos. 2, 6, 
10, 31064, 659 and “ B” were all drawn during the winter months (1901-4). 


They gave the following figures :— 








Parts per 100,000. Average. ss: es eae 

Ammoniacal Nitrogen - © .* «©  « «+ (15°32 to 26-18) 19-22 (5) 
Albuminoid Nitrogen - - + = - + = (1:28 to 2:08) 1-62 (5) 

Total Organic Nitrogen <1 +: Tounerst nee (3:48 to 5°83) 459 | (5).22 5 ai 
Total Nitrogen - - - -'° = * = ‘+= — = (20°26 to 29°66) 23°71 (6) 
“Oxygen absorbed” at 27°C. (80°F.) at once - id (4:06 to 5°54) 4°87 (6) 
” 99 99 “ in4&hours- -  - (13:18 to 19°96) 16°49 (6) 
Chlorine © + ee tot te ot tee a ae a 2 OL 01778) oi erok (5) 
Solids in Suspension - - - - : - - (198 and 13°5) _ (2) 
| \ celta Mineral Matter =“: “= °7°2 S99 (ad and 4h) a) eee (2) 
Solids by Centrifuge (vols.) - 2 + = = (87-0 to 120-0) 60:2 (6) 


Ratio of Solids in Suspension to Centrifuge Solids - (1: 61and1: 2-7) _ (2) 


The above chance samples naturally varied more in composition than the hourly ones, 
the variations being considerable but not extreme. | All of the samples had a strong 
-septic tank smell when analysed. Judging from the centrifuge figures, they contained 
more suspended solids than the hourly samples (say, about 16 parts), while the average 
figure for ‘‘ oxygen absorbed” in 4 hours was also very high (165), They thus serve 
to confirm what has been already said under the hourly samples—that the liquid treated 
upon the filters at Caterham is always an exceedingly strong one in every respect. One 
or two notes may be added with regard to individual samples :— 


No. 31064. was drawn only two or three days after the primary tank had been’ 
_sludged, and yet it gave a centrifuge figure of 64. 


The centrifuge figures for the Field tank liquors, Nos. 5 and 9, were 174 and 230 
respectively, while those for the two Fvlter tank liquors drawn at the same time, Nos. 6 and 
10, were 65 and 120. This further bears out what was said under the hourly samples, 
viz., that much the larger proportion of the suspended matter of the tank liquor passes 
on to the land. 


Though no estimations of colloidal matter were made in the Caterham. tank liquor, 
judging from its appearance it probably contained a large quantity. 


FILTERS. 
Number . - 4. : 
Size of each - - - 11 feet by 9 feet 6 inches. 
Area of each - - - + 23°22 square yards, 
Total Area - : - 93 square yards. 
Depth of material - -° 5 feet. 


Total cubic content - - ° 155 cube yards. 
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~ The “ Aerating Trays,” as the filters are called, are arranged in the form of four filters, 

each consisting of seven concrete trays, perforated at the bottom and filled with coke. 
The coke is graded from 2 of an inch in diameter in the uppermost tray to about 3 inches 
diameter in the lower ones. wry eee 


The distribution of tank liquor is effected by the tipping of four troughs, which each 
discharge about fifteen gallons of liquid into perforated pipes extending over the surface 
of the material. At the ordinary rate of flow the discharges take place about once in 
twenty minutes. If the distributing pipes are kept clean, the method is very effective ; 
but they need constant attention, and require to be brushed and picked out at least twice 
a week when the flow is at the normal rate. . 


The total time which is spent in cleaning the primary tank and the pipes each week is 
about twelve or fourteen hours for one man. During this time the filters are out of work, 
and the whole of the tank liquor goes to the land. stl 


The filters themselves need little attention, the uppermost trays requiring only occa- 
sional raking ; the lower ones are not touched. 


The flow of tank liquor on to the filters, which, by reason of the troughs, is intermit- 
tent, was very carefully gauged throughout a weck in April, 1902, and was found to be 
at the rate of 51 gallons per square yard, or 30°77 gallons per cube yard per day, 
giving a mean quantity of 4,740 gallons per day, treated upon the total filtering area of 
93 square yards. This was rather less than one-third of the total flow of sewage during 
the week. 


The filters have shown no signs of clogging throughout the whole of our observations, 
and we are further told that the coke has never been changed since the installation was 
brought into use in September, 1898. 


Unsettled Efivents——Four hourly and nine chance samples of these were examined 
chemically. The hourly sets, Nos. 15, 20, 25 and 30, were drawn in equal quantities 
every hour at the same time as the other hourly samples, 7.¢., from April 14th to 21st, 
1902, in almost dry weather. The first three each represented 48 hours flow and the 
last one 24 hours, excepting that the same fractions were omitted from the first three 
sets as in the case of the hourly samples of “ Filter” tank liquor, 


The following results were obtained :— 








Parts per 100,000. | Average. eae 

Ammoniacal Nitrogen SSS RRP ies ore eseaeergemmeninmer (51 (5k Wy fas) 677 (4) 
Albamtnaid Nitrogen BER Se ern! Yo Lil. (0°32 to 0-49) 0:42+ (4) 
( *Oxidized Peers ee te LL (849 to 9°57) 8:90 (4) 
\ Containing Nitrous Nitrogen - - - - - =  (0:38t0087)| 068 (4) 
Teme 5-72 4017-04) | 16°75 (4) 
“Oxygen absorbed” at 27° c. (80° F.)at once - +. .- (1°75 to 2:20) 1-92 (4) 

» » » »  imahours - - (463 to 5°64) 522 (4) 
Incubator Test (Scudder) - - - - So Me Wns . : pane (2) 
IncnbatorjTest (by smell) = o5- 9 -) jm er ue been YL - - 4+ (4) 
Smell when drawn - - Deets Sr? i ae ae ae - - 4+ (4) 
Smell when analysed - - - -, - - = «© - bit ai ¢ 3+ | (3) | 
Chlorine oF = = me = (10-46 to 12°80) |- 11:38 (4) 
Solids in Suspension - - - - . - - - — (261 to 421)- 3°7 ap. (4) 
Solids by Centrifuge (vols) - - - - - + (670101060); 840. (4) 
Ratio of Solids in Suspension to Centrifuge Solids - (1:166and1: 205) — (2) 








* In these analyses, as well as in the first five of the chance samples of unsettled effluent, the figures for 
Oxidized Nitrogen are only to be taken as correct to within one or two tenths of a part ; they may possibly 
be a trifle too high. For this reason no figures are given for Total Organic Nitrogen in these samples. 

J Possibly a little too high. 
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These effluents were of very even composition. In appearance they were all yellow- 
brown in colour, and they had in suspension considerable quantities of very flocculent 
brown suspended solids. They had all a clean smell when drawn and when analysed,* 
while they all readily withstood incubation. If the figures for total nitrogen in these 
effluents be compared with those given by the hourly sets of ‘ Filter” septic tank liquor, 
it will be seen that the actual diminution has only been from 20:1 to 167 parts, but 
that half of the nitrogenous matter has been oxidized to nitrite and nitrate. The large 
quantity of nitrite (average 0°68 part) found in those effluents on the day of analysis was 
a marked feature, and nitrite was also present to a considerable extent after incubation. 
The figure for ‘‘ oxygen absorbed” from permanganate in 4 hours was high (§:22). The 
suspended solids were estimated in this case by difference and the figures are probably 
rather low, in consequence, but these solids were of a very flocculent character. Judging 
from the clean state of the coke in the trap at the time, practically all the solids of the tank 
liquor, which were undigested, passed through the filtering material, and the issuing 
solids probably contained as much mineral matter as those going on, though our analyses 
are too few to allow of a definite statement here. No estimations of the absorption of 
dissolved oxygen by those effluents were made, except that they were aerated, by shaking, 
before being despatched to the laboratory, and next morning three out of the four showed 
some oxygen by the copper chloride method. The rate of absorption of oxygen was thus 
not very rapid (of chance samples). 


The ammoniacal and organic matter of the exceptionally strong tank liquor treated 
in the filter trays was thus oxidized to the extent of about two-thirds—if this expression 
may be allowed—but the oxidizing process was not by any means carried to its full 
extent. At the same time a highly nitrated and inoffensive etfiluent, which readily with- 
stood incubation, was produced. The large quantity of nitrate present in this effluent 
must make it excellent for irrigation purposes. 


Compared with the hourly samples of ‘‘ Filter” septic tank liquor, with which they are 
strictly comparable, those effluents show the following reduction in figures :— 





Caleulated on :— Reduction. 
Total Nitrogen - - - - - - - - “ s ° : 17 per cent, 
Ammoniacal Nitrogen ="  - = =) 0 63 5, » ap. 
Albuminoid Nitrogen - - - - : > - : 2 : = 60, » 
“‘ Oxygen absorbed” at once - - + = - - te 3 : 48 5 
” 3 in 4 hours - 2 - S = * sy a ie 49 29 3”? 
Solids in Suspension —- - - - - - > = : RE wo fe 61, 5, ap. 





The eight ordinary chance samples of unsettled effluent examined were Nos. 7, 82, 34, 
36, 38, 660, ““C” and 3,548. The first five of these were drawn between January and 
April, 1902, and the last three in January, February and October, 1904, 7.¢., they were 
all cool weather samples. 


They gave the following figures :— 








Parts per 100,000. | Average. Re 8 
Ammoniacal Nitrogen - ~~ - -  - - (7-01 to 13°03) 8°88 (5) 
Albuminoid Nitrogen - - + . .- (0:27 to 0°54) 0-41 (4) 
{ Oxidized Nitrogen : - - - : (3:18 to 10°11) 795 (8) 
‘ Containing Nitrous Nitrogen = ee (ie (0:35 to 1°05) 072 (7) 
Total Nitrogen 9 =~) =- 0 + 5. = (1,84 00 18-97) 16:02 (5) 
*‘ Oxygen absorbed” at 27° C. (80° F.) at once - (1:31 to 1°89) 1:68 (7) 
% eS ‘ 5  m4hours (3°76 to 8-66) Bll (7) 
Dissolved Oxygen taken up in 24 hours at about 

$°.65s ee (0°57 to 0:93 ap.) 0:80 (3) 
Incubator Test (Scudder)- - - - + -~ . . .| %-+*practically (7) 
Incubator Test: (by"smell)-" = ju sis, eee = T+ (7) 
smell when analysed = = oe) i (7) 
Chlorine’-=  - = V2) URE OEE = (10:34 tod o74) 11°77 (4) 
Solids in. Suspension, =" ))> a ence (26 to 52) 3:7 (4) 
Solids by Centrifuge (vols.) - - -.  - (20:0 to 174-0) 63:0 (8) 
Ratio of Solids in Suspension to Centrifuge Solids (1:118to1:14-4(1))} 1:12°6 (4) 

c.c. per litre.* Oxygen in solution when analysed (23 to 3-0) 26 (3)f 








* Not noted in one case, but it may be inferred. 
T All the other five effluents also contained some oxygen on the day of analysis. 
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In general character and appearance those effluents were the same as the hourly 
samples already described. One of them, No. 660, was noted as having a sewage smell 
when drawn (with sewage weed showing in the effluent pipe at the time), but all the 
others may be taken as having been inoffensive with regard to smell, though this was only 
noted in one case. They all hada clean smell when analysed, and all withstood incubation. 


The average figures given by the chance samples are almost the same as the average 
of the hourly ones, but in the former the individual variations are appreciably greater. 
On one occasion the total nitrogen fell to 12 parts, while in the last sample the “ oxygen 
absorbed” in 4 hours was as high as 8°66. Two of the samples contained only 3-4 and 
45 parts of oxidized nitrogen, but all the others had over 8 parts. The suspended solids 
also showed great differences, as judged by the centrifuge figures (from 20 to 174 vols.), 
say, from 1° to 12 parts, but asa rule they would be about 4 parts. The nitrite was 
again very high, both in the original and incubated liquids—a sign of incomplete oxidation. 


All the effluents contained some dissolved oxygen when they came to be analysed, but 
the absorption of dissolved oxygen was only estimated accurately in the last three 
samples: the figures so obtained are interesting when compared with those for ‘‘oxygen 
absorbed” from permanganate :—- 


No. 3,548. 


ee Noe 660 ifoNoi £0" lie vat ]o9lperdadex 
Original, through paper. 


“Oxygen absorbed” from Permanganate in 4 


hours at 27°C. -~— - sees |S - 5:37 3°76 8°66 3°42 
Dissolved Oxygen taken up from Water in 24 


hours at about 18°C. - — - 0:93" 0:90 057 0-07 
Solids in Suspension See Bac. of) De — 3°50 2°60 TE 
Solids by Centrifuge (vols.) - - -~ - 20-0 50:0 30°6 a 


The above figures for absorption of dissolved oxygen, though high, are relatively low 
when compared with the figures for permanganate absorption ; this again illustrates the 
point that an effluent from a strong sewage may give a comparatively high figure for 
“oxygen absurbed,” although it may not contain much organic matter of a readily 
putrefactive character. The illustration would have been more pointed had the three 
efiuents in question been rather better purified. Further, the difference in the figures 
for both permanganate and for dissolved oxygen absorption given by No. 3,548, (a) as 
drawn, and (6) after filtration through paper, is very marked, the liquid portion of the 
effluent showing practically no further tendency to take up oxygen in 24 hours. 


No. 788 was an interesting sample. It was drawn on Wednesday, March 22nd, 1905,. 
in dry weather, the filter having been just re-started after a stoppage of less than a day. 
It contained such an unusual quantity of suspended solids that it was analysed both as a 
whole and after settlement for two hours, with the following results :-— 











om After 4 
7 Original Sample. ane ree, 
Ammoniacal Nitrogen tree freei>ie ped tie vor -— 13°10 
Albuminoid Nitrogen- — - Paritoyth> sit a princes Hs i A: 
Nitrous Nitrogen - - - + + = + = — 1:02 
Nitric Nitrogen - - . - Ht is - - $ ie 2:98 ap. 
Total Nitrogen - - . - - - - - : 21°37 19-12 
“ Oxygen absorbed ” at 27° C. (80° F.) at once - . - 4:43 3:08 
” ” ” ” in 4 hours - 5 13:57 ft 8-71 
Dissolved Oxygen taken up in 24 hours at about 18°C. — - over 2°80 at least 2°84 
Incubator Test (Scudder) - - - - : if . xe ef 
Incubator Test (by smell) - - 3 init : 4 : ae as 
Smell when analysed - - - teies A - : , fe SF 
Solids in Suspension - - : - - = : 3 32:6 5-0 
Solids by Centrifuge (vols.) - - : : 6s ae 4120 28°83 
Ratio of Solids in Suspension to Centrifuge Solids — - : 1:12°6 Leper 
* Temperature of incubator fell to 15°5°C., so this figure is a little too low. + 42 hours. 
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‘The suspended solids in the above sample were reddish-brown in colour and the 
effluent still remained turbid after the two hours settlement, although there was not 
much apparent suspended matter Jefe in it. This sample illustrates the marked effect 
of a short rest in loosening the suspended solids in the filtering material. Even the 
settled effluent was of very indifferent quality, although the nitrate present enabled both 
it and the original sample to withstand incubation. 


EFFLUENT FLINT TANK. 


The effluent from the filter trays is passed through a small tank (22 feet long, 
7 feet wide, and 1 foot 7 inches deep), filled with flints, the flow through, on the 
assumption that the flints occupy about 50 per cent. of the tank space, being about once 
in 4:5 hours. This is now used for the purpose of straining out the suspended matter 
in the filter effluent, though, we understand, it was primarily intended for the purpose 
of denitrification*. The liquid emerges from this tank as the final effluent. 


Once a month the valves at the foot of the effluent flint tank are opened, to allow 
of the accumulated solids being run out on to the field. 


Final Effuents.—¥our sets of hourly samples and eleven chance samples were exam- — 
ined chemically. The hourly sets, No. 16, 21, 26 and 31, were drawn at the same time 
as the hourly samples of unsettled effluent and “ Filter” tank liquor, and corresponded 
exactly to these. They gave the following results on analysis: — ~— =— 


Parts per 100,000. | Average. Number of 





Estimations. 

Ammoniacal Nitrogen : - - - - - - (5°95 to 8:51) 6°84 (4) 
Albuminoid Nitrogen - - : - - : - (0:29 (2) to 0°36) 0°33 (4) 
tOxidized Nitrogen - : 4 . - : : - (T'73 to 9°64) 8°52 (4) 
Containing Nitrous Nitrogen - - . - - - (0:37 to 0°66) 057 (4) 
Total Nitrogen .-;°.-s == 5) +i0i}e opti ats - (15°31 to 17-44) 16°24 (4) 
‘Oxygen absorbed” at 27° C. (80° F.) at once - - - (1:29 to 1°81) 1:50 (4) 
y 53 ; » th 4 hoursf=. - (3°47 to 4:25) 3°77 (4) 
Incubator Test (Scudder) - -  . + feoibipene Ye 3+ (3) 
Incubator Test (by smell)= 4 <2 Se eee : 4+- (4) 
Smell when drawn” - - - = ‘ 3 : ¥ 4+ (4) 
Smell-when analysed. -:  -— =) ee 4+ (4) 
Chioring 17-5. ist. ¢ (Ue OS TS (10-44 to 12:24) 11:58 (4) 
Solidsin Suspension - - - -  - - -  ~ (trace to1-‘7?) 0°80 (%) (3) 
Solids by Centrifuge (vols)- -  -  - - - — = ‘(trace to 14:0) 8:0 (4) 





These final effluents were very uniform in composition ; they were yellow to brown in 
colour, but practically clear, and they contained very little matter in suspension— 
probably under 1 part per 100,000. They all had a clean smell, both when drawn and 
when analysed, and all readily withstood incubation. The final flint tank, through which 
the unsettled effluent. passes, fulfils its purpose of removing the suspended matter from 
the unsettled effluent very well. The liquid portion of the effluent is substantially the 
same in character and appearance as that of the unsettled effluent. 


If the foregoing average figures of analysis be compared with those of the hourly 
samples of unsettled effluent, it will be seen that the suspended solids are reduced from 
about 4 parts to 1 part or under, and the 4 hours “ Oxygen absorbed ” figure from 5:22 
to 8°77. The oxidized nitrogen also shows a slight reduction, no doubt from the deoxi- 
dizing action of the gradually accumulating sludge in the small flint tank; this sludge 
contains many small worms, and is, of course, in itself putrescible. 

a 

F “ Sewage and Sewage Purification,” by S. Rideal, 1st Edition, page 228. 

+ In these analyses, as well as in the first seven of the chance samples, the figures for oxidized nitrogen are 


only to be taken as correct to within one or two tenths of a part ; they may possibly be a trifle too high. 
For this reason no figures are’given for the total organic nitrogen in those samples. 
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Compared with the hourly samples of “ Filter” tank liquor, the hourly samples of final 
effluent show the following reduction in figures :— 





Calculated on :— Reduction. 
Total Nitrogen - . : : : p - - - - - 19 per cent. 
Ammoniacal Nitrogen - - - - - - : : = 5 63 ” approx. 
SrPONnom NUTOCR = Te ek es eee eg ee 69 iy, 
MO xvonn BDSOLDOU , OL 07ce - = ee ge gms : : 60 99 
‘ 6 in4hours - - - - - - : 63 5s 
Solids in Suspension ~— - - : - - - - - - - 90 53 or over. 





The actual percentage reduction, therefore, of the organic impurity of the very strong 
septic tank liquor treated on the filter trays was fairly good, and at the same time a pre- 
ponderating quantity of nitrate was left in the effluent. 


It is impossible to compare accurately the figures of analysis given by the hourly 
samples of sewage and the hourly samples of final effluent, the former having 
been drawn according to rate of flow, and the latter in equal quantities every hour; but 
by combining the reduction given by the hourly samples of “field” tank liquor upon 
the sewage with that given by the hourly samples of final effluent upon the “ filter” 
tank liquor, the following reduction figures are obtained. They may probably be taken 
as approximately correct :— — 





Calculated on :— lab 


Total Nitrogen -~— - ee) Gee ay a ess Cae. No reduction. 
Ammoniacal Nitrogen - - - - - - : : - - 79 per cent. reduction. 
Albuminoid Nitrogen - - - - - - - - - - - 76 i He 
“Oxygen absorbed” at once - < - - - - - . - - 66 i " 

” ” in 4 hours - t : - - y sa = 12 ry) ” 
Solids in Suspension - - - = > : : . : : cS 94 Fr »» approx. 


Chance Samples.—The eleven ordinary chance samples examined chemically were 
Nos. 4, 8, 11, 33, 35, 37, 39, 3106 b, 661, D, and 787. The first seven were drawn 
between December, 1901, and April, 1902, and the remaining four in February, 1903, 
January and February, 1904, and March, 1905. They were thus all taken in the cooler 
months of the year. 


No, 4 was a sample drawn after the filter had been draining for an hour and a half. 
It did not, however, differ in composition from the others, and is therefore included with 
them here. 


The following figures were obtained :— 











Parts per 100,000. | Average. | iL anher Of. 
“Ammoniacal Nitrogen - - - - -  - — - (606 to 13-02) 9:21 (9) 
Albuminoid Nitrogen | SOE. ehh Heat e (O-27ito.0:46) 0°35 (7) 
Total Organic Nitrogen - - - - - - = (0°72 to 1:49) 1:12 (3) 
Oxidized Nitrogen- - - - - - - ~ = (8:26 to 9°89) 6°67 (11) 
Containing Nitrous Nitrogen - - - - - =~ (0:26 to 0°87) 0°56 (11) 
Total Nitrogen ee hee = Te (11:07 to 19-47) 16:32 (8) 
“ Oxygen absorbed” at 27° C. (80° F.) at once - - - (0°98 to 1:96) 1:44 (11) 
3 # # "7 in4 hours - - (2°93 to 5°62) 4:03 (11) 
Dissolved Oxygen taken up in 24 hours at about 18°C. - (0°43 to 0°89) 0:60 (4) 
Incubator Test (Scudder) - - -  - - - - 9+2- (11) 
Incubator Test (by smell) - - - - - - SW eu ka (11) 
Smell when analysed - - - - - - - ee Lo (11) 
GG: ES ee a (10°90 to 14-26) 1257 | (10) 
Solids in Suspension - - - - = - (2°54 ) (1) 
Solids by Centrifuge (vols) - - - . : - (trace to §2:0)* 14:0 (11) 
c.c. per litre 
Oxygen in Solution when analysed - + + = (trace to 1:2) G4, 4 (4) 








* This was a quite exceptionally high figure ; the next highest was 20, 
6225.— App. ITI. L2 
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These chance samples of final effluent had, of course, the same yellow to brown colour 
as all the others, but they were on the whole rather more turbid than the hourly samples. 
They may be taken as having had an inoffensive smell when drawn, and they had all a 
clean—otten a strong earthy—smell when analysed. Again, all of them withstood 
incubation. No. 37 gave the high centrifuge figure of 52, but from all the others the 
suspended solids had been well separated, probably averaging not more than about 1 
part per 100,000. The average figure for total nitrogen was almost identical with that 
of the hourly samples, and excepting for one case (11:07), it was consistently very high. 
The average for oxidized nitrogen was rather less, and for ammoniacal nitrogen rather 
greater in the chance samples; nitrite was again present in quantity. The oxidation 
was much less pronounced in the last four samples, examined in 1903-5, the average 
ficure for oxidized nitrogen in these being 43, as against an average of 80 in the first 
seven samples, drawn in 1901-2. 


Four of these chance samples of final effluent, Nos. 4, 8, 35 and 39, were also examined 
partially after being mercury-jointed and incubated at 27° C. (80° F.) for periods of time 
varying from six weeks to six days. The following were the averages of the comparative 
figures obtained :— 





—-———— Original Sample. | Incubated Sample. 
Ammoniacal Nitrogen - - . - . - 742 (2) T36 (2) 
Albuminoid Nitrogen - = OY Los ee Silica re 0:29 (2) 0:22 (2) 
Nitrous Nitrogen : - - - . - 0°65 (4) 0°44 (4) 
Nitric Nitrogen - Sues - - : . 766 (4) 7:49 (4) 
“Oxygen absorbed” in 4 hours - - = - Piers) 0°79 (2) 





These samples had thus undergone comparatively little change during the incubation ; 
the oxidized nitrogen was reduced by 0°63 part* approximately, and the 4 hours 
‘oxygen absorbed ” figure: by 0°38. The samples were thus very stable. 


Compared with the hourly samples of “ Filter” tank liquor, the chance samples of 
final effluent show the following reduction in figures :— 





Number of Estimations © 


Calculated on i in Effluent. 
Total Nitrogen - -  - -  - += =| 20 per cent. reduction. (8) 
Ammoniacal Nitrogen*~* - .. s0 = "SNE SOh | 50 age, ea pprox, (9) 
Albuminoid Nitrogems=s - 40+ 502) ~| FO sed, (7) 
“ Oxygen absorbed” at once - - - - - GOLF 53; . (11) 
° a in4hours - - - . 6O2;,;may (11) 





* The figures for oxid'zed nitrogen are only to be taken as correct to within one or two tenths of a 
part ; they may possibly be a trifle too high. 
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The following figures are of some interest, mainly as illustrating the rate of absorption 
of dissolved oxygen by several of the effluents, over different lengths of time and at 
different temperatures :— 














Unsettled Effluents. Final Effluents. 
C. 3548. 3106B. D. 787. 
Filtered 
— Original. | through — a: = 
Paper. 
Total Nitrogen - — - : 11:84 15°43 a —= 11:09 19°47 
“Oxygen absorbed” at once 131 1:57 1:54 1:46 1:13 196 
“ Oxygen absorbed” in 4 hours 3°76 8°66 3°42 4:53 2°93 5°62 
Solids in Suspension - - 3°50 2-60 — = phe au 
Solids by Centrifuge (vols.) 50:0 30°6 — 20:0 AoC 3'6 
Dissolved Oxy son taken up hrs. hrs. brs. hrs hrs hrs hrs. hrs. hrs. hrs, hrs, hrs. brs, hrs. 
from water at about18°C. | 24 4s 72 96 24° 43 24 «48 24 24 48 72 24 86 «48 
in 24-96 hours. - - | 0°90 158 — 2:52/0°57 1:39) 0:07 0-21 0°43 (058091 1:24! 0°89 2:16* 





The above figures show that while the rate of absorption of dissolved oxygen by 
the Caterham effluents is generally rather high in the first instance, it is as a rule 
less on the second day than on the first, and so on (No. 787 was an exception to this, 
but it was rather an abnormal sample, collected soon after restarting the filters, sub- 
sequent to a day’s stoppage). They also show, as has already been stated, that the 
absorption of dissolved oxygen in 24 hours is relatively small as compared with the 
“ oxygen absorbed” from permanganate. 


One or two figures, showing the absorption of dissolved oxygen by two of the final 
effluents, for different lengths of time at. different temperatures, may also be given, 
though they are contradictory :— 





Final Effluents. 


No. 661. D. 

“Oxygen absorbed” in 4 hours - -~— - . . ek PO at 4°59 2°93 
Dissolved Oxygen taken up :— 

(a) in 24 hours at 18°C. (65°F.)_ - - ; : - - = : 0:57* 0°58 

(0) in6 hours at 27°C. (80°F.) -~ - - - + ed ee 0-14 0:58 

(c) in 4 hours at 37°C. (99°F.)_ - - - : - - - - 0-11 0°50 


These estimations were done with the object of seeing whether the 24 hours allowed 
for the dissolved oxygen absorption test might be shortened, if the temperature was 
raised so as to allow of the test being carried out within the limits of an ordinary 
working day. 


Experiments with an Increased Flow of Tank Liquor on to the Filters.—Having ascertained 
the nature of the final effluent when the filters were taking a flow of 4,700 gallons per 
day (2.¢., 80°7 gallons per cube yard per day), we thought that it would also be of in- 
terest to test the effect of an increased flow of tank liquor. With the sanction of 
the authorities, therefore, we made two experiments for this purpose. In the first one (a), 
which lasted for a month (May 2nd to June 8rd, 1902), the filters were made to 
treat double the original flow of tank liquor. One result of this was to necessitate 
the cleaning of the distribution pipes three times a week instead of twice, and the 
emptying of the effluent flint tank twice in a month instead of once. 


In the second experiment (6), which lasted for three weeks (June 8rd to 28rd, 1902), 
the flow on to the filter was still further increased by opening the valves to their 
full extent; this raised the flow to something like 75 gallons per cube yard per 


* Possibly slightly under-estimated. 
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94 hours. During this time the distribution pipes had to be cleaned out four times 
a week and the effluent flint tank once a week, thus greatly increasing the labour 


required at the works. 


Two samples of unsettled and two of final effluent were examined during the first 
experiment, and one of each during the second, with the following results :— 

















Unsettled Effluents. Final Effluents. 
Expt. (a). Expt. (0). Expt. ian Expt. (0). 
Parts per 100,000 | No. 40. No. 42. No. 44. No. 41. No. 43. No, 465, 
Drawn Drawn Drawn Drawn Tite 
Mon. May | Tuesday Drawn | Mon. May | Tues. June A och pores 
26th, 1902. | June 3rd. | June 23rd. | 26th, 1902. | 3rd, 1902. |o4.4° 4999. 
12.50 noon.|12.15 noon.) Analysed | 1.45 p.m. |12.20 noon.| “97 40°04 
| Analysed | Analysed | June 24th.| Analysed | Analysed | 5°% darn. 
May 27th. | June 4th. May 27th. | June 4th. 
Ammoniacal Nitrogen - - : 9°37 6°21 10:23 9°71 6°42 9°88 
Albuminoid Nitrogen - 0:57 0-79 0-79 0°40 I 0°42 0°65 
Nitrous Nitrogen 0:98 0°82 1:01 0°63 0:72 0:96 
*Nitric Nitrogen - 4:94 4-61 4:10 4:68 3°80 3:94 
Total Nitrogen - 16:23 12:38 15°93 15:85 1219 15:54 
“ Oxygen absorbed” at 27° C at once. 2:34 2:04 3:05 1:89 1:83 2-78 
» r », m4hours, 7-40 6°64 740 5-48 4-76 756 
Incubator Test (Scudder) - - | Slightly— + + Pract. + 4 . 
Incubator Test (by smell) - ~ - 2k <5 ais zs a a 
Smell when drawn - = Si: 
Smell when analysed - - ae ak a ste +. ne 
Chlorine. - - - 10-70 7:92 10-70 10-40 6:90 10°32 
Solids in Suspension - 7-20 5:80 7:80 1:70 0:80 8:50 — 
Solids by Centrifuge (vols.)- -! 91:0 84:0 93-0 40-0 20-0 105-0 
Ratio of Solids in Suspension to | : 
Centrifuge Solids - - -| 1:126 | 1:145 | 1:119 | 1:235 | 1:250 | 1:124 © 











All these effluents were brown or yellow in colour (the colour deeper than before 
the extra flow) and turbid from more or less suspended matter, but they all had a clean 
smell when analysed and probably also when drawn (this was only noted in one case). 
These experimental effluents were as well nitrated as the last three of the ordinary chance 
samples of final effluent, and they all withstood incubation. There was a distinct rise in 
the figures for suspended solids and for “‘ oxygen absorbed” from permanganate in the 
three unsettled effluents, and this was also very marked in the last sample of final 
effluent. Bacteriologically, the effluent showed some signs of deterioration during the 
first experiment, but not to the extent that might have been anticipated. In the second 
experiment the bacteriological results were no longer good. . 





* The figures for Nitric Nitrogen are only to be taken as correct to within one or two tenths of a part. 
t Done on May 29th,/ ; 
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Degree of Nitrification in the Eifluents from the various filter trays. — A single 
experiment, carried out for the purpose of ascertaining the degree of nitrification in the 
effluents from the various filter traysat Caterham, wasmadein April 1902. It lasted two days, 
and consisted in simply collecting samples of the liquid falling from each successive filter 
tray by means of a specially constructed shallow scoop one foot in diameter, which was 
placed under the centre of each tray and left there for twenty minutes. When the scoop 
was withdrawn, the liquid which had collected in it was immediately analysed for nitric 
and nitrous nitrogen, part of each sample being despatched at the same time for 
bacteriological analysis the next day. 


The estimations gave the following figures :— 





Nitrate Nitrogen | Nitrite Nitrogen 


Se nel in parts per in parts per 
100,000. 100,000. 
Tray No.1 (Top) - =  - ==>: 9) BEND pane neo/ai0e 1-4 0-78 
‘mye Mpa os - - - - - - 2.30 p.m., 29/4/02. 2:0 1:17 
so as eas Sor Tse ee = - $3.30 p.m., 30/4/02. 2°25 0:93 
by ks ee : : - ; - - 4 p.m., 30/4/02. 2°5 1:05 
ass) FO ae yes - + 430 p.m., 30/4/02. 2°5 1:17 
pny Oo ne ; : - ' Aime - 5 p.m., 30/4/02. 35 0°62 
3) apy fal DOLLOIR) =e “a> a be = ae : 6 p.m., 30/4/02. 55 1:05 


The bacteriological analysis gave the following results :— 


The Nitroso bacteria were very numerous in the effluents from trays 4, 5, 6 and 7. 
Further, the washings from the coke taken from the bottom tray of a second filter 
(filter A) also contained Nitrite-producing bacteria in great abundance. 


Although the conditions of experiment were not strictly comparative, the result shows 
clearly that nitrification commenced in the Caterham Barracks filters in the uppermost 
tray, and the chemical results may, therefore, be used as an argument against complete 
acceptance, without further experimental proof, of the Zone theory of bacterial action in 
filters. 


SUMMARY. 


The sewage from the Caterham barracks is exceptionally strong, about twice as strong as 
an average sewage in ammonia and in oxidizable matter as measured by the 4 hours 
‘oxygen absorbed ” test, but in the matter of suspended solids it is only slightly above 
the average. The great strength is due to its being a barracks sewage, to the low con- 
sumption of water per head, to the latrine system, and to the fact of very little subsoil 
water gaining access to the sewers. 


The flow of sewage during the day is subject to extreme variations, a result of the 
small total volume of sewage, combined with the steep gradient of the main sewer and the 
latrine system, ; at night the flow is very small. Since the sewerage system receives the 
roof water, the volume increases largely while rain is actually falling. 


The provision for grit settlement is good, provided the grit channel is emptied 
frequently. On the present system, however, of only cleaning it out very occasionally, large 
quantities of grit and other suspended solids find their way into the septic tank. Owing 
to the fresh condition of the sewage, the grit channel becomes filled very quickly. In 
such a case it is desirable that the construction should allow of a grit tank or channel 
being emptied easily and rapidly, otherwise the capacity of the septic tank suffers. At 
Caterham the emptying bas to be done by manual labour, which is necessarily slow. 
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The valve of the primary septic tank (which is 9 feet 6 inches deep) is only 
2 feet from the top, and the capacity of the tank relatively to the flow of sewage is very 
small, owing to the practically permanent accumulation of very dense sludge below the 
2-foot level. The result is that very little settlement of suspended solids takes place in 
the primary tank. 


In regard to the “ cultivation” tank, which is filled with flints, there can be no doubt as 
to the highly septic condition of the liquid which emerges from it. On the other hand, it 
effects a very poor settlement of the suspended solids of the sewage, partly because its 
capacity is reduced by the flints, but mainly because it rapidly becomes clogged and the 
liquor then takes short cuts through it. The hourly samples of this tank hquor which 
passed on to the field contained 25 parts of suspended solids, and the hourly samples of 
the tank liquor treated on the filters 12°6 parts. The cultivation tank is sludged at 
intervals of about three months, by opening the valve at the bottom and allowing the 
sludge to flow on to the land, but this does not of course clear out all the solid matter. 


Two-thirds of the liquor from the cultivation tank is passed directly on to the land. 
The remaining third, which is treated on the filters, though containing much less 
suspended matter than the field tank liquor, still has a great deal, and the liquor itself is 
an abnormally strong one, especially as regards ammonia. It also contains a very large 
number of bacteria. 


The intermittent distribution on to the filters is very good, the average length of time 
between two discharges being twenty minutes. The small holes in the distributing pipes 
are, however, very apt to clog, and they require thorough brushing and pricking out at 
least twice a week. Less labour would of course be wanted here if a better clarified liquid 
were being dealt with. This method of distribution has the advantage of being practically 
independent of the rate of flow. 


The filters are unique and their action is of great interest from a theoretical as well as 
from a practical point of view. Each filter consist of seven trays, which are filled with coke 
of different sizes, the aggregate thickness of the filtering medium being only five feet ; 
between every two trays there is an air space, this construction ensuring a very thorough 
aeration of the liquid to be purified. The good aeration is evidenced by the high degree 
of nitration of the resulting effluent, the oxidizing process being carried out in such a way 
that there is only a comparatively slight actual loss of the nitrogen of the tank liquor as 
gaseous nitrogen.* ‘The determinations made, on the spot, of the amounts of nitrite and 
nitrate in the fractional effluents examined from the various trays, showed that the pro- 
cess of nitrate formation began in the first tray and continued as the liquid descended. + 
Each of the tray filtrates was found to contain a very considerable quantity of nitrite, and 
the fact that the final tray effluent had as much as about one part per 100,000 of nitrous 
nitrogen in solution showed that nitrite was being produced faster than it could be com- 
pletely oxidized by the nitro-bacteria present. The oxidation was thus not carried to its 
extreme, mainly because of the great ammoniacal strength of the liquid. This was in 
fact found to be more or less the case in all the effluents examined from Caterham. 


As regards their character, the unsettled and the final effluents may be considered 
together, practically the only difference between them being the presence of some very 
flocculent suspended matter (probably averaging about 4 parts per 100,000) in the former. 
This matter is well removed by the effluent flint tank, the final effluent being very free 
from matter in suspension. These effluents were marked by their high degree of 
nitration. They were inoffensive as regards smell and they always contained—even 
the later experimental samples—much more than sufficient nitrate to prevent 
putrescence upon incubation. In this respect, therefore, they were satisfactory. 
But, on the other hand, they were capable of taking up considerable quantities of dissolved 
oxygen from water, though this absorption was no doubt mainly due to the suspended 
solids which they contained. Taken all over, they may be termed effluents of fair quality. 





* This raises a point of great interest. The presence of the large quantities of nitrite which are 
found in the Caterham effluents tends to throw doubt on the theory that the loss of nitrogen from biological 
filters, as gaseous nitrogen, is due to the formation and subsequent decomposition of ammonium nitrite into 
nitrogen and water. 


t—cf. Rideal, loc. cit. 
6225.—App. III. 
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The analyses show that the oxidation had not been carried quite far enough to produce 
an effluent of high class ; but, in offering this criticism, the fact has to be borne in mind 
that the septic tank liquor treated is one of exceptional strength. The results obtained 
by the filtration of this liquid through an aggregate thickness of only 5 feet of filtering 
material could only be achieved by very efficient distribution and aeration. On a per- 
centage basis of comparison with the tank liquor and the sewage, the effluents (unsettled 
and final) were remarkably good bacteriologically, but they still contained a large number 


of intestinal microbes. 


The strength and character of the sewage at Caterham barracks is such as to render it 
peculiarly liable to give rise to nuisance. At the sewage outfall there is practically always 
some smell, but very little from either the covered grit channel or the cultivation tank, in 
the ordinary course of working. When the grit channel is cleaned out, however, the 
smell is very offensive indeed, and the same applies to the sludging of the cultivation 
tank, and—in a lesser degree—to the sludging of the septic tank. There are, however, 
no houses in the vicinity. No nuisance is produced by the sludging of the effluent flint 


tank. 


We should like, in conclusion, to express our thanks to Mr. M. Tampling, who has 
charge of the installation, for all the help which he has given us in connection with our 
work at Caterham. . 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 








APPENDIX  B. 


CATERHAM 


Results of the Bacteriological Hxamination 


afi 


CRUDE SEWAGE. 
TANK LIQUOR. 

SEMI-FINAL (i. unsettled) EFFLUENT. 
FINAL EFFLUENT. 

I.FFLUENTS FROM THE VARIOUS TRAYS. 
SLUDGE. 





CONTENTS. 
TABLE OF RESULTS. 
SumMMARY oF RESULTS. 
GENERAL REMARKS. 


ADDENDUM.—NUMBER OF NITRITE-PRODUCING BACTERIA IN THE EFFLUENTS 


AND “ WASHINGS” FROM THE COKE. 


A. C. HOUSTON. 
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CATERHAM BARRACKS, 


ReEsutts of the Bacteriological Examination of Caterham Crude Sewage, Tank Liquor, and Effluents. 























































































































— 
1 : 
Chief | 
ters of 
Description of the Sample, Number of B. Coli (or closely sel 
; r RCs 
Bile Salt Broth Test. Lact ose Pey tone Milk Test. (Priiard best cet a es Gs nou 
a A.=Acid; G. = Gas. A. = Acid; C. = Clot; G. = Gas. at 37° C.) and subsequent Gas. II 
| surface gelatine plate method). |: 3S 
Time of Collection. g 2 
| — Por 
, ars 
No. Other Details. 1 | 10 | 100 1,00v] 10,000] 100,000; 1 | 10 } 100} 1,090} 10,000] 100,000} 1 | 10 | 100 | 1,000] 10,0001 100,000 ere, 
eles SS -.- S ee  S SS eS eo 
Hour. | @| 2/8 1 | ‘L| OL GOL | 0001 | wvul ] 1 | “1 | 01] -001 | “0001 | 0.001} 1 | -1 | -01| -001 | -0001 | -o0001 |= B 
als |> C.C.| C.C.) CC. €C.} CC. | CC. | C.r.] CC.) c.c.] C.c.] ce. | ¢.c. | e.c.{ c.c.| ce] cc. | cc. ce. 33 | 
| . 
] 
| em LG. A.G.C. | 
I. |1lp.m. to|14-16 4 |Jyl2) Caterham.—Sewage every ari. 3 | ae 
12 noon. hour and according to flow. 
| | A.@. A.G.C. 
I, | 1 p.m.to}|16-18 ,,| ,, | Caterham Barracks.—Crude = “ 
1Z noon. sewage every hour ard 
according to rate of flow. 
AG. 
I. |1p.m.to|18-20) ,,| ,, | Caterham Barracks.—Crude — | 
12 noon. sewage, sample every hour | 
and according to flow. 
Complete. | 
I A.G, | 
I. | 1 p.m. to}20-21) ,,| ,, | Caterham Barracks.—Crude re | 
12 noon. sewage, every hour and | 
according to flow, | 
19 | 12) ,, | Caterham.—Tank liquor.** + 
B. jlp.m. -| 22] 4] ,, | Caterham.-Tank liquor as 
it goes on to filter. 
Cy LIS pms... » | 4 | Caterham —Overflow from 
tauk very foul. 
A.Q, A.G.C. 
Il. |1p.m. to |14-16) ,,| ,, | Caterham.—Tank liquor, a | + 
12 noon. | equal quantities every 
hour. 
A.@, A.G.C. 
II'. |1p.m.to| ,, » | | Caterham. — Tank liquor, et + 
12 noon. every hour and according 
to flow of sewage. 
A.G. A.G.C. 
II.* | 1 p.m. to |16-1§) ,,| ,, | Caterham Barracks.—Tank + Ge 
12 noon. liquor going on to filter, 
equal quantities every 
hour, 
A.G A.G.C 
II. | 1 p.m. to|_,, » | » | Caterham Barracks.— Tank ue + 
12 noon. liquor going on to fied, 
every hour and according 
to rate of flow of sewage. 
AG. 
1.9] Jp.m. to|18-2| ,,| ,, | Caterham Barracks.—Tank ft 
12 noon, liquor going into filter, 
equal quantities every 
hour. 
A.G, A.G.C, 
III. Pm. to ” » | 4 | Caterham Barracks.—Tank ae + — 
-oon. liquor going on to field, 
sample every hour and 
according to fluw of 
sewage. 
II. | 1 p.m. to |20-21 ; 5; AG. 
. p.m. » | » | Caterham Barrac} s.—Tank + 
12 noon. liquor (filter), every hour 
in equal quantities, 
! 
Ill. |1p.m.to|} , | | ,,| Caterham Barracke.—Tank oe 
12 noon. liquor (field), every hour 
and according to rate of 
flow. 
106A | 11.5 a.m 28 | 2/1902] © : A.G. A.G., 
Balms TiEs "| Caterham. — Tank liquor, fe + + + 
chance sample, 
65 18 | 1 |1903} Caterham.—Tank liquor, + - + 
7 | 110p.m.| 10] ,, |t904) Caterham.—Semi-final effin. 
| Pe tony trays before flint | 
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CATERHAM BARRACKS. 


ReEsutts of the Bacteriological Examination of Caterham Crude Sewage, Tank Liquor, and Effluents. 




















| 

| | 

8 
b. Enteritidis Sporogenes Test. 

Indol Test. Spores of b, enteritidis ; 5 “Gas” Test. Neutral-red Broth Test. 
dol in broth cultures dir ct | ®POTovenes (Klein’s “ enteritidis “Gas production in gelatine Greenish-yeliow fluorescence, 
(5 days at 37° C). change” in anzrobic milk “shake” cultures, 24 hours at 48 hours at 87° CU. 
cultures), Cultures heated to | 20° C. 
80° C. for 10 minutes. REMARK, 





10 | 100} 1,000} 10,00} 100,00] 1 | 1 | 100} 1,000} 10,000] 100,000] 1 | 10 | 100} 1,060} 10,000] 100,000} 1 | 10 | 100 | 1,000} 10,000} 100,000 


“1 | 01 | *CO1 | *0001 | C0001 | 1 | “1 | “Ol | °001 | -0001 | 00001} 1 | ‘1 | *O1} “LOL | “0001 | °00001) 1 | *1 | -01 } *001} -9001 | -00001 





























eCC.C-1C.C. | Cees I c.C. |)€.C.) O.C.17C.€.) C.C, || C.c. c.c. | c.c.| c.c.| C.c.] cc. | c.c. | c.c. | c.e.| c.c.} 0c.) ee | c.c. C.c. 
= 
a oe a 
t _ + 
+] — + 
+ — + 
a +#*Gelatine at 20° C. 
8,100,000 {| Microbes. 
Agar at 37° C per c.c.. 
640,000 
+f — + 
+/ — + 
mutt Vo oe + 
+i — + 
sal Gos + | I1.* was an average sample, but’ 
the 8, 4 and 5 p.m. hourly sam--- 
ples, 16/4/02, were missing. 
+ — + 
+ : + IL.4] was an average sample, but’ — 
the 4 p.m. 18th to 7 a.m. 19th 
(inclusive) hourly samples were 
missing. 
ce = + III.+ hourly samples, 4 p.m. 18th 
to 6a.m. 19th, missing (other:— 
wise an average sample),. 
8 es + 
+) — + 
ote + _ + | {June 8 to 23/02 Nearly three” 
times the usual flow was being 
treated.) 
a se 
+} — + _ 
er pa | 
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Results ot the Bacteriological Examination of Caterham Crude Sewage, Tank Liquor, and Effluents—contina 











Description of the Sample. Number of B. Coli (or closely Colt 





; 4 3 z r ber 
; ; allied forms) in 1 c.c. ees 

Bile Salt Broth Test. * Pape nba seg (Primary broth cultures (48 hours acre 

ee A. =Acid; G. = Gas. ce Cn eh a Tele : at 37° C.) and subsequent Gas. [Indi 


surface gelatine } late method). 














ie = meg 

Time of Collection. 2e 2s 
SGU RAR Gs Giccs 

Sl Other Details. 1 | 10 | 100 1,000 10,000} 100,000} 1 | 10 | 100 | 1,090} 10,000| 160,000} 1 | 10 | 100 | 1,000] 10,000] 100,000 a o4 
‘ _— a | | | | ee ee | eee | ef —-| SOR ¢ 

Sig a a as 

H >| eB] si 1 | ‘1 | OL 001 | “C001 | 00001 | 1 | 1 | -01 | -001 | -0001 | -oco01 | 1 | -1 | -07 | -001 | -o001 | -coour |= BS: 

=: § ar | C.C.| C.C.) CC. CC.) CC. | C.C. | CC.) C.C.) C.C.] C.c.} c.c. | c.e. | e.c.! cc.) cc] ec. | cc. ce. lon | £3 

= | ee | Se 















| 
| 


1V. | 1 p.m. to /l4-1€] 4 |1902 Caterham.—Semi-final eftlu- 


12 noon, ent, equal quantities every | 
hour. 
IV.§ | 1 p.m. to /16-15] ,, , Caterham Barracks.—Semi- 
12 noon, final effluent, equal quan- 


tities every hour. 


IV.|! | 1 p.m. to |18-20] ,, » Caterham Barracks.—Semi 
12 noon. final effluent, equal quan- 
tities every hour. 








IV. | 1 p.m. to |20-21] ,, » Caterham Barraeks.—Semi- 
12 noon. final effluent, equal quan- 
tities every hour, 





4. |3.15p.m.| 28 es » Caterham Barracks —Semi- | 
fin] effluent, chance sam- 
ple, to correspond with 
final. 





IV | 10.30a.m.| 29 » | » Caterham Barracks.—Semi- 
final effluent, chance sa u- | 


ple. 


| 











I 10am. | 30 " » Caterham Barracks. — Semi- 
: final effluent, to corres- 
pond with final. 








Y. | 10.30a.m.) 1 5 | , Caterham Barracks. —Semi- 


| final effluent, chance sam- 
ple. 


i, |12.50p.m.] 26] ,, | , Caterham —Semi-final efflu- | 


ent. 


42, |{2.15noon| 3 6 | ,, Caterham.—Semi-final eftlu- 
ent, chance sample. 





I 2 p.m, 23] , | ,, Caterham Barracks.—Semi- 
final effluent, chance sam- 


ple. 








660 18} 1 |1904 Coterhage—Seleianal efflu- 
ent. 


19 | 12 /1901 Caterham.—Drainin ss from 
last flint filter.§s 














*$ | 1pm. -| 10} 1 |1902 Caterham.—Final — effluent 
after fliut bed 





AA, {1240 p.m.} 22] ,. | ,, Caterham.—Final effluent - 





V.. | 1 p.m. to |14-16] 4 | |, Caterham.—Final _ effluent 
12 noon, , equal quantities every 
| hour. 
| 
Ni pe. GO) na » | 4 , Caterham Barracks.—Final 


12 noon, 


eftluent, equal quantities 
hourly. 





W. | 1pm. to /20-21) ,, | ,, | Caterham Barracks. — Final 
12 noon. effluent, equal quantities 
; every hour. 








I. | 5.15p.m.| 28] ,,| ,, | Caterham Barracks. — Final 
effluent, chance sample, 
corresponds with  semi- 


final, 


¥, }10.30a.m.| 29] ,,| ,, | Caterham Barracks, — Fir al 
effluent, chance sample. 





WI. | Lam. | 80] ,,/|+,, | Caterham Barracks -- Final 
effluent to correspond with 


semi-final, 1 hour after, 





TI, | 10.30a.m.} 1 5 | ,, | Caterham Barraeks. — Final] 
effluent, chance sample 
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ts of the Bacteriological Examination of Caterham Crude Sewage, Tank Liquor, and 











Effluents—continued. 













B. Enteritidis Sporogenes Test. 
Spores of B. enteritidis 
sporogenes (Klein’s “ enteritidis 
change” in anerobic milk 
cultures). Cultures heated to 
80° C. for 10 minutes. 







Neutral-red Broth Tes-. 
Greenish-yellow fluorescence 
48 hours at 37° C. 


“Gas” Test. 
“Gas” production in gelatine 
“shake” cultures, 24 hours at 
20° C. 


Indol Test. 
lin broth cultures direct 
(5 days at 87° C). 
































1: | 100 | 1,000} 10,000} 100,000] 1 | 10 | 100 | 1,000} 10,000} 100,000} 1 | 10 | 100 } 1,000} 10,000) =00,000 
1 | 1 | -01 | -001 | -0001 | -oo0014 1 | -1 | -01} 002 | -0001 | -o0001} 1 | -1] -01| -001| -0001| #0001 
CC.) 6.0.1 C0.) Ce, c.c. cc. C.C.| C.C.| C.C.} C.C. c.c. c.c. C.C.} C.C.} C.C,| €.C. | C.C. 2.C. 
| 
+ — “1 Mier eu ty te ee | l= 
a ees ale wees te lta + —_— 
=p at cr | hee abe + — 
+) — +] - +] —- +} — 
+] —- +] — +}|— +] — 
Cain ies 2 # ies 5 | trios 
i ar fhe <P = =p |) = 
ge ii = +a ap |e op le 
a8 = +4] == +|— + 
+ ao |) == +] — Se 
t af) es +} — +f 
+ — 
+ 
ap ia = oP |e Seis 
+} — +) — sell = 
+ | — +4 — se |e ep 
geil == ad ap [pe ats = 
! 
+ ar ap || = | te 
ies +} — +)— + = 
apt eS +|— — 24a 
aon) a aos +] — or he 
+] - +] — — +] — 





REMARK. 





IV.§ was an average sample, but 
the 3, 4 and 5 p.m. hourly sam- 
ples, 16/4/02, were missing. 


IV.|| samples, 4 p.m. 18th to 7 
a.m. 19th, missing (otherwise: 
an average sample). 


Note by Dr. McGowan (June 8/02)= 
“For the last month the filter 
has been treating about double - 
the amount of tank liyuor that 
it did formerly.” 

[Double flow, May 2 to June 3/02). - 


§§Gelatine at 20° C. 
1,300,900 
g§gAgar at 37° C. 
87,000 


Microbes 
per c.c. 


VY. was an average sample, but: 
the 3 4 and 5 p.m. hourly sam- 
ples, 16/4/92, were missing. 


o 
. 
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Results of the Bacteriological Examination of Caterham Crude Sewage, Tank Liquor, and Effluents—continy 








2 ; | < 
l 






















































































22 | \ Cuiet Bio. 
ters of th 
Description of the Sample. x ee Me Seely reer 3 
4 : n C. 
Bile Salt Hoth Test rt ne zens en sepa (Primary broth cultures (48 hours na 
A. =Acid; G. = Gas. : say Dive : at 37° C.) and subsequent Gas. {Ina 
surface gelatine plate method). |: + a 
o mn 
Time of Collection. “Sai | go 
——_—_--— ———;—_———82| 38 
No. Other Details. 1 | 10 | 100 1,000; 10,000] 100,000} 1 | 10 | 100] 1,090] 10,000} 100,000; 1 | 10 | 100 | 1,000] 10,000] 100,000 aps 3. 
—_— _]$|— | | | ee ae eae On| cs 
Hour iS S a : 1 | 1 | -01' -001 | -0001 | “00001 | 1 | *1 | 01} -001 | 0002 | 06001 | 1 | <1 | -01| -001 | -0001} -oo01 |S 8 | 3: 
4 S x c.c.|c.c.| c.c.' ¢.c. | 6c. | ¢.c. | 'C.c.} €.6.1'C.C.] Cc.) @.e. |) Go. -|'€.c.} c.c.| c.c | cc. | Cc. C.c. 83 ay 
~— 
‘3 Ss tl ee ee Soe ee 
; A.G. A.G.C. 
Il. |1.45p.m.| 26] 5 |1902) Caterham.—Final effluent. qe + —_ = 
A.G. A.G.C. 
43. |12.20n00n| 3]! 6] ,, | Caterham. — Final effluent, +) — ap = + 
chance sample. 
: A.G. 4.G.0 
Il. |2.5p.m.} 23] ,,| ,,| Caterham Barracks. — Final + + = = 
effluent, chance sample 
A.G. A.G.C. 
3106B /11.80 a.m.| ,, 2 |1903| Caterham.—Final effluent + _— + — + 
661 18] 1 |1903) Caterham.—Final effluent fe 
I, 2p.m. 29 4 11902) Caterham Barracks.—Efflu- 
ent from Tray I. 
II. |2.30p.m.] ,, » | » | Caterham Barracks. — Effiu- 
ent from Tray II. 
III. | 3.30p.m.] ,, » | » | Caterham Barracks. — Effiu- 
ent from Tray IIT. 
A.G. 
III. |} 3p.m. 30} 5 | » | Caterham Barracks. — Efflu- + — 
ent from Tray No. IV. ° 
{ A.G. 
IV. |3.40p.m./} ,, » | » | Caterham Barracks. —Efilu- + 
ent from Tray No. V. 
A.G 
Vi|)4-30 pana 55 » | » | Caterham Barracks. — Efflu- + — 
ent from Tray No. VI. 
: AG. 
VI. |5.45p.m.] ,, » | » | Caterham Barracks. —Efflu- + _ 
ent from Tray No. VII. 
Sy 0 3 | 6 1902) Caterham.—Sample of sludge + ‘0001 c.c. + *000901 c.c. + ‘0000001 c.c. + + 
4, D. * » | 5, | Caterham.—Sample of sludge + °000001 c.c. + ‘000001 c.c. + Sh + 
5. E. 5 » | » | Caterham.—Sample of sludge + ‘0001 c.c. + ‘0001 c.c. a — + + 
8. F. 3 » | 5 | Caterham.—Sample of sludge + °000001 ¢.c. + *08001 c.c. a = Ge + 
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ts of the Bacteriological Examination of Caterham Crude Sewage, Tank Liquor, and Effluents—continued. 














B, Enteritidis Sporogenes Test. 


Spores of B. enteritidis “Gas” Test. Neutral-red Broth Test. 
Indol Test. para, 7 ” -yell fluorescence 
sporogenes (Klein’s “ enteritidis | “Gas roduction in gelatine Greenish-yellow 8 " 
_ Beater. direct change” som anrrobic milk e shake» cultures, 24 hours at 48 hours at 37° C. 
y i cultures). Cultures heated to 20° C. REMARKS, 


80° C. for 10 minutes. 





100 | 1,000} 10,000} 100,000) 1 | 10 | 100 | 1,000] 10,000] 100,000] 1 | 10 | 100 | 1,000} 10,000} 100, 1 | 10 | 100 | 1,000} 10,000; 100,000 


Oi | °001 | °G001 | 00001 | 1 *O1 | 001 | “0001 | 00001 |} 1 | 1 | °O1| °001 | ‘0001 | 00001} 1 | ‘1 | 01 | °001 | -0001 | -00001 
f C-C-f C.-C. | C.Co | CLC. | C.C.) CC.) C.C.) CC. C.c. | C.c. | Cc.) C.C.| C.c.] C.c. | C.c. | C.c. | C.c.] C.c.| C.c.} C.c.} C.c. | CC. 





Notes by Mr. Frye, 


Sludge Samples :— 


g — — + -000001 c.e. No. 3. “C.”—* Sample of sludge 
go COONS 8-6 a taken from side valve of 
primary tank, 15 minutes af- 
ter valve was opened. Fefore 
putting this in sample bottle, 
some of the supernatant water 
wih thin mud was poured 
off.” 





+ ‘000001 c.c. No. 4. “D.”—“Sample of sludge 
from side valve, drawn 22 





minutes after valve was 
opened. The valve is opened 
about once in three months.” 


at _ No. 5. “ BE.” —“Sample of sludge 
taken from the bottom outlet 
sludge valve of the flint tank 
(below the filters). This sam- 
ple was drawn 3 minutes after 
the valve was opened.” 








+ — + _ | +} — + *000001 ¢.c. No. 6. “F.”—“ Sample of sludge 
from same source as No. 5, 
drawn 17 minutes after the 
| valve was opened. This low 
} valve is opened once in three 
months or so.” 
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CATERHAM. 





SUMMARY OF RESULTS. 
SEWAGE. 
4 Samples. 


The bile-salt glucose peptone, lactose peptone milk, and neutral-red broth tests yielded parallel 
results, namely, a positive result with zoqyop ©.¢., except one sample, examined by the bile-salt 


glucose peptone test, which yielded a positive result with 35355, but not with yoploap GC. 


Three out of the four samples yielded a positive result with ;j55 ¢.c. with the B. enteritidis 
sporogenes test. 


All four samples yielded “gas” in gelatine “shake” cultures within 24 hours at 20° C with 


100 CC. 





TANK Liquor. 
12 Samples. 


Practically speaking, all the samples that were tested yielded with the bile salt glucose 


peptone, lactose peptone milk, and neutral red broth tests a positive result with your CC. 


As regards the B. enteritidis sporogenes test, five samples yielded a positive results with 
reoo and seven with 524, c.c. 


Ten out of eleven samples yielded a positive result with the “gas” test (<gas” in gelatine 
“shake” cultures within 24 hours at 20° C) with =4, Ge. 








* Unless otherwise stated, the results are given as number of bacteria per c.c. of sample. 


N.B.—As regards the bile-salt glucose peptone, lactose peptone milk, B. coli, indol, and neutral red broth tests, 
it should be noted that the tests were not “ pushed” beyond ygaya5 ©.c. 
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FINAL AND SEMI-FINAL EFFLUENTS.* 
28 Samples. 


It is desirable to consider the results of the examination of the final and semi-final effluents 
together. The percentage reduction in the number of bacteria in the effluents as compared with 


the sewage was remarkable. 


Bile-Salt Glucose Peptone Test. 
22 Samples 


2 samples (about 9 per cent.) 100,000 (+ ‘00001 c.c.) 


2 a (about 9 per cent.) 10,000 (+ ‘0001 cc.) 
16 ts (about 73 per cent.) 1,000 (+ ‘001 c.c.) 
2 5 (about 9 per cent.) 100 (+ ‘01 c.c.) 


These results may be shown in a diagram (each dot represents 1 per cent. of the samples) 


as follows :— 


Bile-salt glucose peptone test. 


100,000 e@e@@ee@eeee about 9 per cent. 
10,000 @@@@@@O@e@ about 9 per cent. 
about 73 per cent. @OSOSOSOSOOOHCOOOCCOCCECCE 


1000368000000 0888 80SO0900888980GH000000608080900080608 


100 ©@@©GCC0G®@ about 9 per cent. 











* The final and semi-final effluents are considered together because they yielded fairly comparable results. 


6225.—App. III. N 2 
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CATERHAM FINAL AND SEMI-FINAL EFFLUENTS. 


LAcTosE PEPTONE MILK TEsT, 


20 Sainples. 


2 samples (about 10 per cent.) 100,000 (+ ‘00001 c.c.) 
6 samples (about 30 per cent.) 10,000 (+ ‘0001 cc.) 
8 samples (about 40 per cent.) 1,000 (+ ‘001 cc.) 


4 samples (about 20 per cent.) 100 (+ ‘OLsec) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) 


follows :— 


Lactose Peptone Milk Test 


100,000 @e@@@ee@@@e@e@ about 10 per cent. 
10.000 @@@CCORCOOCCCOCCOCCOCCCCCOEOE® 2boUt 30 per cent. 


1,000 866600000 008080080960008 0000008008000 00008 about 40 per cent 


100 S@@@CCSCCOCHCCECCCOCEY About 20 per cent. 
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CATERHAM FINAL AND SEMI-FINAL EFFLUENTS 


B. Cour TEst. 
25 Samples. 


3 samples (about 12 per cent.) 100,000 (+ ‘00001 cc.) 


ik we (about 28 per cent.) 10,000 (+ ‘0001 ec.) 
ol, (about 52 per cent.) 1,000 (+ 001 ce) 
aa)”; (about 8 per cent.) 100 (+ ‘Ol ce) 


These results may be shown in a diagram (each dot represents one per cent. of the samples), 


as follows :— 


B. coli test. 


100,000 @@@@@@CSGCCe@ about 12 per cence. - 


10,000 @@OOOOOOOSSSOO8OGSSGOOSSOOOSxbout 28 per cent. 


about 52 per cent. @@®@ 
1,000 @9@O 00000008000 006 608000608008 00008000800COOO0CCC8 


100 e@e@e@@eece@ about 8 per cent. 


As regards the biological characters of the B. coli or coli-like microbes isolated from the 
effluents, sixteen out of twenty-four (66 per cent.) were, on the basis of the tests employed, typical 


B. coli. 


|| 
i | 
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CATERHAM FINAL AND SEMI-FINAL EFFLUENTS. 
Inpou TEST. 
23 Samples 


8 samples (about 13 per cent.) 100,000 A + 00001 c.C.) 


4 " (about 17 per cent.) 10,000 (+ ‘0001 c.c.) 
14 . (about 60 per cent.) 1,000 (+ ‘001 cc.) 
2 3 (about 8 per cent.) 100 «(+ 01 c.c.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) 


tollows :— 


Indol Test. 


100,000 @@@@@@OGCOSGE about 13 per cent. 


10.000 C@@OCCOOCCOSEOSCO® 17 per cent. 


about 60 per cent. C©@OSOOSOOO6 


1,000 ©08000000000000000090000000008690096G6008088599000 


100 e@@e@e@eGe about 8 per cent. 
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CATERHAM FINAL AND SEMI-FINAL EFFLUENTS. 4 


B. Enreritipis SPOROGENES TEST. 


27 Samples. 


1 sample (about 3 per cent.) 1000 (+ :001 c.c.) 
20 ,, (about 74 per cent ) 100(+ ‘01 cc.) 


6 , (about 22 per cent.) 10 Cte lec) 


These results may be shown in a diagram (each dot represents one per cent. of the samples 


as follows :-— 


B. Enteritidis Sporogenes Test 


1000 @@@ about 3 per cent. 
about 74 per cent. @@@@00008000000000000008 


100 060806 8SSGO8S08O898H8OSSHSO89H8S900980090088S00008 


10 @8@@CSO0GG8O6900R28G0000C8 about 22 per cent. 


“ Gas” test (“gas” in gelatine shake cultures within 24 hours at 20° C.) 
25 Samples. 


About half the samples yielded a positive result with 1 c.c., but a negative result with ‘1 c.c. 
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CATERHAM FINAL AND SEMI-FINAL EFFLUENTS. 


NeuTRAL Rep Brots TEST. 


25 Samples. 


4 samples (about 16 per cent.) 100,000 (+ 00001 cc.) 


7, (about 28 per cent.) 10,000 (+ -0001 cc.) 


13 i (about 52 per cent.) 1,000 (+ ‘001 cc.) 
1 5; (about 4 per cent.) 100-( + 0 iicie) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) 


as follows :— 
Neutral Red Broth Test. 


100,000 e@eeeeeeeeoeoeeoe®@ about 16 per cent. 


10,000 @0@@0©0@00006608860000080980868669 about 28 per cent. 


@@e@6@@ about 52 per cent. 
1,000 ©8000 006060 0698086660000 00890890888000080808808 


100 @@@@ about 4 per cent. 


EFFLUENTS FROM SEPARATE TRAYS AND SAMPLES OF SLUDGE. 


A few of the effluents trom the separate trays, and also a few samples of sludge, were 


examined bacteriologically (for results, see General Table.) 


‘ 


In Diagram E. the results of the bacteriological examimation ot the final and semi-final 


effluents are brought together for comparative purposes. 


‘uopuo7 oy qi]. pay weyeig F42//9M ‘60° 0/ 98tS 
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GENERAL REMARKS. 


On a percentage basis of comparison the effluents were undeniably good, bacteriologically. 


Thus, whilst. practically all the samples of sewage and tank liquor yielded positive results with 
‘00001 c.c. (100,000 per c.c.) with the bile-salt glucose peptone, lactose peptone milk, B. coli, indol 
and neutral red broth tests, the percentage number of samples of effluent yielding negative results 
with ‘0001 c.c. (10,000 per c.c.) with the same tests, taken in. the same order, was as follows :—82, 


61, 61, 69 and 56 per cent. 

As pens the B. enteritidis sporogenes test, whereas 8 out of 11 (about 76 per cent.) of the 
samples of sewage and tank liquor yielded positive results with ‘001 c.c. (1000 per c.c.), 96 per cent. 
of the effluents yielded negative results with a similar quantity of liquid. 

On the other hand, it must not. be inferred that effluents, even where, as in the atl case, 


they show a high Sa degree of purification, are, unless the actual results are likewise satis- 
factory, in a fit state to be discharged into drinking water streams. 


ADDENDUM. 


NUMBER OF NITRITE PRODUCING BACTERIA IN THE CATERHAM 
EFFLUENTS AND “WASHINGS” FROM THE COKE. 


A series of tubes containing sterile ammoniacal solution* were inoculated with fractional 
amounts of effluent and “washings” from the coke, and tested from time to time as regards 


nitrite production. 


The procedure was as follows :— 


EXPERIMENT I., May Ist, 1902. 


(a) Hight tubes (containing sterile ammoniacal solution) were inoculated severally with ,1, 


Too 1000? 10000> TOV00O 1000000 rovdoves, and LUVOOUDOT of a cubic centimetre 
of the effluent from Tray IV. 





(6) Ditto, effluent from Tray No. V. 
(c) Ditto, effluent from Tray No. VI. 
(d) Ditto, effluent from Tray No. VII. 


* Sodium carbonate, sodium phosphate, and ammonium chloride, of each 0°1 per cent. 
6225.—App. III. ra) 
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EXPERIMENT II., May 47H, 1904. 


111 grammes of coke from the bottom tray of filter A were placed in a sterile wide-mouthed 
stoppered bottle. 100cc. of sterile water were next added, and the bottle shaken for some time. 
After allowing the grosser particles to subside, 10 c.c. of the coke “washings” were added to 90 c.c 
of sterile water contained in a flask. From this flask further dilutions were made by the decimal 
mode of dilution. 1 ¢.c. from the various dilutions was added separately to tubes containing 


sterile ammoniacal solution. The tubes contained as the result to, th9, rey Teddy TaTTTT 
: ; , 

sootosm rads and youotooos Of a cubic centimetre of “ washings” of the coke (111 grammes 

coke + 100 c.c. water.) 


From time to time the tubes (incubated at 20° C.) were tested in the following manner — 

One c.c. was withdrawn by means of a sterile pipette, and added to 9 cc. of distilled water. 
Two drops of meta-phenylene-diamine were next added. The presence of nitrite was evidenced 
by a Bismarck brown colouration of the liquid. . 


The results are shown in the following tables :— 


EFFLUENT FROM Tray No. IV. 


(+ indicates presence of nitrite.) 























Date of Testing. | a | the | ties Be Tov Tosbova TeoveveD Teens sore 
10-5-02. - : - q — — — Se a ae 2a 
17-5-02. 3 - - + q — = = a — pb. 
24-5-02. - - - aE + =f ae Be aoe 4 = 
31-5-02. - - - + + at EE Ae ray ie ae 

slight 
6-6-0245. + ae + + + + + _ + eat 
15-6-02 - : - + + + + F + | + ha, 
26-6-02 pula Suits 3 + + + + F + + — 











EFFLUENT FROM TRay No. V. 

















Date of Testing. | to 1b | Toor Tvs00 T0000 rovsvoe «| 1sodemd || rood0s000 

c.Cc. c.c. c.c. c.c. c.c. c.c. c.c. c.c. 

10-5-02 - - - q veal oP | ri 12 = ae ras 
Presa 2 ee + ’ 2 % cy bre ia = 
PAD -OE os: wt Bye + ~ ~ ~ ay = a — 
31-5-02 SE ies oe fe + - ee + ee a ore 
6-6-02 - - - + 1 " vs of ee. =e — 
15-6-02%0 . 295 Sia + : + i + = = o 
26-6-02 Soe : ao rs ns + : aes! — =~ 
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EFFLUENT FRoM Tray No. VI. 





pumeereee Tie lortetiinatr lenin ) - se aetna) 30 hodicl! O 
Date of Testing. xe 187 100 redo resus rosters rovevors rovsboo00 
10 5-02 > = = t — — — —_ ss =, = 
17-5-02 = - - => q q prt = = es sa 
24-5-02 - - -| + | + a 7 t — — _— 
31-5-02 - - + + + + i 2 _ — 
6-6-02 : + + + “ - > _ — 
15-6-02 - - - 48 as 3 + af st q aa 
B06 -02 he =p es + + ie “ + + 2 








EFFLUENT rRoM Tray No. VII. 





Date of Testing. a “ 18 108 : robv roveo v rovdons roovenos Tavoretas 
10-502) 9 = Ei q — + + — — _ -- 
17-5-02 - - - + t — — — _ — ~ 
Sieben si ~ + + + _ — — =~ — 
31-5-02 - erm thee + + ~ t _ _ -- -- 

6-6-02, 4 ee - + + - + — ¢ + —_ 
15-6-02 oer AN: + + + + + + = J. 
26-6-02 Es + + + + + + + — 


“ WASHINGS” FROM COKE. - 








Date of Testing. a xb rats rye rue, stds areas pees 
10-5-02 - es — — -- — a — — — 
Wee we aes? q i Ma is Sait i Ast vot 

slight 
245002. b= + + i ? = == q = 
31-86-02 oft Ys «- + + + + _ — + - 
6-6-02 - - . +4 + + + _ = + — 
15-6-02 = - - + + + + + + “fF — 
26-6-02 3 . 3 a + + rt “ + “ = 








N.B.—The resu'ts indicate that the number of nitrite producing bacteria in the effluents from the various trays, and 
in “ washings” from the coke, was very grea’. 
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CHORLEY SEWAGE WORKS. 


(CorPorATION oF CHORLEY). 





é : - About 1 mile from Chorley. 


- Chemical precipitation and quies- 
cent subsidence, with continuous 
filtration through very fine ma- 
terial on the intermittent flush 
plan. 


1, Situation of works - - 
2. Method of treatment - " 2 


3. Population draining to works during obser- 
- -  - 27,000 (estimated average). 


vations - - = = 
4, Water supply in gallons per head and whence 
obtained - - - - > - - 21. From the Liverpool Corporation 
gathering grounds at Rivington 
—a fairly soft moorland water. 
5. Number of W.C.’s - - : - - - 6,000 
6. Sewerage system - - - - - - Combined. 
7. Average dry weather flow of sewage in gallons | 
per 24 hours” - : - - - = 900,000 
8. Gallons of sewage per head per day - - 33 
9. Character of the sewage - - - - Domestic sewage of average 
strength. * 
10. Period of observations - - - - November, 1902 to December, 1904. 
11, Age of filters ~. oy os) iste ee A bonita pyaar: 
12. Amount of storm water treated on filters dur- About twice the dry weather flow. 
ing observations - - - - - 
13. Total capacity of tanks in gallons - -  . 1,120,000 
14. Total area of filters in yards super - - 2,127 
15. Total cubic content of filters in yards cube - 2,127 
16. Nature of filtering material - : - - Gravel, polarite and sand. 
17. Gallons of tank liquor treated per yard super 
for 24 hours (all filters included) - - - 525 
18. Gallons of tank liquor treated per yard cube 
per 24 hours - i “ : - 525 
19. The final effluent is discharged into _ - - The River Yarrow, a river some- 


what polluted by discharges from 
manufactories, which joins the 
Douglas and flows with it to the 
Ribble. 


*In dry weather the sewage consists of the discharge from about 6,000 water closets, small quantities 
of liquor from a gas works, some condenser water from cotton mills, a fair quantity of subsoil water, and also 
the waters of a small stream called the Chor. In wet weather large quantities of road and brook water 
enter the sewers. 


FLOW OF SEWAGE. 


The access of roof and road water and also of the water of the river 
Chor to the sewers during rain results in their carrying large quantities of storm 
water at such times. The system is constructed to carry six dilutions to the works, 
but although this quantity arrives there in times of rain, the setting of the works storm 
over-flow results in the treatment, during ordinary wet weather, of not more than 
three times the dry weather flow at the outside. There are three storm over-flows 
on the system, one in the town and two on the main outfall sewer.’ Of the latter, 
One is situated just in front of the inverted syphons and the other at the outfall. The 
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Diagram F. 
DIAGRAMS SHOWING FLOW OF SEWAGE AT C HORLEY. 
AS FALLING OVER A WEIR 24 WIDE. 
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overflow placed close to the syphons carries any flow exceeding six dilutions to the 
original bed of the Chor, which also receives the storm water discharging from the 
town overflow. The works overflow is set lower than this. 


As will be seen below, we estimate the dry weather flow of sewage during 1903-4 
to have been 900,000 gallons per day. From daily records of the quantities actually 
treated in the tanks during those years, the average amount was approximately 
1,131,000 gallons per day. On the whole period, therefore, the increase of flow at 
the Chorley works due to rain was about 231,000 gallons per day, or25 per cent. of 
the dry weather flow. The greatest amount of sewage treated in one month during 
1903-4 was an average of 2,071,000 gallons per day in February, 1904, or a quantity 
exceeding twice the dry weather flow for 28 days The smallest quantity of sewage 
treated per month during the same years was an average of 930,000 gallons per day, 


In July, 1904. 


From July 26th, 1903, to May 31st, 1905, the storm overflow at the cemetery came 
into operation on 65 days and the works storm overflow on 189 days. 


Our flow measurements at Chorley were made in July and August, 1903. They 
extended over a period of three weeks. In a practically dry week during 
these measurements we found the average daily flow to be approximately 896,000 
gallons per 24 hours, and, allowing for a slight increase in the flow during 1904 
because of the increase in the population, we estimate that the average dry 
weather flow to the Chorley works during our observations was approximately 
900,000 vallons per day. If the sewage flow had been equivalent to the water supply 
alone, it would have amounted to only 567,000 gallons per day. In the dry week, 
just mentioned, the highest day’s flow of 932,000 gallons occurred on the Wednesday, 
and the lowest day’s flow of 853,000 gallons on the Thursday. Owing probably 
to the influx of the river Chor and of a considerable quantity of subsoil water, the 
sewave flow is of an even character. On five of the days in the dry week the 
variations were gradual from about one volume during the night to two volumes 
at two definite periods in the day, at about 2 p.m. and 7 or 8p.m. On the Wednesday, 
which is slaughtering day, the fluctuations were rather more marked ; and on the 
Sunday, at about one p.m., the greatest variation in flow of the week occurred. The 
average amount of sewage flowing to the tanks for treatment during the years 1903-4 


was 1,131,000 gallons. 
On Diagram F. are given some illustrations of the sewage flow at Chorley. 


Crude Sewage.—Six samples in all were examined chemically, viz., four hourly sets 
of 24 hours each, drawn according to rate of flow, one ordinary chance sample, and 
one sample of weakest night sewage. While the first 24 hours’ sample, No. 3,2014, 
was being drawn, in July, 1903, 0°31 inch of rain fell, and further sampling was 
postponed for a fortnight. This sample, although marked at the time as being rather 
dilute, did not differ very materially from the other three sets of hourly samples, Nos. 
32114, 32144 and 32174, drawn in August 1903, and it is therefore included with 
them here. The following figures were obtained :— 


No. 3204, 


. umber Weakest 
Parts per 100,000 Average. of Nicht 
Estimations. R 8 
ewage, 
Ammoniacal Nitrogen — - - - - - (3:24 to 443) 3:96 (4) 1:17 
Albuminod Nitrogen - - - -  - (0:90 to 1:07) 0:99 (4) 0-12 
Total Organic Nitrogen - . - - - (1:60 to 2:09) 1:91 (3) 
Oxidised Nitrogen - - - - - : 0:0 (4) 0:07 
Total Nitrogen - - - - +  - (5°78 to 6:46) 6-11 (3) 0°88 (?) 
«Oxygen absorbed” at 27° C. (80° F.) at once - (2°90 to 3:51) 3°09 (4) 0°61 
,j 53 6 * in 4 hours (11:42 to 13-99) 12:22 (4) 1:41 
Chlorine POR ORs-Oldr I al Gl -=hli(F:2R toi 9188) 8°69 (4) 
Solids in Suspension - - - -  - (226 to 46°5) 31:10 (4) 6-2 
Solids by Centrifuge (volumes) - - = - (129-0 to 2860) | 192-0 (4) 15.0 
ae gods in Suspensigy, to fioniri: \ (1:43 t01:82)| 1:64 (4) 1:25 
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A small quantity of rain fell during the three days when the second sets of 
hourly samples were being taken, viz., 0°18”, 0:03”, and 0:0”; so, upon the whole, the 
above hourly samples are probably slightly weaker than a true average for the 
month of August. On the other hand, the comparatively large quantity of suspended 
matter in No. 32114 indicates that the rain had washed some solids out of the sewers. 
All the sets of hourly samples were noted, on analysis, as having a sour sewage smell. 


The sewage is one of about average strength. 


No. 3204, the sample of weak night sewage, was probably also diluted a little by 
the rain of the preceding day. It had a slight sewage smell when drawn, but only a 
faint earthy one when it came to be analysed, and hence must have originally contained 
a little nitrate derived from subsoil water. 


The remaining chance sample of sewage, No. 3087, drawn in January, 1903, at 
7.30 p.m., was only about two-thirds of the strength of the hourly samples. 


Storm Water.—No. 3261 represents a sample of storm overflow discharge, drawn at 
3.10 p.m. on October 18th, 1903, after the storm overflow had been working for 15 
hours. It contained 1:82 parts total nitrogen and 10°2 parts of rather flocculent (and 
therefore, no doubt, sewage) solids, while the two “ oxygen absorbed” figures were 
1:22 and 5°52. The sample had a soapy smell when it came to be analysed, and 
became putrid and blackened on incubation. It would have been well had those solids 
been settled out before the liquid was discharged. 


Bacteriological Notes—As only one sample of crude sewage was examined 
bacteriologically, the results are included in the table dealing with precipitation liquor 
given in a later part of this report. It yielded positive results with 1/100,000 c¢.c. and 
1/100 c.c. with the neutral red broth and B. enteritidis sporogenes tests, respectively. 


SCREENS AND DETRITUS TANKS. 


Immediately on its arrival at the works, after passing the works storm overflow, 
the sewage passes through the single detritus tank,* which measures 42 feet by 4 feet 
and 4 feet deep, and has a capacity of 4,200 galions. The matter deposited in this 
tank consists chiefly of grit, especially in times of storm. It has been removed once a 
week during our observations by means of a chain pump, and given, with the 
screenings, to the tenant of the Corporation farm. From this tank the sewage passes 
a half-inch screen,* raked automatically by a water wheel, on its way to the 
precipitation tanks. | 


PRECIPITATION TANKS. 


Number - . 2 4 8. 

Size of each - - : z 90 feet by 48 feet. 

Average depth — - : - 5 feet 3 inches. 

Capacity ofeach - — - - 140,000 gallons. 

Total capacity — - - - 1,120,000 galions. 

Construction - - - Brick and cement, with a concrete 
bottom sloping towards the 
outlet end. 


Precipitant.—Sulphate of Alumina in various trade forms was formerly used; but 
a precipitant of a similar kind is now made at the works and has been in use during 
our observations. It is made by treating Bauxite with fairly strong crude sulphuric 
acid, and allowing the mixture to cool in moulds. It is put into the sewage channel . 
in the form of blocks. The average amount of precipitant used during 1903-4 was 
l3cwt. 8lbs. per day, equivalent to about nine grains per gallon of sewage. 





* The tank and screen have now been constructed in duplicate. 
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Working.- -The tanks are filled in rotation. When full, they are allowed to rest until 
the liquid standing in them is judged to be sufficiently clear to filter, and the 
supernatant liquid is then drawn off by means of floating arms. In dry weather the 
period of rest in the tanks varies from two to four hours. In wet weather the 
precipitated sewage settles more rapidly, and then, as a rule, it is not necessary to 
retain the liquid in the tanks for more than one hour. The sludge lying at the 
bottom of a tank is usually removed after the tank has been filled twice. 


Sludging.—After drawing off the supernatant liquid from a tank which contains 
enough sludge to necessitate its cleaning out, the sludge is allowed to oravitate to a 
sump and the tank is thoroughly cleaned out with squeegees. From the sump the 
sludge is raised by means of compressed air, lime being added at the same time to the 
sludge presses, and the mixture is then pressed into cake. The average amount of 
pressed cake produced per day during 1903-4 was 7 tons 12 cwt. 14lbs., and the 
average amount of lime used to produce this amount was 6ewt. 3qrs. 25lbs. The 
press water, which is very strongly alkaline with lime, passes back to the tanks. 
There has been no difficulty at Chorley in disposing of the pressed cake, for the 
neighbouring farmers take it practically all the year round, chiefly for use upon 
grass land. The Corporation originally charged them 1/- per load, but the demand has 
lately been great enough to raise the price to 1/6. 


Precipitation Liquor.—Four sets of hourly samples and six chance samples of 
precipitation liquor were examined chemically, the hourly sets—Nos. 32028, 3212s, 
3215z and 3218s—being drawn in equal quantities every hour, at the same times and 
under the same conditions as the four sets of hourly sewage samples. ‘They gave the 
following figures on analysis ; 


papeuee sere eee temerrerirat trl oe ert «so tei Ff ei ees ee 


ee 





Parts per 100,000. Average. Ms lessee 

Ammoniacal Nitrogen - - - - r +ru te (3110: to: 13°87) 3°64 (4) 
Albuminoid Nitrogen - - - : : x - (052 to 065) 0°57 | (4) 
Total Organic Nitrogen - - - : : - (082 to 0-96) 0:88 (3) 
NO i i tg ctes cick t Yu eh BOes: (401489) 470... 4 (3) 
‘Oxygen absorbed” at 27° C. (80° F.) at once - - (0°92 to 1:24) 0:98 | (4) 

9 3 ra * in 4 hours - - (395 to 5:20) 4°86 | (4) 
Chlorine -~— - = e x A A 5 4 - (750 to 10-74) 9:22 | (4) 
Solids in Suspension - - - . : : - (2:25 to 3°40) 2-89 | (4) 
Solids by Centrifuge (volumes) . - 2 : - (240 to 37:0) 30:8 e (4) 
Ratio of Solids in Suspension to Centrifuge Solids - - (1:83 t01:138) |1:108 (4) 








These sets of hourly samples, which had for the most part a somewhat sour 
smell when analysed, were thus wonderfully even in composition. They show 
that the precipitation effected at Chorley is excellent, and that the filters 
were, at that time, only dealing with a liquor of very moderate strength, on the 
average. As compared with the four sets of hourly sewage samples, we have the 
following reduction figures : 


F Calculated on :— Reduction. 


Albuminoid Nitrogen - - - : . . A a 42, per cent. 
Total Organic Nitrogen - - : . : : : 54 i. 
“ Oxygen Absorbed ® at once - a: ucue €bEy srry 68, 

Ms 3 in 4 hours - - : A : t x 60 4 
Solids in Suspension - - - : = : : : 91 e 
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The six chance samples examined chemically were Nos. 3046, 30884, 487, 3192, 
3331, 3407 and 3474. These were taken at all times of the year, in dry and in wet 
weather, and at hours varying between 10.30 a.m. and 8.15 pm. As was therefore to 
be expected, they varied greatly in strength, hence too much importance must not be 
attached to the average of their figures. The following results, among others, were 


obtained :— 





Parts per 100,000.| Average. Me inisise 
Total Nitrogen >, =) ive, ep Se me ed en at 4:97 (4) 
«Oxygen absorbed ” at 27°C. (80° F.) at once- = = - ~~: (0:39 to 1.9) 110 (6) 

: < peas in4&hours -  - — - (169 to 14:37) 5:50 (7) 
Solids in Suspension -~— - - - = - - - (1:84 to 2°66) 214 (3) 
Solids by Centrifuge (Vols.) - - b alos) DOS EG SitoS3 G) 15° 3 (7) 
Ratio of Solids in Suspension to Centrifuge Solids- - (1:40to1:124) | 1:82 (3) 





In one point all these samples were alike, viz., in their comparative freedom from 
suspended solids, the precipitation being very good throughout. The strongest 
sample, No. 30884, represented the sewage arriving at the works between 10.30 a.m. 
and 2.30 p.m. in dry weather in January, 1903, and—so far as the comparative figures 
go—was fully twice as strong as the sets of hourly samples. The weakest sample, 
No. 3331, was taken in wet weather, with the storm overflow at work, on December 
7th, 1903, at 5 p.m.; as judged by the figures for total Nitrogen and for “ Oxygen 
absorbed” in 4 hours, this was only about one-seventh or one-eighth as strong as 
No. 30884. The filters at Chorley have therefore to treat at different times liquids of 
very varying strengths. 


Although not of much value, because of the great variations in these chance samples 
of precipitation liquor, the following reduction figures as compared with the hourly 
samples of sewage may be given :— 














Calculated on :— Reduction. 

“Oxygen Absorbed” af once : - : : 4 - 62 per cent. 
» 5 in4&hours - < = : : 2 : 55 % 
Solids in Suspension — - - : . J Q . “ 93 g 





Bacteriological Notes.—Twelve samples of precipitation liquor were examined. The 
results are shewn in the accompanying table. In view of the remarkably good 
settlement effected by the Chorley precipitation process, it is disappointing to find 
that the bacteriological results were not uniformly satisfactory. A few of the samples 
(32028, 3331, 3407) showed, for a first process, a remarkable degree of purification, 
bacteriologically ; but the majority yielded positive results with from 1/10,000 to 
1/100,000 c.c. with the B. coli, neutral red broth, lactose peptone milk, and bile-salt 
glucose peptone tests. Most of the samples yielded positive results with the B. 
enteritidis sporogenes test. with from 1/10 to 1/100 c.c. . . 
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Description of the 


In.—Indol test. 

N.R —Neutral red broth 
test. 

L.P.M.—Lactose 
tone milk test. 

B.S.=Bile-salt glucose 
peptone test. 


pep 





100,000 N.R. 





Sample. B. coli test. 
3204. Chorley crude a 
sewage, 28/7/03 
3045. Chorley precipi- 100,000 
tation liquor, 5/11/02 ( — indol) 
( - clot) 





30884. Chorley precipi- 


tation liquor, 12/1/03 ( + indol) 
( + clot) 
487. Chorley precipi- — 
tation liquor, 4/3/03 
3192. Chorley precipi- — 
tation liquor, 16/7/03 
32028. Chorley precipi- -- 
tation liquor, 28/7/03 
32128. Chorley precipi- 100,000 
tation liquor, 11/8/03 ( + indol) 
( + clot) 
32158. Chorley precipi- 100,000 
tation liquor, 12/8/03 ( — indol) 
( — clot) 
32188. Chorley precipi- 100,000 
tation liquor, 13/8/03 ( + indol) 
(+ clot) 


3331. Chorley precipi- 
tation liquor, 7/12/03 


3407. Chorley precipi- 


tation liquor, 29/2/04 ( + indol) 

( + clot) 

3474. Chorley precipi- 100,000 
tation liquor, 23/6/04 ( + indol) 

( + clot) 

3522. Chorley precipi- 100,000 
tation liquor, 25/7/04 ( + indol) 

( + clot) 


6225.—App. III. 


1,000 not 10,000 


10,000 not 100,000 In. 
100,000 B.S. 


10,000 not 100,000} 10,000 not 100,000 In. 


1,000 not 10,000 N.R. 


10,000 not 100,000 L. P.M. 


10,000 not 100,000 N.R. 
10,000 not 100,000 B.S. 


100,000 N.R. 
1,000 not 10,000 N.R. 


100,000 N.R. 
100,000 N.R. 
100;000 N.R. 


Negative 1/100 c.c. N.R. 


1,000 not 10,000 N.R. 


10,000 not 100,000 In. 
100,000 N.R. 
100,000 L.P.M. 
100,000 B.S. 


100,000 N.R. 

100,000 L.P.M. 
100 000 B.S. 

100,000 In. 





B. Enteritidis 











sporogenes Remarks. 
test. 
100 not 1,000 
100 not 1,000 
10 not 100 160,000 and 54,000 
(gelatine at 20°C. and 
agar at 37°C. respec- 
tively) microbes per 
c.c. ‘ Gas’ test—Le.e. 
(24 hours at 20°C.). 
10 not 100 
10 not 100 
10 not 100 
10 not 100 
100 not 1,000 
10 not 100 
10 not 100 
1 not 10 
10 not 100 
10 not 100 
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FILTERS. 
Number - - - - 15, arranged in 5 sets of 3 each. 
Size of each - : - - 9 filters, 57 feet by 16 feet ; 
6 filters, 114 feet by 16 feet. 
Depth of material - - - - - - - .| @ leek 


Area of each filter (approximately) 9 filters, 100 square yards ; 
6 filters, 200 square yards. 
Total area - . : - - - - 2,127 square yards. 


Cubic content of each (approximately) 9 filters, 100 cube yards ; 
6 filters, 200 cube yards. 
Total cubic content - - é - 2,127 cube yards. 


Material.—Originally all the filters, excepting three which were used for experi- 
mental purposes, were constructed of sand, polarite and gravel, the grading from the 
top downwards being 9 inches sand, 9 inches polarite (4 in. diameter) and sand mixed, 
and 18 inches gravel and large stones, varying from 6 inches to ; inch diameter. Since 
then, but without altering the general construction of the filters or the grading of the 
materials, rather coarser sand has been put on the top ofall the filters, and various other 
materials have been used in seven of them, in place of the polarite. The materials in 
the middle layer of the filters during our observations have been as follows :— 


8 filters - - - - : - -  polarite and sand 
3 filters - - - - - . -magnetite and gravel 
3 tilters - - - - ETOH - polarite and gravel. 
1 filter ~ vee - - - - . - coke breeze. 


Construction.—The filters are constructed of brick walls with cement bottoms, and 
lie below the level of the ground. They are arranged in series of three each, the filters 
in each series being connected with one another by means of openings under the two 
dividing walls. The object of this is to allow of washing the beds, an operation which 
is described in a later paragraph. They are underdrained by means of six rows of 
3-inch horse-shoe drains, laid the whole length of the bed, and these fall to a pipe 
constituting the outlet drain, which is laid laterally across the three beds of a series at 
the outlet ends. | 


Distribution. At the end of each filter section there is a small tank or syphon 
chamber, holding for the small beds 2,800 gallons and for the large beds 2,700 
gallons. By means of a hand valve, tank liquor is allowed to flow into these chambers 
at a rate sufficient to fill them for the small filters once in forty minutes, and for the 
large filters once in twenty minutes. When the tank liquor in the chamber rises to a 
certain height, a syphon placed in it comes into action and the contents of the whole 
chamber are rapidly discharged. The distribution of this discharge upon the filters is 
effected by means of a single deep wooden trough, laid down the centre of each filter 
upon the surface of the sand. The sides of this trough are perforated with a number 
of small holes, and when the syphon chamber delivering tank liquor to the section 
discharges its contents, the liquid quickly traverses the length of the trough, and then 
flows laterally through the perforations and across the sand to the side walls, which 
are rather less than 8 feet from the trough, the beds being on an average only 16 feet 
broad. Asa general rule, the whole surface of a filter is covered with tank liquor in 
less than two minutes, and the syphon chambers also empty themselves in about the 
same time. The effectiveness of the distribution really lies in the rapidity with which 
the syphon chambers discharge, and the Chorley Authorities have therefore made 
special experiments upon this. Three kinds of syphon have been tried; the first was 
constructed by Messrs. Goddard, Massey and Warner, the second from a design by the 
Manager of the works, and the third by Messrs. Adams and Co., of York, and all three 
still continue in operation. We consider each kind to be effective. 


Working.—The quiescent settlement of the precipitated sewage does away with 
all variations of the flow after the liquor has entered the tanks, and the rate at 
which the filters work is consequently under complete control. The method followed 
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during our observations has been to keep the rate at'which the filters work quite 
constant, and to vary the number of filters in use, according to the amount of liquid 
to be dealt with: As a general rule, twelve filters are in use at one time; 
_ the others are. either-resting-.or being washed. When a bed is brought into use, it 
usually works for 12 hours a day for five days, receiving tank liquor during this time, 
if it is a small bed, in flushes of 2,300 gallons every 40 minutes, or if it is a large 
bed, in flushes of 2,700 gallons every 20 minutes. The length of time that it works, 
and the rests given to it, depend of course on the amount of tank liquor to be treated, 
and there are no fixed rules in vogue; in wet weather, or at those times when there is 
a large quantity of tank liquor to be filtered, the beds may be kept in use both night 
and day. There is no rule, either, fur the number of days that a filter shall work 
before it is put out of action, but it usually works for five days at a time. 


Washing.—Although the tank liquor contains very small quantities of suspended 
matter, this is sufficient to clog the surface of the sand after a few (usually five) days’ 
working. When this happens, the outlet valves of all three sections of a series are 
closed and tank liquor is allowed to flow on to two of the sections, so as to obtain a 
slow upward flow through the third. By opening the small penstock situated rather 
above the surface of the bed at the. outlet end, a continuous flow can be maintained 
through the third bed, and while this lasts, the top few inches of the sand are agitated 
and loosened under water. ‘This used to be done by hand raking, but a patent 
travelling rake is now used for the purpose. 


When the sand has been sufficiently raked, the surface while still under water 
is swept over with a soft brush, and in this way the sludge deposited by the tank 
liquor is made to rise up into the wash water and so tc be carried off the bed to 
a settling tank. From this tank, after settling,-the liquid is pumped back to the 
precipitation tanks, and the sludge at the bottom is lifted by means of a chain 
pump and put on the ground near by. In the process of sweeping and agitating, 
some fine sand naturally rises into the wash water, and to prevent this being lost, the 
wash water is made to flow through several small catch-pits before it finally enters the 
settlng tank. When the other two sections of the bed have also undergone this 
process, they are drained, and after a rest of about 12 hours are again ready for use. 
The washing of 3 sections occupies the time of one man for 8 hours. 


Amount of Tank Liquor treated upon the Filters. —The whole of the tank 
liquor is not at all times treated upon the filters; for a short time almost every 
day, whether in dry or wet weather, some tank liquor is allowed to flow unfiltered into 
the main effluent channel.. Although the quantity thus turned away is not great, it is 
sufficiently large. to. make a. difference in -any--calculation..of.the-amount treated upon 
the filters, and daily measurements of its volume have therefore been made over a 
considerabie period of time, by means of an automatic recorder. 


From July 26th, 1903, to May 31st, 1905—a period of six hundred and seventy-four 
days, there were only forty-three days on which some tank liquor was not turned away 
unfiltered, and the gauging records during this period show that the average amount 
turned away per day was 13,600 gallons, the largest quantity being 40,000 gallons, ir 
August, 1904, and the smallest 3,000 gallons, in July, 1904. The discharge occupied 
from one to three and a half hours and varied, as to time of discharge, from 8 a.m. 
to 5 p.m. } 


The average amount of liquor flowing to the tanks for treatment during 1903-4 was 
1,131,000 gallons, and the average amount turned away unfiltered in 1904-5 was about 
13,600 gallons. Taking these as representing the same period, for purposes of calcula- 
tion, the average amount filtered per day would be about 1,117,400 gallons, and upon 
this basis the following amounts were treated upon the filters at Chorley :-— 


_Per square yard per 24 hours - _ -..-.__ 525. gallons... 
Per.cube. yard per 24 hours. -.. - -. §25 gallons... 
We think, however, that, this is rather too high. an estimate... ‘ 


Efiuents.—Of the filter effluents, four sets of hourly:samples and. thirteen chance 
samples were examined ~chemically.”° The hourly samples, Nos. 3203c, 3213c, 
3216c and 3219c, drawn in equal quantities every hour, from all the filters then in 


6225.—App. III. PQ 


116 


use, and at the same times and under the same conditions as the hourly samples of 
sewage and of precipitation liquor, gave the following results on analysis :— 














Parts per 100,000. | Average. | j umber of 
co Re Se Se af Fu ee 

Ammoniacal Nitrogen Shag init be apes - —-, (1:08 to 1°42) 1:16 (4) 
Albuminoid Nitrogen - - - - + -  - = *(0°08 to 0.14) 0-11 (4) 
Total Organic Nitrogen- - - - - -  -  - (0:18 to 0:39) 0:27 (3) 
Oxidized Nitrogen - A Sede it NEDO Re aU EERE SS Uta aay 224 — (4) 
Total Nitrogen - - - - - : C : - (3°58 to 3:88) 3°69 (3) 
“Oxygen absorbed” at 27°C. (80°F.) at once ‘- - - (0:14 to 0:38) 0:28 (4) 

9 %9 %» » Mm4hours - -  - (0°82 to 1:45) 1:14 (4) 
Chiorine-—~ -.) --- >= 4 eee a kc - (7-66 to 10-08) 8°89 (4) 
Incubator Test (Scudder) - - -~ - fro e (3 failed slightly} “ (4) 
Incubator Test (by smell) - - - - = - + 4 passed = (4) 
Smell when drawn - -— - - +  -  - $4 fairly good — (4) 
Smell when analysed _ - - - - : - § 4 good —- (4) 
Solidsin Suspension - - + - | te || (0°48 and 0°57) 0:55 (2) 
Solids by Centrifuge (vols.) - - - - - - = (385 to 10-0) 69 (4) 


Like the hourly samples of sewage and of precipitation liquor, these hourly samples 
of effluent were of even composition and they were all very free from suspended 
solids ; in appearance they were very faintly opalescent (one of them slightly turbid). 
They contained two-thirds of their total nitrogen in the oxidized state, gave compara- 
tively low figures for ‘‘ oxygen absorbed,” and all withstood incubation. _[f we compare 
the figures of analysis with those given by the hourly sets of sewage and of precipitation 
liquor, we get the following reductions :— 


Reduction on :— 
Sewage. ‘Precipitation Liquor. 
Total Nitrogen "=" "(=| 9°27 a 40% (3) 21% (8) 
Ammoniacal Nitrogen ee to i 7133014 68, (4) 
Albuminoid Nitrogen - 9 = 9 89 ,, (4) 81, (4) 
Total Organic Nitrogen - : : = - - - 86 ,, (3) 53, (8) 
“Oxygen absorbed ” at once See ee Pe 91,, (4) (6 re) 
- in&hours - : nh aa - - 91, (4) 77 ,, (4) 
Solids in Suspension “-- <> «- . | 4 ee ree es 795, (2) 








It is evident that the very rapid treatment of precipitation liquor upon the 
filters results in the oxidation of about four-fifths of the organic matter of the 
liquor, as measured by the “ oxygen absorbed ” test, and of about half the nitrogenous 
matter. There is on the other hand only a comparatively small actual loss of nitrogen. 





* The figures for albuminoid nitrogen are probably rather high in two of the samples, 

+ Three of the four had a rather unpleasant vegetable smell after incubation. . 

{ One was noted as having an unpleasant sweet smell when drawn, and the three others as; having a 
strong wormy and rather doubtful smell. 

§ For the most part an earthy and soapy smell, 

|| Equal quantities of the three last samples were mixed together for this estimation. 
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Chance Samples. — Thirteen chance samples in all were examined chemically, 
viz., Nos. 3046, 30888, 488, 3193, 3194, 3200, 3332, 3408, 707, 3475 3476, 3477 
aud 3520. These were taken pretty well at all times of the year, for the most part 
in dry weather, and at hours varying between 10.40 a.m. and 8.40 p.m. They gave the 
following results on analysis* :— 























Number of 
Parts per 100,000. | Average. | Estin Cae 
Ammoniacal Nitrogen - . - . sate - (0-11 to 161) 0:56 (9) 
Albuminoid Nitrogent- -~ - : : : - (0:03 to 0-41) 0-11 (9) 
Oxidized Nitrogen - - - - - - - - (0°80 to 6°48) 3:00 (12) 
“Oxygen absorbed ” at 27° C. (80° F ») at once - - (0°02 to 0:67) 0:23 (12) 

%9 ” ” n4 hours -— - - (0°36 to 2:90) 0:98 (12) 
Dissolved Oxygen taken up in 24 hours at about 18° C. (65° F.) (0-11 to 0:31) 0:18 (7) 
Chlorine - - - - - : - - - - (3-46 to 7-46) 5°85 (4) 

8 d 
Incubator Test (Scudder) — - : - . . - { 4 Filed slightly} ee (12) 
Incubator Test (by smell) = - - : - - - - - 12 passed — (12) 
Smell when drawn . - - - - - - - - 8 good — (8) 
Smell when analysed - - - - - - - - i prods ful — (12) 
Solids by Centrifuge (volumes) - — - - : - -  (0°0 to 26:0) 4:7 (12) 
c. ¢. per litre. 
Oxygen in solution when analysed - - - - - (1:35 to 7:40) | 40 (7) 











The above effluents were almost all clear or very faintly opalescent, with but a trace 
of sediment on the average, and all, with possibly one exception, had a perfectly clean 
smell when they came to be analysed. Further, they were all well nitrated, and they 
withstood incubation in every case. The last seven samples were found to be, approxi- 
mately, half saturated with oxygen on the morning of analysis, and they took up very 
little oxygen from solution when incubated for 24 hours at 18° C.—not much more 
than 1 ¢. c. per litre or 0:18 part by weight of oxygen per 109,000 (this estimation was 
made with less precision in the first five samples.) These chance samples of effluent 
may thus as a whole be classed as very satisfactory from a chemical point of view. 
Taking them all over, they were better than the hourly samples, no doubt from the 


fact of the latter having been drawn in summer when the sewage was necessarily more 
concentrated. 


When the figures of analysis of these effluents are compared with those of the hourly 
sets of sewage and of precipitation liquor, they show the following reductions :— 








ee ee ee eee 


Reduction on :— 





Sewage. ote fee 
Ammoniacal Nitrogen 86 %, 85%, 
Albuminoid Nitrogen : - 89 ,, Sin. 
“Oxygen absorbed” at once - : O37. Lie 
5 AS in 4 hours 2 - 4 3 2 : 92 ,, i 
Solids by Centrifuge (vols.) 93, 85 ,, 





* The figures for 3193 and 3194 have been averaged together as one analysis; the samples were from one 
discharge of the same bed, but taken at different times. 

+ Probably rather high in the case of No 3205 (Albuminoid Nitrogen, 0:12). 

j It may be added that three samples of Chorley effluent, whi 


: ch were examined so long ago as J anuary and 
February, 1899, were well nitrated liquids of the same type as the above effluents generally. 
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The following notes of individual samples may be found to be of some interest :— 


Samples No. 3193 and 3194 were from the same discharge of a bed which had been 
resting for 10 hours. No. 3193 was drawn shortly after the bed had received its flush 
of precipitation liquor, while No. 3194 constituted the last part of the discharge. 
The former contained more nitrate, but also more suspended solids than the latter, 
thouch both were well nitrated. At Chorley, therefore, as at places with other 
systems of sewage purification, the first flush from a bed, after the latter has been 


resting, brings out solids with it. 


The actual figures referred to were :— 
No. 3293. No. 3294. 
Oxidized Nitrogen (approximately) - - - £ 4-2 28 
Solids in Suspension - - - ; - - - 2:36 0:66 


Again, effluents Nos. 3475, 38476 and 3477 each correspond separately to the 
precipitation liquor No. 3474. No. 3475 was drawn from a coke bed, No. 3476 
from a polarite bed and No. 3477 from a magnetite bed. All three effluents were 
very good. The effect of the long rest which the two last beds had received is 
evident from the large quantities of nitrate which were present in these effluents.. 


The following comparative figures (parts per 100,000 by weight) for absorption of 
dissolved oxygen may also be cited here :— Hewes 








Dissolved oxygen taken up at about 18°C in :— 














Number 
of Diluted with :— 
Sample. 24 Hours. | 48 Hours. | 72 Hours. | 96 Hours. | 144 Hours. 
3408 2, vols. tap water = - 0:12 0:47 0°56 a ae 
3476 2 vols. tap water - 0:15 - — 0-43 a =m 
3477 (a) None Soi Ls 0-14 = 0-38 °° SS) 4g eee 
i, (b) 2 vols. tap water 0:01 — 0-18 0:25 Bat 
3521 (a): None), PEMOR Gare ou re zi ei 
— (b) 2 vols. tap water 0:09 0-19 — — 0-68 — 
707 ) Raa ole De eM a 
(a)* Original Sample 2 vols. tap water | 0-27 ak = me ba 
(b) Filtered through | 2 vole. tap water 0-07 = — _ os 
paper. 





(2)* This gave 6:7 vols. of centrifuge solids per 100,009, ie., only a very small quantity. 





| Dissolved Oxygen taken up in :— 





Number 
of Diluted with :-— : 

Sample. 24 Hours at 18°C. | 6 Hours at27°C. | 4 Hours at 37°C. 
3200 2 vols. tap water - 031 0-13 0-17 


| 


These figures show, among other things, (1) that the absorption of dissolved 
oxygen by the above effluents was very slow ; (2) that the Chorley effluent takes up 
rather more dissolved oxygen when incubated alone, after being zrated by shaking, 
than when incubated after eration with two volumes of tap water; (3) that the sus-_ 
pended solids in the effluent are largely responsible for what oxygen is taken up. 


t Special Effluent Samples.—No. 3409 represents a washing water effluent from Filter 
No. 2, which had been flooded all day previous to the taking of the sample. 
Judged from an effluent standard it was of high quality, containing very little organic 
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impurity, nearly 3 parts of nitric nitrogen, and taking up only 0°06 part of dissolved 
oxygen in 24 hours. It would thus appear that the material of the filter was very clean. 
Had it contained much suspended organic matter, so good an effluent could not have 
been obtained. 


Comparison of the Purification effected by Polarite and Coke Filters respectively.—Since 
the samples, of which particulars have already been given, did not deal specially with 
the question whether polarite or coke filters gave the better results, it was thought 
advisable to supplement them by a few other sets of chance samples drawn at different 
times. Each set consisted of a sample of precipitation liquor, a coke filter efiluent 
and a polarite filter effluent, the filters from which the effluents were taken having 
been worked similarly for three or four days beforehand, so that the conditions might 
be as uniform as possible in both cases. 


The first set, Nos. 3675, 3676 and 3677, was drawn on Thursday, March 153th, 
1906, at 2.30 to 2.55 p.m., in very wet weather ; the second set, Nos. 1, 2 and 3, on 
Wednesday, April 18th, 1906, at 1.45 to 2.15 p.m., in dry weather; and the third set, 
Nos. 3681, 3682 and 3683, on Tuesday, May 8th, 1906, at 1.45 to 2.0 p.m., after a 
wet morning following fairly dry weather.’ The figures of analysis of the three precipt- 
tation liquors are appended below and they show that No. 8675 was very weak, that 
No. 1 was strong, especially as regards nitrogenous matter, while No. 8681 was weak, 
though stronger than the first sample. A little nitrate was found in each sample on 
the day of analysis. Only the middle sample (No. 1) contained any suspended solids, to 
speak of. The three samples thus represent precipitation liquors of different organic 
strength. 


Precipitation Liquor—Experimental Samples. 











Parts per 100,000. No. 3675. Oo Oa.ds No. 3681. 

Ammoniacal Nitrogen - - - - - : - 0:97 8:36 3°32 
Albuminoid Nitrogen - . - - : : : 0-20 0°68 0-56. 
Total Organic Nitrogen - - . - - - 0°64 1:06 0°83. 
Oxidized Nitrogen - - : : - : - - 0-39 0-43 0°30 
Total Nitrogen - - : - - é = : 2°00 9°85 4°40 
“Oxygen absorbed” at 27° C. (80° F.) at once.. - : 053 184 0°40 

9 ” ” in 4 hours. s 7 2°58 6:95 3°92 
Dissolved Oxygen taken up from water at 18° C. in 24 hours. 1:00 786 3:34 
Chlorine - - : - - - - F ; 3°72 9:90 6°00) 
Solids in Suspension - s 5 : = . t 1:90 4°95 
Solids by Centrifuge (vols.) - - “ = " . Trace 94:4 4:8 





The figures of analysis of the three corresponding pairs of effluents are also given 
separately. The chlorine figures corroborate the point that the same precipitation 
liquor was being treated upon the two kinds of filters. In the first pair of effluents, the 
one from the polarite filter was distinctly the better, in that it took up only about half 
the quantity of dissolved oxygen from water as compared with that taken up by the coke - 
filter effluent. In the second set the coke filter effluent was slightly the better, and it 
was also, if anything, the better in the third set. But, taking all the figures together, 
we think that the conclusion may be drawn that neither effluent shows any marked 
superiority over the other. 





























Comparative Samples of Effluent from Coke Coke. | Polarite.| Coke /|Polarite.| Coke. | Polarite. 
and Polarite Filters. No. No. No. No. No. No. 
Parts per 100,000. 3676 3677 2 3 3683 3682 
Ammoniacal Nitrogen 059 0°86 3°80 3°48 1-01 1:15 
Albuminoid Nitrogen 0°05 0:07 0-09 Orly 0:08 0:09 
Total Organic Nitrogen 0-11 0:07 0:09 0:24 0:10 0:33 
Nitric Nitrogen - 1:27 1:08 101 0°94 1°74 174 
Nitrous Nitrogen | Trace 0-01 0°01 0-01 Trace | Trace » 
Total Nitrogen - 1:97 2°00 4:88 4°67 2°31 3°22 
“Oxygen absorbed” ut once at 27° C. 016 o19 026 | 024 | 033 | 0:36 
“ Oxygen absorbed ” in 4. hours - 0°50 0°65 0-72 081 1:19 1:17 
Dissolved Oxygen taken up from water at 18° C. . 
in 24 howrs : =e Ao ee ID 0:06 0:24 0:37 O71 0-28 
Dissolved Oxygen taken up from water at 18° C. 
in:6 days. = - ~- Aut oncy atten? 0:42 0-67 0-90 1:33 C86 
Incubator Test (Scudder) - Passed | Passed | Passed | Passed | Passed | Passed 
Incubator Test (by smell) - Passed | Passed | Passed | Passed | Passed | Passed 
Smell when drawn Good Good Good Good Good Good . 
Smell when analysed - Good Good Good | Good Good Good 
Chlorine 3°75 3°80 9°88 | 10:02 710 722 
Solids by Centrifuge (vols) 14 11 2-4ap.| 48 48 5:0 








As already mentioned, a certain amount of precipitation liquor is sometimes 
mixed with the effluent before the latter is run into the stream. ‘Two such mixed 
samples have been examined chemically, viz., No. 3205, drawn in August, 1903, this 
being an effluent from the sewage of 10 a.m. to 12 noon; the effluent, as discharged, 
contained about one-seventh of its volume of precipitation liquor. It gave an analysis 
almost the same as the hourly samples of effluent, excepting that it contained 
about four times as much suspended solids. The second admixed effluent examined, 
No. 3260, was drawn in October, 1908, and represented a storm water sewage of 
about 12 noon to 1 p.m. of the same day ; the effluent, as discharged, contained about 
its own volume of the dilute precipitation liquor from this storm water sewage. This . 
effluent, which was dilute, was of good quality, chemically speaking. 


Bacteriological Notes.—The bacteriological results varied to a considerable extent, 
but some of the samples were certainly very good. Thus, five of the samples con- 
tained less than 10,000 (two of them less than 1,000) B. coli; and none of the samples 
contained 100,000 B. coli per c.c. The indol, neutral red broth, lactose peptone milk, 
and bile salt glucose peptone tests likewise yielded good results. Moreover, 7 out of 
16 samples yielded negative results with the B. enteritidis sporogenes test with 1/10 c.c. 
Sample 3523 was taken when the flow from a-filter was at its maximum. It contained 
a large amount of suspended matter, and it is of interest to note that the number of 
spores of B. enteritidis sporogenes was very large. The results are set forth in detail 
in the accompanying table, which includes also the results of the bacteriological 
examination of a few special samples. Sample 3260 was remarkably pure: it wasa 
mixture of storm water precipitation liquor and filter effluent. Samples 3209 and 
3210 were examples of sand washing liquor ; they contained about the same number of 
bacteria of an intestinal type as an average sample of precipitation liquor. If B. coli 
were largely concerned in the frocess of sewage purification, it might perhaps have 
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been anticipated that the number of B. coli in the sand wasbing liquor would have 


been higher than was actually found to be the case. 


Sample 3409 was a filter effluent 


from a filter only just previously washed ; the results were very good bacteriologically. 





In = Indol test. 

N.R.=Neutral red broth 
test. 

L.P.M.=Lactose 
tone milk test. 

B.S.=Bile-salt glucose 
peptone test. 


Description of 


Sample B. coli Test. 


pep- 


B. Enteritidis 
Sporogenes 
test. 


Remarks. 


a |S | | SSNS 


3046. Chorley filter {10,000 not 100,000} 10,000 not 100,000 In. 
effluent, 5/11/02. (++ indol) 10,000 not 100,000 B.S. 


(+ clot) 


3088s. Chorley filter |10,000 not 100,000) 10,000 not 100,000 In. 





effluent, 12/1/03. (++ indol) 1,000 not 10,000 N.R. 
(+ clot) 10,000 not 100,000 L. P.M. 
488. Chorley filter — 1000 not 10,000 N.R. 
effluent, 4/3/03. 100 not 1,000 B.S. 
3193. Chorley filter — 100,000 N.R. 
effluent, 16/7/03. 
3194. Chorley filter — 100,000 N.R. 
effluent, 16/7/03. 
3200. Chorley filter _ | 10,000 not 100,000 N.R. 
effluent, 27/7/03. 
3203c. Chorley filter — 10,000 not 100,000 N.R. 
effluent, 28/7/03. 
2313c. Chorley filter 100 not 1,000 100 not 1,000 N.R. 
effluent, 11/8/03. (++ indol) 
(+ clot) 
3216c. Chorley filter 10,000 not 100,000) 10,000 not 100,000 N.R. 
effluent, 12/8/03. (-- indol) 
(— clot) 
3219c. Chorley filter | 1,000 not 10,000 | 1,000 not 10000 N.R. | 
effluent, 13/8/04. (++ indol) 
(+ clot) 
3332. Chorley filter — Negative 1/100 c.c. N.R. 
effluent, 7/12/03. 
100 not 1,000 100 not 1,000 N.R. 





3408. Chorley filter 





effluent 2/92/04. (+ indol) 
(+ clot) 
3475. (Chorley filter |10,000 not 100,000; 10,000 not 100,000 In. 
effluent, 23/6/04.) (— indol) 10,000 not 100,000 N.R. 
(+ clot) : 10,000 not 100,000 L.P.M.|. 


10,000 not 100,000 B.S. 


3476. Chorley filter | 1,000 not 10,000 1,000 not 10,000 In. 


effluent 23/6/04. (— indol) 100 not 1,000 L.P.M. 

(+ clot) 1,000 not 10,000 B.S. 

3521. Chorley filter | 1,000 not 10,000 1,000 not 10,000 In. 

effluent, 25/7/04. (+ indol) 100 not 1,000 N.R. 
(+ elot) 1,000 not 10,000 L.P.M. 


1,000 not 10,000 B.S. 





3523. Chorley filter |10,000 not 100,000) 10,000 not 100,000 In. 


effluent, 25/7/04. \— indol) 1,000 not 10,000 N.R. 
(+ clot) 10,000 not 100,000 L.P.M. 
10,000 not 100,000 B.S. 


100 not 1,000 


10 not 100 


1 not 10 
1 not 10 
10 not 100 
10 not 100 
1 not 10 


10 not 100 
10 not 100 
1 not 10 


1 not 10 


1 not 10 


1 not 10 


10 not 100 


10 not 100 


1,000 not 10,000 











32,000 and 19,000 
(gelatine at 20° C. 
and agar at 37° C. 
respectively)  mic- 
robes per c.c. 

“Gas” test —1 c.c. (24 
hours at 20° C.) 
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In=Indol test. 
N.R. =Neutral red broth 


test. B. Enteritidis 
Description of B. coli test. L.P.M. = Lactose ~ pep- Sporogenes Remarks. 
Sample. tone milk test. test. 


B.S.=Bile-salt glucose 
peptone test. 








3209. Chorley sand {10,000 not 100,000} 10,000 not 100,000 N-R.| 100 not 1,000 


washing liquor, (+ indol) 
10/8/03. (+ clot) 
3210. Chorley sand |10,000 not 100,000 10,000 not 100,000 N.R. 10 not 100 
washing liquor, (+ indol) 
10/8/03. (+ clot) 
3260. Chorley “works” — Negative 1/100 c.c. 1 not 10 


effluent, 13/10/03. 


3409. Chorley filter | 100 not 1,000 100 not 1,000 N.R. Negative 1 c.c. 
effluent from washed (+ indol) 


filter, 29/2/04. (+ clot) 
3261. Chorley storm 100,000 100,000 N.R. 100 not 1,000 
water overflow (+indol) 
discharge sample, (+ clot) 
13/10/03. 


Effect of Temperature upon the Working of the Filters.—The process of sewage dis- 
posal carried out at Chorley renders a considerable exposure of the liquid necessary, 
and we have therefore made careful observations of the temperatures of the various 
liquids. Average temperatures taken every few hours over a period of three weeks, 
in July, 1908, showed that in warm weather there was a slight rise in the 
temperature of the liquid as it went through the process, and special temperature | 
measurements made in the winter showed that the reverse took place during cold 
weather. On several occasions the temperature of the final effluent was found to be as 
low at 5° Centigrade ; and on one occasion in January, 1903, during frost (atmosphere 
0°C.), it went down to 4° Centigrade, the liquid having lost 3°C. in the process of 
filtration. The figures of analysis of the effluent sample, No. 30888., which was drawn 
on that day, indicated that the efficiency of the filter had been impaired by the low 
temperature. 


SUMMARY. | 


Chorley sewage is a domestic one of about average strength, with practically 
‘no trade refuse in it. It is liable to be greatly diluted in times of storm, owing to the 
admission of the water of the river Chor into the sewers, and also because the sewers 
receive, in the form of surface water, part of the rain which falls upon the drainage . 
area, aS well as some subsoil water. 


The precipitation effected at Chorley is uniformly excellent. As compared. with the 
honrly samples of sewage, the hourly samples of precipitation liquor showed a reduc- 
tion in suspended solids of 91 per cent., and the chance samples a reduction of 
$3 per cent., the actual average figures for solids in suspension in the precipitation 
uquor being :—hourly samples, 2°9 parts per 100,000; chance samples, 2°1 parts. 
This result is to be ascribed to the good quality of the precipitant used and to the 
‘quiescent settlement, while it is also possible that the nature of the water entering the 
sewers may render some additional help. The fact of the precipitant being made 
with great care on the works tends to ensure uniformity in its composition. The 
precipitation at Chorley may be taken as an excellent illustration of the advantages 
of quiescent settlement. 


No difficu'ty is found in pressing the precipitation sludge with lime or in 
disposing of it when pressed (at 1s. 6d. a load) to the neighbouring farmers. 
Neither the working of the tanks nor the sludging is attended with any nuisance, 
if one excepts the slight smell at’ the entrance screen and in the press house. The 
sewage works, in fact, are unusually free from smell. 
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The filters are composed of a surface layer of sand, a middle layer of either 
polarite, magnetite or coke, the pieces composing this middle layer being of equal 
size throughout, and a bottom layer of gravel, varying from a quarter of an inch 
to six inches in diameter. By an experiment extending over twelve months, the 
authorities satisfied themselves some time ago that there was very little difference in 
the quality of the effluents from two filters, one of which had a middle layer of polarite 
and the other a middle layer of coke. Our own observations upon this particular 
point confirm that conclusion. 


The unusual method of filtration followed results in large flushes of liquid passing 
very rapidly through the filters, but on the other hand the whole of the filtering 
area comes into use. We have made no special study as to how nitrification is brought 
about in these filters, but the action must be a very rapid one; besides being 
well nitrated, the effluent issuing from the filters is well aerated also. The process is 
not one which leads to the loss of much nitrogen in the form of gas; hence it may, 
perhaps, be referred to as being’mainly an oxidising and not a destructive process, as 
regards the nitrogenous matter in the liquid treated. 


The effluent is of good quality chemically, though the hourly samples examined 
had a slightly suspicious smell when drawn, and were not quite up to the standard 
of the chance samples. The effluent takes up very little dissolved oxygen from 
solution, and every sample which we examined withstoud the incubator. test. 
Bacteriologically the results varied to a considerable extent, but some of the 
sainples were certainly very good. 


We are unable to give the exact figures for the rate of filtration, but the volume of 
precipitation liquor treated per cube yard is approximately 450 to 500 gallons, a very 
large quantity. As some precipitation liquor is discharged from the works unfiltered 
almost every day (not more than two or three timesthe dry weather flow being 
treated at any time), it would appear that the filters are now working up to their 
full capacity. 2 | 


With regard to the procedure adopted, of mixing a certain amount of unfiltered 
precipitation liquor with purified effluent—although the two samples of such admixed 
liquor examined were found to be of good quality, it should be remembered that 
they were in both cases drawn during or after heavy rainfall. Although, therefore, 
these particular samples were satisfactory, the advisability of the procedure appears to 
us to be doubtful; the probability is that it can only be carried out at Chorley because 
the precipitation liquor there is not. very strong and is usually free from suspended 
solids. 


The filter beds have now (1904) been in operation since 1895, without having 
deteriorated in any way. It was however found advisable, at an early stage of the 
working, to replace some of the very fine sand of the surface layer by coarser sand, 
and to remove all admixed sand from the middle layer, as this tended to cause 
clogging. 


Good results are obtained in every part of the process and little or no nuisance 
arises from it. 


We may perhaps be allowed to add, in conclusion, that the good results 
are due to the long continued and careful experiments made in connection with 
its various details by Sir Henry Hibbert, Mr. Alderman Stone, Mr. Leigh, the 
Borough Surveyor, and Mr. T. Hurst, the manager. We are greatly indebted to 
these gentlemen for much assistance in connection with our work at Chorley. 
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CLIFTON SEWAGE WORKS. 


(Barton-upon-IRwELL RuraL Disrricr Covuncit.) 





Situation of works - bs L é zl 3 


. Method of treatment - 3 : E ‘ 


. Water supply in gallons per head and whence 


obtained - - : a vs A 


. Average dry weather flow of sewage in gallons 


per 24 hours” - - . 4 


. Gallons of sewage per head per day - 4 
. Number of water closets - - = 2 : 


. Character of the sewage é 2 - 3 


. Sewerage system - . - B £ 5 
10. 
11. 
12. 


Period of observations - 2 : se 3 
Age of filter beds - - - . . . 


Amount of storm water dealt with - £ 


Capacity of settling tank in gallons - - 
Total area of filter bedsin yards super - ~— - 
Total capacity of filter beds in yards cube - 
Nature of filtering medium —- - - 
Gallons of settled sewage treated per yard super 
per 24 hours. All filtersincluded — - : 


Gallons of settled sewage treated per yard cube 
per 24 hours. All filters included — - . 


The final effluent is discharged into - . 


About } mile from Clifton. 


Continuous flow settlement fol- 
lowed by. continuous flow 
filtration through very fine 
material. 


. Population draining to works during observations 2,000 (approximately). 


17‘7 approximately.. From the 


Bolton water supply (soft 
moorland water). 

22,000. 

11. 

50. 

Strong slop-water domestic 
sewage. 


Partially separate. 
November, 1903 to July, 1905. 
5; and 12 years. 


About 5 times the dry weather 
flow. 


4,875. 

1,054. 

1,405. 

Boiler clinker and cinder, clay, 
soil, gravel and sand. 


20°8. 


15°6. 


‘Abginalkobeckewhith dlowsbiunto 
the river Irwell. 


FLOW OF SEWAGE. 


Although the sewerage of the district is upon the partially separate system, the 
flow of sewage becomes much increased during rain, and as there is only one storm- 
overflow on the system, and this situated on the main sewer close to the works, the 
whole volume of storm-water and sewage is brought to this point. Here, however, 
any excess above six times the dry weather flow of sewage 1s diverted, this volume 
being the maximum which the tank and filterg are called upon to treat. 





Dry Day. 
RAINFALL NIL. 


Dry Day. 


RAINFALL NIL. 


RAINFALL DURING 24. HOURS 
0:07 incH. 


WET Day. 


RainFate ourine 24h 
= 0°14 iweu, 


Wer Day 
RAINFALL purine 244 
= 0:-30:snew. 


S236. 
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Diagram G. 


DIAGRAMS SHOWING FLOW OF OEWAGE AT CLIFTON 


AS FALLING OVER A WeIR 8 WIDE. 


Note:- Over'a Weir 8 wide 


‘5 ofan inch = a rate of 
1-0 inch = aye y 
1-5 inches = » » » 
2:0 ” ee ” ” 
2°95 p ean a ” ” 


9,907 gallons per 24 hours. 


27 ,864 
543,000 
78,480 


110, 500 
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The highest rate of flow measured during the gauging operations in January, 1904, 
was 103,000 gallons per 24 hours, this being the result of .a fall of 380 inch of rain 
within a period of five hours. 


The flow of sewage was measured continuously for a period of 14 days in January 
and February, 1904. The first week of this period was a perfectly dry one, and as it 
followed upon dry weather, the flow recorded may be taken as the dry weather 
flow. 


The average daily flow during this week was approximately 22,000 gallons. 


The greatest flow (29,000 gallons per 24 hours) occurred on the Tuesday of the week, 
and the lowest (19,000 gallons per 24 hours) on the Sunday. Except on Tuesday 
mornings and afternoons, when a great deal of wash water reaches the works, the flow 
during dry weather is of a fairly even character, the general variation being 
a gradual fall from a slightly fluctuating rate of something like 29,000 gallons per 24 
hours, which continues from 9 a.m. till 4 p.m., to a steady night flow at the rate of 
about 13,000 gallons per 24 hours. During wet weather the fluctuations are large and 
rapid, this being no doubt due, in some measure, to the fairly steep gradient of the 
main sewer. | 


Subsoul Water.—As the flow of night sewage is fairly high in ordinary dry 
weather, and the effect of rain upon the volume of sewage continues to be apparent 
for some days, it may be concluded that a considerable quantity of subsoil or ground 
water gains access to the sewers. 


On diagram G. are given some typical illustrations of the sewage flow at Clifton. 


Crude Sewage.— Five samples were examined chemically, viz.: three hourly sets of 
24 hours each, drawn according to rate of flow, one of weakest night sewage, and one 
of storm sewage. During the three days on which the hourly samples, Nos. 3367, 3370 
and 3378, were being taken, in January, 1904, the rainfall amounted to 00, 
014 and 0-07 inch; these cannot, therefore, be called strictly dry weather 
samples, but the effect of the rainfall on the flow was apparently slight. ‘The sample 
of weak night sewage, No. 3375, was drawn during the third day of the hourly sets. 
The very strong sample of storm sewage, No. 3126, was taken on March 17th, 1903, 
11.10 a.m., at about two-thirds through the flow of storm sewage, there having been 
sharp rain between 10.15 and 10.45 a.m. 


The following results were obtained :— 














Hourly | umber of | No.3875, | No 3196 
sha Parts per 100,000. sane Estimations. Weak night Storm — 
ewage. Sewage. 
Ammoniacal Nitrogen -  - (3°47 to 3:98) 3°78 | (3) 1:92 4°78 
Albuminoid Nitrogen - > - (0°91 to 1°38) 111 (3) 0°19 2°42 
Oxidized Nitrogen - - -  -. - - 0:0 (3) 0:23 ap.t — 
Total Organic Nitrogen - - (#1-22 to 3-25)| 2-26 (3) = 
Total Nitrogen - - - ~-(*469to 7-15) 6:05 (3) 2°24 —— 
“Oxygen absorbed” at once at 27° C. (4°40 to 7-20) 5°84 (3) 0°46 17°80 
¢ » in A hours - (20-21 to 30°44)! 26-07 (3) 1°62 45°40 
Chlorine - - - -  ~- (822 to 10°78) 9°54 (3) 7:20 —_ 
Solids in Suspension - -  - (33-°2 to 58-2) 49-1 (3) 3-2 198:0 
Solids by Centrifuge (vols.) - (331to0524ap.)| 460-0 (3) 34:0 — 
Ratio of Solids in Suspension 
to Centrifuge Solids - -(1: 9-4, 9:°0and10°0)| 1:9°5 (3) 1:10°6 — 





* These two figures are almost certainly too low, owing to an accident. t “Ap.” means “approximate.” 
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‘It is seen from the foregoing figures that the crude sewage is of a very 
strong soapy character. The sets of hourly samples contained large quantities of 
black, flocculent and greasy suspended matter and had a soapy-sewage smeli, the last 
two sets having also a strong scent of lemons. The sample of weakest night sewage, 
drawn in January, 1904, at 2 a.m., was very dilute, and contained a little oxidized 
nitrogen, no doubt from subsoil water. The sample of storm water sewage, No. 3126, 
is instructive as showing how very impure is the liquid first washed out of the sewers 
after a period of dry weather : it contained no less than 198 parts of suspended solids, 


of which 117 parts were volatile on heating. 
Bacteriological Notes.—For results, seé under Settled Sewage. 


SETTLING TANK. 


Number “ . - - - - i 

Size . any ase - - SS - 39 feet by 5 feet. 
Working depth . - - . - - 4 feet. 

Capacity - : - - . - - - 4,875 gallons. 


Construction.—The settling tank is constructcd of brick and cement, with a concrete 
bottom. After having passed down a small cascade from the main sewer, the sewage 
enters the tank over a sill extending practically across the whole width of the inlet end, 
and issues again over a small sili or ledge at the outlet end. There are no sludge 
valves to the tank. 


Working.—The settling tank receives the whole flow of sewage, day and night, except 
at those times when it is stopped for cleaning. During these stoppages the sewage is 
sent direct on to one of the filters. 


Flow through.—With a dry weather flow of 22,000 gallons per 24 hours, the flow 
through the tank would be once in 5’3 hours, at the rate of 1°7 inches per minute. 


Sludging.—The length of time for which the tank can be run without cleaning: 


depends very largely upon the weather. In times of rain, and especially in showery 
weather, the tank may become half full of sludge in three or four weeks. Usually, 
however, in dry weather, it retains sufficient capacity to last for about five weeks; at 
the end of this time, owing to the sludge beginning to ferment, cleaning becomes 


necessary, whether the tank contains a large quantity of sludge or not. The cleaning ~ 


is done as follows :— 


Ifaving siphoned off the supernatant liquid by means of a moveable siphon pipe, 
the sludge is lifted from the tank by a chain pump, worked by hand, ate deposited 
in a cart drawn up at the side of the tank. The sewage in the meanwhile runs 
direct to the filters. The operation occupies the time of one man for about two days 
of eight hours each. Although some smell arises from the sludge, it does not entail 
any serious nuisance. The sludge is taken away by a farmer, under contract, the 
Council paying him £5 a year to take it. He uses it as a top dressing for grass land. 

Settled Sewage.—Kight samples were examined chemically, viz., 8 sets of hourly and 
5 chance samples. The hourly samples, Nos. 3368, 3371 and 3377, were drawn at the 
same time and under the same conditions as the hourly sets of crude sewage, the flow 
through the tank being about once in 5 hours. The two series of hourly sewage samples, 
a and settled, are very comparable with one another. They yielded the following 
results :— 




















———— Parts per 100,000 | Average, Bad ates 

Ammoniacal Nitrogen - i A = ¢ . - . (3:07 to 4°51) 3°96 (3) 
Albuminoid Nitrogen - - - . - - - - (0°51 to102); , 076 (3) 
Oxidized Nitrogen - - - - - . - - - - : : 0:0 (3) 3 
Total Organic Nitrogen- - - - - + -  ~ (1:01 to. 2:04) 151 (3) 
Total: Nitrogen}.\) =", soe hs See ee eee 5-46 (3) 
Oxygen absorbed “at onze” at27°C. - -  - - - (3°04 to 4°51) 3°74 (3) 

7 gp fo OO A hovers. iach yin 15 nad boom ape he renee eats 15:13 (3) 
Chlorine. 9 -) -G-0L:5 05 §-«@)- | apeTe bredoagaoeore’. 9°56 (3) 
Solids in Suspension -~— - ile be ke = Be (21 At oo) 242 (3) 
Solids by Centrifuge (Vols.) -  - -  - ++ = (98:0 to 173-0) | 148-0 (3) 
Ratio of Solids in Suspension to Centrifuge Solids - - (1:71, 6-4 and 46) 1:6°0 (3) 





: 
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Like the hourly sets of crude sewage, the settled sewage of the third day was 
distinctly weaker than that of the first and second. When analysed, the samples were 
noted as having a soapy sewage smell, a strong sour tank smell, and a soapy and 
tank smell. .The middle sample, No. 8371, contained some slaughter-house refuse. 


Comparing these with the hourly samples of crude sewage, we find the following 
reduction in figures :— 














Calculated on :— Reduction. 
Total Nitrogen ‘tala acti metas, Senet hah a : - 10 per cent. 
Albuminoid Nitrogen” - - : < : 4 “ - - : : 31 ,,  ,, approx. 
MeralGrganic Nitroven - - -| - + «+s «© -» vay Soraee z 
ceayeen absorped twronce "Vt. 6 2 OUI ST 367, 3; 
= xs in 4 hours - - - : “ : b = - 4ORr er 
Solids in Suspension - - a - - - - - - - BLY hs 





The settlement in the tank thus reduces the solids in suspension of the crude sewage 
by about one-half, and the organic matter generally—as judged by the figures for 
organic nitrogen and permanganate absorption—by about one-third. The liquid left 
for the filters to treat is still strong and soapy and contains 24 parts per 100,000 of 
suspended solids—a high figure. 


The five chance samples of settled sewage examined chemically, Nos. 3041, 3078, 
34014, 3554 and 3585, were drawn during the autumn and winter months of 1902 
and 1904, between the hours of 12°55 noon and 5 p.m.,, all of them—practically 
speaking—in dry weather. 


They yielded the following results, among others :— 


—--— Parts per 100,000 | Average. a nea 
Total Nitrogen - - - - - - : - - (4°75 to 6°63) 5°39 (4) 
‘“‘Oxygen absorbed” at once - - - - - = (8:26 to 10°40) 5:08 (5) 
3 » Mmahours- - = =) - + (17°74 to 25°44) 20°64 (5) 
Chlorine ~- - © =) =~ Hi RATE 7 (9-06 to 11°94) 10°74 (3) 
Solids by Centrifuge (Vols.) - - - - - = (126:0 to 328°0) 187.0 (5) 





These samples, generally speaking, had a strong sewage or partly soapy smell on 
the day of analysis and they contained much suspended matter. Comparing the above 
figures with those given by the hourly samples of settled sewage, the chance ones are 
seen to be the stronger as regards oxidizable matter, as measured by the ‘‘ oxygen 
absorbed” test, though the difference in strength would not have been very great if 
we had excluded the exceptionally strong sample, No. 3041, drawn at 2°40 p.m. on 
a washing day in dry weather. 


Comparing them with the hourly samples of crude sewage, the following reduction 
in figures is arrived at :— 


Calculated on :— Reduction. 

Total Nitrogen - - - yee) a 8 yes 11 per cent. 
“Oxygen absorbed” at once - —- SS en ee . ce 8 1S 
ne ‘5 in4hours + - : : = > : : is 21 3 
Solids by Centrifuge (vols.) - —- Bete a0 $5h Paeel nes. yee! he- 59, 





Bacteriological Notcs.—One sample of crude sewage and six samples of settled sewage 
were examined. The samples usually contained at least 100,000 B. coli and 100 spores 
of B. enteritidis sporogenes per c.c. The neutral red broth, lactose peptone milk, 
indol and bile-salt glucose peptone tests commonly gave a positive result with 00001 
-¢.¢. (100,000 per c.c.\. Sample 3368, however, yielded remarkable results for a settled 


sewage. 
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The B. coli and neutral red broth tests yielded negative results with ‘0001 


c.c. (1/10,000 c.c.) and there were no spores of B. enteritidis sporogenes inl c.c. But 


the chemical figures were normal 


apparently anomalous result. 
duis) ffs beth iy wpowep- chug te paler ee Perel pete ie eae eee 


N.R.=Neutral red broth 
test. 
In. =Indol test. 





Description of the B. coli test. L.P.M. = Lactose peptone 
Sample. milk test. 
B.S.=Bile-salt glucose 
peptone test. 
3126. Clifton Crude — N.R. = 100,000 
Sewage, 17/3/03. B.S. = 100,000 
3041. Clifton Settled 100,000 N.R. = 100,000 
Sewage, 4/11/02. (-- indol) In. = 100,000 
(+ clot) 
3078. Clifton Settled 100,000 N.R. = 100,000 
Sewage. 17/12/02. (+ indol) In. = 100,000 
(+ c'ot) L.P.M. = 100,000 
- BS. = 100,000 


3368. Clifton Settled 
Sewage, 26/1/04. 


3524. Clifton Settled 
Sewage, 26/7/04. 


3554. Clifton Settled 
Sewage, 13/10/04. 


3585. Clifton Settled |10,000 not 100,000 


1,000 not 10,000 | N.R.= 1,000 not 10,000 


(— indol) 


(+ clot) 


100,000 


(+4 indol) 
(- clot) 


100,000 
( = indol) 
(+ clot) 


N.R. = 100,000 
L.P.M.= 100,000 
B.S. = 100,000 
N.R. = 100,000 
B.S. = 100,000 
N.R. = 100,000 


B. enteritidis 


sporogenes test. 


100 not 1,000 


100 not 1,000 


100 not 1,000 


Negative 1 c.c. 
100 not 1,100 
100 not 1,000 


100 not 1,000 


and it is difficult to suggest any explanation of this 


Remarks. 


Number of  mi- 
crobes (agar. at 
3i°C) 4=- «6 
million per c.c. 

“Gas” test + 
.0001 «.c. (24 
hours at 20°C.). 








Depth of material - 
Total cubic content 
Material ° : 


Sewage, 20/12/04. (++ indol) B.S. =10,000 not 100,000 
(+ clot) 
FILTERS. . 
Number : F \ Zt 4. 
Size of each - - = - 
Total area - - - ° 


No. 1—237:2 square yards. 
No.2—1133 _, ; 
No. 8—336'1 __,, %» 
No. 4—367°3 __,, $3 


1,054 square yards. 
4 feet. 
1,405 cube yards. 


No.*1 filter :— 
(Top) 6 inches of fine cinders ; 
2 feet 6 inches of rough 
cinders. 
(Bottom) 1 foot of gravel. 


No. 2 filter :— 
4 feet of Cinders of all sizes. 


Nos. 3 and 4 filters :-— 
(Top) 1 foot of coarse sand ; 
3 feet of cinders. 
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- Construction.—All the filters are constructed by simple excavation in the bottom of 
the clough. The underdraining varies according to the size of the filter. No. 4, : 
which is the largest; has two cross drains, consisting of six-inch agricultural pipes un- 
jointed, on each side of the main invert in the bottom of the clough ; Nos. 2and 3 have 
one cross drain on each side of the invert, and No, 1 is drained only by the invert itself. 


Distribution. —'The fine material placed. on the surface of the filters renders it 
unnecessary to have any mechanical distributor. The settled sewage is therefore 
delivered from one or more points straight on to the surface of the filter in use. At 
one time the crude sewage (and, later, the settled sewage) was first allowed to trickle 
through the grass down the side of the clough and so to find its way on to the filter; 
but except upon one side ofa single filter, this method of feeding has now been 
abandoned, as it made the banks very wet and sodden. 


When a filter is brought into use after having been rested, and especially if it has 
been scraped during the rest, the settled sewage sinks rapidly into the material near 
the delivery pipe, and this, as will be seen later, sometimes results in bad 
effluents. In course of time, however, owing to the clogging of the material where the 
settled sewage is finding its way downwards, the liquid gradually spreads until the 
greater part of the filter surface becomes ponded. 


Working.—The usual plan of working is to feed two filters for about six hours each 
during the day, and then to turn the settled sewage on to No. 2 filter for the whole 
of the night. There are no fixed rules, however, and the number of times that a bed 
is brought into use, and the length of the period during which it is worked, vary very 
much according to the state of the surface material and the volume of sewage arriving 
at the works. The two main principles upon which the filters are worked by the man 
in charge are:— -  . 


(1) That the settled sewage shall not find its way into the material too rapidly ; and 


(2) That the filter shall not be continued in use after it has become ponded. 


Sometimes in wet weather it has been found necessary, in order to deal with the 
sewage reaching the works, to run the filters in a completely ponded condition; but 
this does not happen often, and, as a rule, a bed is cut off when it is four-fifths covered. 


The surfaces of the filters are scraped on the average once in three months. The 
scrapings are heaped on the works. 


Age of Filters.—Nos. 2 and 3 were brought into use in the spring of 1898; Nos. 
3 and 4 have been in constant operation since 1891. 


Amount of setiled sewage treated upon the filters —On the basis of the dry weather 
flow, which is estimated at approximately 22,000 gallons per 24 hours, the filters treat 
the following quantities of settled sewage :— 
‘ 4 


Per square yard per 24 hours - . - - 20°8 gallons. 
Per cube yard per 24 hours _ 3 - - - 156 gallons. 


These figures are obtained by dividing the total area or the total cubic content 
into the dry weather flow. Since, however, the filters are generally worked singly, 
the actual rate of flow through the particular filter in use is much greater. 


Effiuents.— Hourly Samples.—Three sets of hourly samples and seven chance 
samples were examined chemically. The hourly samples, Nos. 3369, 3372 and 3376, 
drawn according to the rate of flow of the settled sewage, at the same time as the 


6225.—App. III. ) . 


130 


hourly samples of crude‘and of settled sewage, were remar kably uniforny i im COM Posteo ns | 
pa HE They Ss the (OOH ire 





Nam bease of 34 

















Parts she 100, 000" Average. Vie 

Ammoniacal Nitrogen we Ser nae OFT Man ac) 0°80 (3) 
* Albuminoid Nitrogen = - . SOE GET, LO _ SEPT O-OGsto ning a eG | si cchainds 3 : ; 
Total Organic Nitrogen - - - . - - - (0°22 to 0:32) ~ 0°26 haf) 
Oxidized Nitrogen » + “444 - wor leg htis - (O'71.to 0°94) . 0°82. - » (8) * 4 
Total Nitrogen ‘ De GW BE Da CS oe ee (1°72 to 2°01) | © “188 Og (3) e 
“Oxygen absorbed” atonce at’ 27° Cor 80° F.=" 2 (9:29 to 0:36) a 1) Ra i bade aes 

‘i + in 4 hours - - . - - (1:00 to 1:19) 1:10 (3) 
Chlorine, #2; 9 soon, Fase haan cage elmer ene ton Coen 683. fs. .Bkys 
Incubator test iGcndden), - : - -. 7 ¢uatitee Pale nest] aS paseedt, tharraate) aeee 

” »y (by smell). === ; ; i “BU aid ' 3 passed: (8) 
sl whim dpe, 
Smell when analysed - - - - ERATE EOPAI SC! SS a } Sree : : Air li BAG gyenors 
Solids in Suspension OE RT Ut em 
Solids by Centrifuge (vols, ) 1 43-7 eee ree (40: 0 to 670) |. 520 — " (3) as 
Ratio of solids in Suspension to Centrifuge solids AL: 19: 1, 14: Sand 14:3 ob otslertee | trons ystte 


In appearance; these effluents were brownish and rather turbid, from‘ the presence of: 
apparently a considerable quantity of very flocculent buff-coloured suspended matter: 
The two first had an earthy smell and the third a slight sewage smell—it must, howevery,. 
have been very slight—when they came to be analysed. It will be seen, by comparing 
the chlorine figures of these effluents with those of the hourly samples of crude and 
settled sewage, that they were respectively :— 


Chlorine. 
Effluent - - - - - - 6:83 
Settled Sewage - - - - 956 
Crude Sewage. ei sia) ul if sedteQbhdgs 


' It would appear, therefore, that the effluent was diluted with ground water, 
probably in the proportion of about two parts of effluent proper to one part of 
water. We were aware of the existence of this water before the samples were 
taken, and. endeavoured to intercept it, but—as the: result shows—with “only 
partial success. With this proviso, it will be seen that the effluents were of very® 
fair, though not of the highest, quality (see chance samples). They all withstood 
incubation, without using up much of their nitrate. The buff-coloured solids 
present, which were extremely. flocculent, consisted of organic and -inorganic matter. 
in about equal proportions. 


As compared with the hourly samples of crude and of settled sewage, these ee 
samples of effluent. show the following percentage reduction in figures+—\ 











Calculated on :— Crude Sewage. | Settled Sewage. 

Total Nitrogen » et ee Bie ee 69 per cent. 66 per cent. 

reduction. reduction. 
Ammoniacal Nitrogen - S “ E lle i - 79 | 3 80 fs 
Albuminoid Nitrogen  - : - - on a 87 % 
Total Organic Nitrogen - - - - - jie: - 2 88 ” 83 ” 
“Oxygen absorbed” ‘at once - : ; - - ath GG 5 95 ” oS ” 
-r a in 4 hours - ‘ é F 2 ps ¥ 96 2 93 ” 
Solids in Suspension . a ‘ ms : 5 . . 89 . 65 93 
Solida, by, Centriiuge (Veli.),-t1= = 48 <n ar Bin cai 


“* The ‘figures given for albuminoid nitrogen in the effluents, both- hourly and chance, are probably 
a little too high. 
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\~ Ascalready mentioned, when referring to’ the: figures. for. chlorine,.these -reduction 
figures require to be lowered by about- one-third, .to get at. the.-true. values. .. 
Chance. Samples.-—In. addition. to the hourly samples, seven,chance samples of effluent 


were examined chemically, viz., Nos..3042, 3079, 3403c,..708, .3525,. 3555.and 3586. 
These were drawn at various seasons of the year, between. the. hours of 10.30 a.m. and 
5.45 p.m.—nearly all of them in dry weather. 


They gave the following results :— 








Number of 


edd exivenwe wibrod? alterrea nds Ken Parts per 100,000: Average. |-poii ations, 


ra : #2 ‘ . . 


Apmioniacal’ Mitrogen' 6" OL Ps GN MOE DEB (863 to! 1°82) 0-95 














Albuminoid Nitrogen’ =---°- “<- | - a (0°10 to 0°37) CL (3) 
Oxidized Nitrogen - + = = = = (0°78 to 2:02 approx:) 1°16 (7) 
“Oxygen absorbed” at once at. 27°C. -...- - o>. (0°14 to 0°83) - 042. (7). 
enh, Ps in 4 hours - - “ty at (0-91 to 5-70) 206 (7) 
Dissolved Oxygen taken up in 24 hours at baat 18°.C. ° (0°23* to 2:34) 0-93... | (Ts 
Chlorine - - | : : - = (6-96 to 8:86) | 7°86 | (4) 
Incubator Test (Scudder) -.— - : ei (6) 
=v, 1102 22.0 mies areas ee aaa pom eo 
pny 3 good | 
Smell when drawn - -. - Pe Ae ee oe eee eR SOBDY' OF (6) 
sewagie ; 
1 doubtful 
4 good ; 
at 2 earthy 
Smell when analysed - - - - - - - . - - ‘and soapy ; (7) 
es 1 rather 
sour 
Solids in Suspension : - - - - - (2:90 to 7°40) 5°60 (5) 
Solids by Centrifuge (Vols) - - - (13.0 to 65-0) 37-6 | (5) 
Ratio of Solids in Suspension to Centrifuge Solids (1:55 to 1: 10°) Tea La | (4) 








Four of the above chance samples were noted, when drawn, as_ probably 
containing some admixed water, and no doubt this held good for the other three 
also. - In general appearance they were more or less like the hourly samples of 
effluent, and they filtered through paper to a bright and clear liquid. A glance 
at the above figures is sufficient to show that these effluents were far from ‘even 
in composition, and a word or two may be said about them individually. 


No. 3042, drawn when the bed had received its full complement of settled sewage, 
and was completely ponded, and which probably contained drainings from other beds, 
was a sample of high quality (e.g., it took up very little dissolved oxygen from water 
in 48 hours, and the other figures of analysis were also good). 


No. 3079, drawn one hour after the effluent had begun to flow from the bed, 2.e., 
shortly after the bed been brought into use after a rest, was.a poor sample, and failed 
to withstand. incubation. 


No. 3403¢, drawn when the bed was completely ponded after having been fed with 
settled sewage for six hours, was of fair quality, apart from the 7'4 parts of suspended 
solids that it contained. Even with: these, it withstood a Sele thoughi it took up 
0°63 part of dissolved oxygen in 24 hours. 


No. 708, drawn probably after the two beds had been in use for about 33 hours, 
the sewage being very dilute, was good, apart from its 6 parts of suspended solids— 
very good indeed after filtration through paper (¢g. . Dissolved oxygen absorption in 
94 hours :—Original effluent 0°62; paper-filtered effluent 0°10). 


No. 3525, drawn after the bed had been in use for 4 hours, and when it was 
aibhivd ponded, the surface material being: rather looser. tha. usual, was also.good, 
and: very good after-paper filtration :(¢.g.\: Dissolved pxygen absorption i in 24 hours :— 
Or — Ses 0:38 ; paper-filtered effluent'007)..) 83 0 0s 


= i 48 Hours at laboratory temperature. 
6225.-—App. hee 
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No. 3555, drawn after the bed had been in use for 7 hours, and was one-third 
ponded, also good, excepting for its 5 parts of suspended solids. 


No. 3586, drawn from three beds, all of which were completely ponded, and which 
had been in use for periods varying from 3} to about 20 hours, was a poor sample, which 
failed to withstand incubation. 


It has been already seen that, taking the effluents generally, as exemplified in 
the hourly samples, they are of good quality. On the other hand, the chance samples 
show that their quality varies greatly, according to the length of tine which elapses 
between the starting of a bed and the drawing of the sample. Broadly speaking, the 
liquid which passes through first, does so rapidly and results in a poor effluent. As 
the distribution improves, the effluent also improves up to a certain period, which is 
reached soon after the bed has become completely ponded ; after this, again, the 
effluent falls off in quality. 


The chance samples of effluent from Clifton varied so much in composition that any 
comparative “reduction” figures are of small value, but one or two may be given here, 
to be contrasted with those from the hourly samples of effluent. 





Calculated on :— Crude Sewage. Settled Sewage. 
“Oxygen absorbed” at once Sieur i - - + =| 93 per cent. reduction. | 89 per cent. reduction, 
af op in 4 hours - = 3 3 2 - | 92 ” ” 86 ” ” 
Solids in Suspension - - - - 2 2 : - | 89 ‘ “8 77 : ‘ 
Solids by Centrifuge (vols.) - - - - - - | 92 5 74 x is 





The following figures are of interest, as showing to what extent the flocculent solids 
in the better effluents affect their purity :— oe 


























Number of’ Sante 708. 3525. 3555. 
Filtered Filtered | Filtered. Settled 
Original.; thro’ || Original.| thro’ | Original.’ thro’ for 
paper. paper. paper. | 2 Days. 
pres ~ svi sell tS NS a ee 
Solids in suspension - — - sly 43)¢f6°00 — 2°90 te 5°10 = = 
“Oxygen absorbed” at once at 272 C. | 0°38 0°38 0:28 0:29 0°66 0:23 0:26 
»  imdhours - -| 099 | 058 | 118 | 084 | 170 | 093 | 104- 
Incubator Tests - - - : -| Passed | Passed || Passed | Passed || Passed Sai Passed. 
Dissolved Oxygen taken up at about cally. 
18° C. in 24 hours - - - 


0°62 0°10 0°38 0:07 0°42 0:20 0°32 
Ditto. ditto in 48 hours - : — — 0°53 0-14 — — are 





These figures, more especially those for dissolved oxygen absorption, show that 
any impurity in the better effluents is largely due to the flocculent suspended 
solids which they contain ; but even those solids do not take up oxygen at a rapid rate, 
as is seen by the figures for “ oxygen absorbed from permanganate” a¢ once, given 
by Nos. 708 and 3525, and by the comparative figures for dissolved oxygen absorption 
in 24 and in 48 hours, given by No. 3525. Apart from the suspended solids, the 
three effluents in question were of excellent quality, chemically. | | 


Bacteriological Notes.—The results of the bacteriological examination of the Clifton 
effluents are shewn in the accompanying table. The effluents usually contained 10 to 
100 (but more often 10 than 100) spores of B. enteritidis sporogenes per c.c. As 
judged by B. coli, neutral red broth, indol, lactose peptone milk and bile salt glucose 
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peptone tests, the worst effluents yielded positive results with from ‘0001 c.c. (10,000 
per c.c.) to 00001 c.c. (100,000 per c.c.), but the best effluents yielded negative 
results with from ‘0001 c.c. (1/10,000 c.c.) to ‘001 ¢.c. (1/1000 ¢.c.) Only two out of 
nine samples contained 100,000 B. coli per cc. Many of the coli-like microbes 
isolated from the effluents failed to produce indol in broth culture and clot in milk 
culture. A virulent strain of a microbe, indistinguishable from B. pyocyaneus, was 
isolated from 1/100 c.c. of effluent No. 3042. : | 


For an artificial process of sewage purification the bacteriological results have been 
usually good, but, in this connexion, the mechanical composition of the beds, the 
comparatively small volume treated per cubic yard, and the nature of the sewage 
must be taken into consideration. 





N.R.=Neutral Red 











Broth Test. | 
as In.=Indol Test. oat 
eee o B. Coli Test. | L.P.M.=Lactose Peptone a ‘ eed Remarks, 
ple. Milk Test. porogenes Test. | 
B.S.=Bile Salt Glucose | 
Peptone Test. 
3042. Clifton Efftuent, 100,000 N.R.=100,000 10 not 100 Virulent B. Pyo- 
4/11/02. (— indol) In. =100,000 | cyaneus isolated 
(+ clot) | from 1/100 c.c. 
3079. Clifton Effluent, 100,000 N.R.=100,000 10 not 100 | Number. of. mi 
17/12/02. (— indol) In. =100,000 | erobes (agar at 
(— clot) L.P.M.=10,000 not 37° C.) 322,000 
100,000 PP Der CG as, 
B.S. =100,000 | test + -001 ce. 
(24 hrs. at 20°C.) 











3369. Clifton Effluent, | 100 not 1,000 N.R.=100,000 10 not 100 
» 26/1/04. (— indol) 
(— clot) 
3372. Clifton Effluent, |10,000 not 100,000)N.R.=10,000 not 100,000} 100 not 1,000 
27/1/04. (— indol) 
(— clot) 
3376. Clifton Effluent,} 100 not 1,000 N.R. 100 not 1,000 10 not 100 
28/1/04. (— indol) 
(+ clot) 
34028. Clifton Effluent, |1,000 not 10,000 | N.R.=1,000 not 10,000 10 not 100 
24/2/04. (+ indol) 
(++ clot) 
708. Clifton Effluent, = N.R.=10,000 not 100,000 10 not 100 


15/6/04. In. =1,000 not 10,000 
. B.S.=10,000 not 100,000 


3525. Clifton Effluent, | 1,000 not 10,000 | N.R.=10,000 not 100,000 1 not 10 
26/7/04. (+ indol) L.P.M.=10,000 not 
(— clot) 100,000 
B.S. =1,000 not 10,000 


3555. Clifton Effluent,| 100 not 1,000 | N.R.=1,000 not 10,000 | 100 not 1,000 





13/10/04. (— indol) B.S.=100 not 1,000 
(— clot) 
3586. Clifton Effluent, |10,000 not 100,000|N.R.=10,000 not 100,000) 100 not 1,000 
20/12/04. (+ indol) B.S.=10,000 not 100,000 
(++ clot) 











Effect of Temperature upon the working of the Filters ——The method of treatment 
at Clifton involves considerable exposure of the liquid on the surface of the filters. 
The temperature observations made are therefore interesting.* They show that instea | 





* The observations included isolated measurements made on the occasion of each visit to the works, 
several of these visits being made specially in cold weather, and also a set of temperatures taken every few 
hours for a period of four days, in January, 1904. 
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of taking its. temperature from that of the sewage, as is usually the. case, the effluent 
has a tendency to follow the atmosphere in temperature. Records of the working: of 
the filters in prolonged severe weather would therefore be of great interest: but no 
such weather was experienced during our observations.’ ‘The lowest effluent temperature 
measured was 4'8°C: (40°6°F.) On this oceasion the’ temperature of the atmosphere 
was 22°C. (86°F.), that of the sewage 89°C. (48°F.), and that of the settled sewage 
about 72°C. (45°F). 


SUMMARY. 


The crude sewage is of a very strong, soapy character, and the settled sewage which 
the filter beds treat is still strong and contains about 24 parts per 100,000 of suspended 
solids, or half the quantity present in the crude sewage. The settlement, while it does 
not compare with one in which precipitants are used, is effected at small cost of time 
and money. The emptying of the sewage sludge from the tank gives rise to a slight 
smell while it is being carried out, but there are no houses near the works, although 
a public footpath runs by them. ! 3 es 1; 


The filter beds are inexpensive, both as regards their construction and their working,— 
points of great moment for a small community. 


The filters have been in operation for periods varying from six to fourteen years, and, 
referring more especially to those which are-covered with sand, they seem’ to be inno 
danger of becoming permanently clogged. This may at first sight appear curious, 
seeing that they are treating a sewage containing so much suspended matter ; but, these 
suspended solids are retained by the fine material on the surface of ‘the bed, which‘‘is 
periodically scraped, and, further, the actual volume of settled sewage treated per 
cube yard of filter is only 15°6 gallons per 24 hours. te 


Excepting during the cleaning of the ‘tank, and occasionally also at the sewage out- 
fall, we have not observed any serious nuisance from smell at Clifton. 


The system of sewage purification may be looked upon as being ina sense intermediate 
between land filtration proper and what is usually understood as artificial filtration. 
It has therefore a peculiar interest of its own, both chemically and bacteriologically. 


The effluent, taken as a whole, is satisfactory, but the earlier portions: of. the liquid 
flowing from a bed which has just come into use after being rested are not sufficiently 
purified, owing to the imperfect distribution. This constitutes the weakest point of the 
system, and it mightin some cases render the process inapplicable, without the addition 
of a separate form of distribution. Another danger which has to be guarded against is 
ponding of the beds for too long periods at a time, with resulting deterioration of the 
effluent. Lastly, it is necessary to point out that this method of sewage purification 
requires skilful management; should that be lacking, the results would certainly be 
unsatisfactory. 


The effluent from the sewage works mixes, under the filter beds, with something like 
its own volume of surface water, the mixture then flowing rapidly in a succession’ of 
small waterfalls down the bed of the ravine, till it disappears in a pipe which carries it 
under a railway and a canal. The bed of the rivulet for this distance (about 100 yards) 


has always appeared clean during our observations, and there have been no signs of 
fungus. 


We are indebted to Mr. C. C. Hooley, Surveyor to the Barton-upon-Irwell Rural 
District Council, and also to Mr. Patrick Curran, Manager of the works, for assistance 
during the observations. 
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Gallons of septic tank liquor treated per 
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Gallons of septic tank liquor treated per 
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The final effluent is discharged into : s 





Exeter. 


Closed. septic’ tanks: atidsingle 

’ contact filtration, followed’ by 
land treatment. (Exeter 
Septic Tank Syndicate.) 

38,000 -( estimated average.) » 


25 gallons :-tlie river: siesta soft» 
water. 


12300. a 
1,300,000 eeviag ete al S64} 


342 
A strong domestic sewage. **: 


‘November, 1902 to September, 
1905. 


3 months. 

“Not much more than 2,500,000 
gallons (of sewage and storm 
water together) is treated by the 
filters in 24 hours. 

1,440,000 

12,000 

18,000 


Furnace clinkers. 


83'3 
50°5 


The river Exe. 








2 


* The sewage consists of the. discharge of about 12,300 water closets, mixed with waste liquors from 


two large and one or two small Breweries, one large Tannery, and two Paper Mills. 
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FLOW OF SEWAGE. 


The City is drainéd upon the combined system, and a large proportion of the rain 
finds its way into the sewers. Owing, however, to the storm-overflows on the branch 
intercepting sewers, and to a large storm-overflow on the main sewer close to the 
works, not more than six* times the dry weather flow ever passes to the tanks. 


As at present arranged, the automatic gear actuating the filters does not allow of 
the filling of more than about 25 beds per day, the contact being for a set period ; in 
order to fill more beds than this, the syphons which regulate the contact would require 
to be re-set. Atan estimated capacity of 35 per cent. of the original empty tank capacity, 
95 fillings per day are equivalent to 2} million gallons; this is, therefore, the maximum 
quantity treated, and also the maximum which the filters are designed to treat. Any 
excess above this flows over a second overflow, situated between the tanks and the 
filters, on to a small plot of land (5 acres), close by. The soil of this plot is marl over- — 
lying water-logged gravel. When a small quantity of tank liquor is put upon it, the 
liquid sinks slowly into the subsoil water ; but in times of heavy storm it ponds up on 
the surface of the land, and is eventually sent into the river by opening a plug in the bank. 


The flow of sewage was gauged throughout a period of fourteen days, in June, 1908. 
The first half of this fortnight was wet, and gave facilities for wet weather gaugings 
only, but for the remainder of the time the gaugings continued in perfectly dry weather. 
It is more than probable, however, that the preceding wet weather affected to some 
extent the flow during the second week of the gauging, and that the estimates 
of the dry weather flow thus obtained are higher than they should be, although possibly 
not too high for the year in question, which was an abnormally wet one. 


The average flow during the last seven days of the period mentioned above was 
1,300,000 gallons per 24 hours, the highest flow being 1,435,000 gallons on the Tuesday, 
and the lowest 1,172,000 gallons on the Saturday. 


As the figure obtained for dry weather flow by the above gaugings was known to be 
high, the estimate made by the authorities of a dry weather flow of 1,000,000 gallons 
has been taken for the calculations relating to the quantity of sewage treated. 


The flow in dry weather is of a rather undulating character, the general daily 
variation being in the proportion of about four volumes in the daytime to oné at night. 
In wet weather, unless heavy showers happen to be falling upon dry ground, the 
general variations of the sewage flow are not so marked, owing to the working of the 
storm overflows and also to the night flow becoming much swollen with ground water. 


On diagram H are given some illustrations of the sewage flow at Exeter. 


Crude Sewage.—In addition to four chance samples, the usual three sets of hourly 
samples extending over three days—Nos. 561, 564 and 567—were examined chemically. 
These were drawn in the latter part of June, 1903, the weather being dry on the first 
and third days of sampling, while 0°12 inch of rain fell on the second day. The 
following results were obtained :— 








Parts per 100,000. Average. ee 

Ammoniacal Nitrogen’ - “COU, 22 Geo OPS (4:34 to 5-02) 466 | (3) 
Albuminoid Nitrogen - - - - - « ~~ . (148t0.170)| 137. (3) 
Total Organi¢: Nitrogen =e (2:98 to 3°97) 3:23 (3) 
Total Nitrogen =) (7-62 to 8°31) 7°89 (3) 
“Oxygen absorbed” at 27° C (80° F.) at once - = - (4:59 to 592) 5-44 (3) 

: : 5 ind hours -  - (16-90 to 22°88) | 19°86 (3) 
Chiorine-" = (10:92 to 11:48) 11-20 (3) 
Solidsin suspension = -- - - ©- - ©.) ) ) (34-6 $0:39-2) 37:2 (3) 
Solids by centrifuge (vols) - - - - = - (195-0 to 342-0) 246-0 (3) 
Ratio of solids in suspension to centrifuge solids - - (1:5:1to 1: 8°7) 1:65 (3) 











The above samples were pretty uniform in composition, though the rain of the second 
day diluted No. 564 to a/certain extent. The samples all contained tan refuse and 


* This figure is, we understand, an estimate, and appears to us to be too high, but we have no actual gaugings. 





Diagram H. 


DIAGRAMS SHOWING FLOW OF SEWAGE AT Exeter (Main Works) 


AS FALLING OVER A WeE1IR 36 WIDE. 
Note: Over'a Weir 36 wide, 2-50 inches 
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they all had a dark brown colour and more or less of a tan; as well as a sewage, smell; 
the presence of tan refuse no doubt accounts, in part, for the high figure for “ oxygen 
absorbed” from permanganate (19°9).. The nitrogen figure (7:9) is also fairly high, but 
the suspended solids (about 37 parts) are not excessive. The Works have thus to 
deal with a strong sewage. | 


Only two chance samples of sewage and two of storm water sewage were examined. 
The first chance sample of sewage, No. 3066, was drawn on November 26th, 1902, at 
3.50 p.m., in wet weather, the storm overflow being then in operation ; it had almost the 
same strength as the hourly samples (total nitrogen, 6°87; ‘‘ oxygen absorbed” in 4 
hours, 18°26; solids by centrifuge, 188). The second sample, No. 3108, drawn on 
February 26th, 19038, at 9 a.m., in dry weather following heavy rain, gave the figures :— 
total nitrogen, 7-93 ; “oxygen absorbed” in 4 hours, 12°91; solids by centrifuge, 119. 


The figures for the two storm-water samples, Nos. 3144 and 616, are instructive 
{with regard to the question of settlement of storm waters) :— 





Parts per 100,000. No. 3144. No. 616. 
‘Total Nitrogen -  - - - : - 2°36 — 
“Oxygen absorbed” at 27° C. (80° F.) at once - 4:06 1°32 
* & ‘ a in 4 hours - 20°10 | 6°58 
sgt : A RAIS : 47-4 Volatile 15°5 Volatile. 
aR pa oa" - | 408° << 360-7 Non-volatile| 25°6<2194 Non-volatile, 


No. 3144 was drawn on May 5th, 1903, about 15 minutes after a heavy shower had 
set the storm overflow at work, while No. 616 was drawn in October of the same year, 
again fifteen minutes after the overflow had been started, but there having been heavy 
rain on the preceding night. | 

Bacteriological Notes: Crude Sewage.—The B. coli and presumptive tests for B. coli 
yielded in all cases positive results with yoo!ooo ¢.c- (100,000 per cc.). The B. 
enteritidis sporogenes test yielded positive results with from 75 ¢.c. to zgdgq &.C. 
{10 to 10,000 per c.c.). | 

; e 

Storm Overflow Discharge.—Four samples were examined. The B. coli and pre- 
sumptive tests for B. coli yielded positive results with from yo359 tO r9hbop 6.C. 
{10,000 to 100,000 per c.c.) 3 | 

The B. enteritidis sporogenes test yielded the following results :—One sample 
contained 10, another sample contained 100, and the remaining .two samples 1,000 
spores of this anaerobe per c.c. ae , 


Crude Sewage. 
B.S. =Bile-salt glucose 


Number of B. Pere phe 
~ Description of the coli (or gas-form- eho tee red broth B. enteritidis R k 
Sample. ing coli-like IneIn aniteeat sporogenes test. pag dies 
Se i L.P.M.=Lactose _ pep- 
tone milk test. 
MAIN WORKS. 
3066. Exeter crude| 100,000 100,000 B.S. 100 not 1,000 | “Gas” - test 
sewage, 26/11/02: (-Lindol) 100,000 N.R. +001 c.c. (24 
(+clot) 100,000 In. hours at 20°C). 
100,000 L.P.M. | 
3108. Exeter crude 100,000 100,000 B.S. - 10,000 
sewage, 26/2/03. (+-indol) 100,000 N.R. 
| (+-elot) 100,000 In. 
561. Exeter crude — 100,000 N.R. 10 not 100 
sewage, 23/6/03. 
564. Exeter crude — 100,000 N.R. ——-|-:1,000 not 10,000 
sewage, 24/6/03. 
‘567. Exeter crude a 100.000 N.R. 1,000 not 10,000 


sewage, 25/6/03. 
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Storm overflow discharge...» 





1 BbsSieesilosstilt 2 G60) ico eesanaieatan a |e 
peptone test. nies. 


$d | Number of B. i Wo 2 
Description of the coli (or gas-form- Dita eso 3! B. enteritidis 


Sample. ing coli-like Me REE Pe _ Sporogenes test. 
microbe 8) L.P.M.=Lactose pep- | 
tone milk test. } 


on 


Remarks, ’> 


* Lg - 


MAIN WORKS. 
3144. Exeter storm = 10,000 not 100,000 N-R. |: 100 not 1,000 
‘overflow liquid, baa uv2 : Ge} 
_ 5/5/08. sssdiae bi dies ebay ea 
3198. Exeter storm — 100,000 N.R. |} 10 not 100 © 
~ overflow liquid, % a Lae 
22/7/03. HOO OO 39K] 
614. Exeter — storm /10,000 not 100,000) 10,000 not 100,000 N.R. | 1,000 not 10,000 
overflow liquid, (+-indol) . : - : : 
6/10/03. | (-+elot) Ji aah sheen 
616. Exeter _ storm 100,000 .. 100,000 N.R. . 1,000 not 10,000 
overflow liquid, | (—indol) © . | : 


6/10/03. ; (—clot) - - 





GRIT CHAMBERS. 


Before passing into the septic tanks, the sewage flows through 3 orit chambers, each 
about 20 feet long by 6 feet wide by 4 feet deep, and having each a capacity of about. 
3,000 gallons. aa ome 


At the beginning of the observations the suspended matter which settled in these 
chambers was stirred up every morning and allowed to.go forward into the septic 
tanks; but, as it was found to consist chiefly of gritty matter, it was afterwards. 
removed from the chambers once a weels, by ladling into barrows. It is used on the 
works for flower beds. 9) <A scobceseQ ‘etal 


SEPTIC TANKS. (9.8 


Number ac aah - - 6. 2 
Sizeofeach - - - ~- 177 feet by 36 feet. . 
Depth of water - - - 6 feet. ou 
Capacity of each tank -  - 240,000 gallons. 
Total capacity — - - + 1,440,000 gallons. . 


Construction.—The tanks are constructed of cement concrete throughout, each being 
covered in by triplicate arches, carried on 47 brick piers, and the whole roof having a 
layer of soil spread over it, There are no submerged walls in the tanks, but the 
brick piers no doubt have the effect, to some extent, of distributing the flow. 


From the grit chambers the sewage passes to a channel carried along the end ‘of the 
tanks, From there it falls into a second parallel channel, the entrance to the tanks: 
béing controlled by six valves, which open into the six tanks, The second channel is. 
divided into six parts and valves are placed at the divisions, the arrangement being 
such that the sewage can be put through any desired number of tanks. 


From the second channel four pipes Jead off into each, tank, delivering below the 
water level, and the tank liquor issues at ‘the outlet end through a slotted pipe 
eee the whole width of each tank, This pipe is also placed. below, the. water. 

vel. ae-ved on ry ae ; Bias 3 on VN 


Each tank is also fitted with six sludge ‘valves, connected-with slotted pipes; whieh? 
are laid in grooyes cut in the concrete bottom. These slotted pipes aré ‘about 9 feet 
apart and extend fromthe outlet end .to*about one-third ofthe way.towards the inlets — 
end of the tank, f . | £9. 9.88 saewons 


¥ Per ; MKS 
sth’ A§sgr.- 
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Flow Through.—If all the tanks were in use at’ one time, the flow through, with a 
ty weather flow of one million gallons, would be once in 345 hours, at the rate of 
1:03 inches per minute.’ As a’rule,: however, not more than two tanks are in use, and 
on ‘this basis the flows through would be, in dry weather, once in 115 hours, at the 
rate of 3°09 inches per minute. 


Working.—The tanks are used in parallel. When first brought into use in 1902, all 
six tanks were kept continually at work; but in that year some nuisance arose from the 
tank liquor, and as it was thought that this was due to the sewage having too long a 
stay in the tank, the plan of using only two tanks at a time, and resting the other four, 
was adopted. As the working tanks are changed once a month, each tank receives 
sewage for’ one month, and then rests for two months. 


Sludging. Epattis the first year-of their working (1902—1903),- no sludge was 
removed from any of the tanks. Towards the end of 1903, however, the upper portion 
of the material in the beds became very clogged and sodden- looking ; ; this was partly 
due, we think, to the amount of suspended matter issuing in the tank liquor, partly to 
the beds being filled with liquor to a depth of about six inches above the surface of 
the filtering “material, the level’ of which was lower than it should have been, and 
partly to the, abnormal rainfall of the year. From this time the sludge valves, or, 
as they were ‘called, the “cleansing pipes,” of the tanks were opened once a month, 
and the sludge was: ‘allowed. to gravitate to one of the two sludge wells at the side 
of the tanks and pumped from there on to the made ground, close by, ground which 
consists of a deep deposit of fine oe screenings. The operation is not attended 
ae ony. serious nuisance. 


“We have Gt teen’ able to make any measurement of the amount of sludge which 
148 accumulated in the tanks, but it is probably by this time (1905) considerable. 
From our experience at other ‘places, ‘and especially because the tanks at Exeter are 
large and contain a great number of piers, it is difficult to believe that the periodical 
removal, from the outlet ends of the tanks, of what must be regarded as a comparatively: 
small quantity of sludge will entirely obviate the necessity of an occasional complete 
sludging of the tanks—an operation which it appears to us will at these works be 
attended with some difficulty. 


Septic Tank Inquor.—tin addition to six chance samples, three sets of hourly samples: 
Nos. 562, 565 and 568, were examined chemically. These were drawn in June, 1908, 
under the same conditions as the hourly sets of sewage samples, 2.e., the first and third 
days were dry, but 0:12 inch of rain fell on the second day. As has been already 
stated, at the time those samples were drawn, the tank had been in use for about 
eighteen months. 


The following results were obtained :— - 


Number of 


Parts per 100,000. | Average. Estimations. 


Ammoniacal Nitrogen - ~~) - 2-2 e290 to B47) | 40 (3) 


Albuminoid Nitrogen - - - °-°) SS. *. 6-76 to 1-03) 0-91 (3) 
Total Organic Nitrogen Meet eee Lae to OO Leo (3) 
fo. me 2ee o 7-23 (3) 
“Oxygen absorbed” at 27° C. (80° F.) at once + =» = “(267 to 3°38) 2:99 (3) 
He eter teeter "(987 to 1052) | 1020. (3) 
Gea ees be - ee (10-48 to 13-44) 1217 (3) 
Solids in suspensions) i oes 2) acne yet oles cove (1U10.t0 14-90): [1p 1280) (3) | 
Solids by centrifuge (vols) - - - = rick. 12g (37-0 to 58-0) | 480 rt) pate 
Ratio of solids in suspension to centrifuge solids’ -~- -~ ~° 1: 33 tol: 42 1: 38 (8). | 
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. These hourly samples of septic tank liquor were of very uniform composition, though 
the suspended solids were rather higher in the second day’s set than in the other two, 
no doubt because of the rainfall on that day. A glance at the above figures shows 
that the liquor is a strong one, containing much suspended solids; these are nearly: 
twice as dense as the solids of the sewage. . ) i 


: As compared with the hourly samples of sewage, these hourly samples of septic tank 
liquor show the following reduction in figures :— bes 











Calculated on :— a | Reduction. . 
Total Nitrogen - (PGE )-R08!) yeithew ato To-dnee iat Gag aay 8 per cent. 
Albuminoid Nitrogen .os-5 ie (hte Fee Be ce 34—Cis, 
Total Organic Nitrogen - . . - . - - - - - - : ; 45 he 
“Oxygen, absorbed ” ationce’. +: 22:1} tect ease aster io -Iavet aft im 45 = : 
“s * in 4 hours oe ne Se eae eens ee ee CS peng 
Solids in suspension : + - - - - - - - - - - | 66 C=, 


‘The six chance samples of Exeter septic tank liquor examined chemically, Nos. 3065, 
31094, 507, 3146, 3471 and 3543, were drawn at all different seasons of the year, from 
November, 1902, to August, 1904. Though the weather was usually dry on the days 
that these were actually taken, it had for the most part been wet almost immediately 
before. The samples consequently show very great differences in composition, as is 
apparent from the following figures :— 





















Parts per 100,000. |. Average. Natt tnt is 

KramGnidéal Nitrogen’ "202 2°78? OMIA GOH Die 5G ee (3) 
Albuminoid Nitrogen - +) + + +) (0°78 and 0°35) = | 56 Ste 
Total Organic Nitrogen - - - - - (1:85 and 0°83) ns Pee 
Total Nitrogen - - - - - - - (B17 to 7-96) 598 |) 
“Oxygen absorbed ” at 27° C. (80° F.) at once (1:65 03:38) | 247 othe) 

: : < » im 4hours (4°41 to 12-42) 8-73 (6) 
Chigrined 5k... ee STA 7:18 (3) 
Solids Insuspension - - -. - - = (12:4 to 24-0) _ 1610 (6) 
Solids by centrifuge (vol) a; -.ana, - 800001180) | | 600 
Ratio of solids in suspension to centrifuge solids (1:2:1 to 1: 47) 1:33 “a - (6) 





These chance samples of septic tank liquor were for the most part brown and very 
turbid, with a tank smell, which was more or less pronounced according to the dilution. 
Sample No. 3065, drawn in very wet weather, contained an appreciable quantity of 
nitrate. Taking them all over, they were distinctly weaker than the hourly samples, 
but they contained more suspended solids, the mean figure for this (16°0) being a very 
high one. In the two years during which these- samples were taken no sludge was 
pemaged from the tank until the beginning of 1904, after which a little was taken out 
monthly. ; 





+ AD. — Approximate. 
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As compared with the hourly samples of séwage, these chance samples of septic tank 


liquor show the following reductions in figures :-— 





— 


Calculated on :— 2 “ Reduction. 
Total Nitrogen : - me a Saat = oh, he i aR - 34 per cent. 
“Oxygen absorbed ” at once - - - - - - - - : - - 55 9 
” ” an 4 hours - Se - = = i= (al Se ~ = 56 9 
Solids in suspension —- - os - - 8 ee te : < 57 ” 





Two samples of storm overflow liquor from the septic tank were also examined 


partially. he first of these, No. 3198, drawn on July 22nd, 1903, at 11.20 a.m., 
was the result of a short sharp thunder-shower at 10.30 a.m., on ground already wet 
from previous storms. The second, No. 614, was taken on the morning of October 
6th, 1903, at 9.30 a.m., in showery weather following heavy rain in the preceding night. 


These gave the figures :— 








No. 3198. No. 614. 
“Oxygen absorbed ” fines te ae — 0°89 
. a in 4 hours - - - 719 4:19 ; 
Solids in suspension- - - - — - 179 <i ae 5:1 eas, dee 
Solids by centrifuge (vols.) Stl Bild + 770 32:0 
Ratio of solids in suspension to centrifugé solids 1:43 1:63 


Bacteriological Notes.—Seven samples were examined bacteriologically. Practically 
all the samples yielded positive results with the B. coli test and presumptive tests 
for B. coli with -1/100,000 c.c. (100,000 per c.c.). Six out of the seven samples gave 
positive results with the B, enteritidis sporogenes test with 1/1,000 c.c. (1,000 per c.c.) 











B.S. =Bile Salt Glucose 
Peptone Test. 
Sate Number of B. Coli} N.R.=Neutral Red Sant: 
Description of the (or Gas-forming Broth Test: B. Enteritidis 
Sample. Coli-like Microbes).|  In.=Indol Test. Sporogenes Test. Remarks. 
L.P.M. =Lactose Peptone 
Milk Test. . 
Main Works. 
3065. Exeter septic tank 100,000 100,000 B.S. 1,000 not 10,000 “Gas” Test, 
liquor. 26/11/02. (+ indol) 100,000 N.R. + 001 c.c. 
(+ clot ) 100,000 In. (24 hours at 20°C.). 
100,000 L.P.M. 
3146. Exeter septic tank — 100,000 N.R. 100 not 1,000 
liquor. 5/5/03. 
562. Exeter septictank| = — 100,000 N.R. 1,000 not 10,000 
liquor. 23/6/03. 
565. Exeter septic tank — 100,000 N.R. 1,000 not 10,000 
liquor, 24/6/03. 
568. Exeter septic tank — 100,000 N.R. 1,000 not 10,000 
liquor. 25/6/03. | 
3471. Exeter septic tank |10,000 not 100,000 100,000 B.S. 1,000 not 10,000 
liquor. 7/6/04. (+ indol) 100,000 N.R. 
(+ clot ) 
3543. Exeter septic tank 100,000 100,000 B.S 1,000 not 10,000 
liquor. 18/8/04. (+ indol) 100,000 N.R 


(+ clot )> 
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FILTERS. 


Number a a ee ania mate 
Sizeofeach - - += += +  ‘About-1,000 square yards. 


Totalarea - -  -° -  * 12,000 square yards. 


Depth of material - ..- . -) -. Otieimallyemd atest men 
“3 ieee raised to 4 feet 6 inches 
in the spring of 1903. . 


Cubic content ofeach - + «+ 1,500 cube yards. 
Total cubic content - - - 18,000 cube yards. 


Material,—Furnace clinker which has passed’a 1 inch mesh but has been rejected 
by a} inch mesh, with a bottom layer of coarser material, 6 inches thick, laid over. 
the drains. Beds Nos. 1, 2, 3, 4, 5 and 8 have a bottom layer of coarse gravel 6 
inches deep. | | UGE Vo MELD 


Construction.—Cement concrete throughout. 


Distribution.—10 lines of 9-inch half pipes, laid on the surface of the material and 
fed through openings in the retaining walls from a main delivery channel. mee 


Underdraining.—The underdraining is effected by means of about 37 lines of 4-inch 
agricultural pipes, 3 feet apart, laid on the concrete bottom. These are connected 
with a main: outlet carrier (constructed underneath the main distributing channel), 
which discharges into the outlet chamber containing. the discharge valve. io, cides 


Working.—The filters are filled and empted automatically, by means of the siphonic 
gear designed by the Septic Tank Company, 


There are three sets of gear for the twelve beds, and the beds are therefore worked 
in groups of four. Three filters in each of these groups constitute the working set, 
while the fourth filter is resting. The plan of working is to give the filters in each 
set a complete rest of two days in rotation. 


‘Without working by hand, therefore, it is possible to fill three filters at any one time ; 
but, as it has been considered advisable that the filters should fill as quickly as possible, 
the usual method of working during the observations has been to connect the three gears 
together and to fill only one filter at a time. The general state of working, therefore, 
is one filter filling, one filter full, and one filter discharging. 


As soon as one of the filters is filled, a small quantity of filtered effluent flows from 
the discharge valve into its actuating bucket. The fall of this bucket closes the 
admission valve to the filter, but, on rising again after a proper interval has elapsed, 
owing to the siphoning out of its contents as the result of the discharge of the 
previous filter, it opens the discharge valve and releases the contents of the filter. The 
discharge of one full filter brings about the emptying of the actuating bucket in the 
next, and the counterweight of this then comes into play, closing its discharge valve 
and opening its admission, valve. The overflow pipes from all the filters in a set are 
connected into a continuous ring, by means of a four-way cock placed at-every junction. 
In this way a filter may be cut out of, or brought into, the working set. . 


During the observations, the time taken to fill a bed has been practically constant at 
three quarters to one-hour, and the period of contact has been a fixed one of approximately 
an hour and a quarter. When the observations commenced, in November, 1902, upon 
beds which had been in use for less than a year, each bed was receiving on the average 
about 2 fillings per day, and at the end of the observations, in September, 1905, the 
average rate of working’ was approximately the same, . ae 3 
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In the spring of 1903 the material on the surface of the beds became. clogged 
and sodden looking, for the following reasons :—(1) the large amount of suspended 
matter in the tank liquor; (2) because the beds up to that time had been regularly 
overfilled to a depth of 6 inches; and (8) because of the wet weather prevailing 
for some time previously. The result of this was that the beds filled very slowly and, 
as only one could be filled at-a time, the flow of tank liquor usually much exceeded 
the rate at which any one bed could-receive it. - At-this time, therefore, the over- 
flow situated between the tanks and the filters was very frequently in use, and on the 
occasion of one visit it was in use notwithstanding the fact that three beds were 
being filled at the time. 


The addition of 6 inches of new material, in September, 1903, put a stop to this 
difficulty of working, by giving the bed surfaces a better chance to dry, and since that 
time the gear has worked satisfactorily again. But this inability of an automatic gear 
to adapt itself to the special circumstances which often arise at a sewage works 
constitutes its weak point, and the above experience istherefore instructive. 


Age of Beds.—Some of the filters were first used at the end of 1901, and the others 
were brought into use as completed ; they: were all in operation in the summer of 


1902. 


Capacity.—The original total empty tank capacity of the 12 beds, when filled to a 
depth of 4 feet 6 inches, was 3,037,500 gallons, and on the assumption that the material, 
when first placed in position, occupied half the space of the tank, the total original 
water capacity was 1,518,750 gallons. ee eae ampeR et 


Owing to the large size of the beds and the narrowness of the delivery channels, 
it appeared for some time to be almost impossible to arrive at the capacity of the 
filters with any degree of accuracy, and, for this reason, the first part of the observa- 
tions did not include any such measurements. Eventually, however, the necessity of 
forming some approximate estimate of the capacity of the beds was so evident that 
special steps had to be taken, and an approximate measurement was made in 
September, 1905, by filling one of the beds over an 18-inch weir, placed in a 2-foot, 
channel. Taking the condition of this bed as typical of the whole filtering area,* the 
measurement gave a water capacity for the twelve beds of 828,000 gallons, 7.¢., a 
capacity equal to 54°5 per cent. of the original water capacity, or 27:2 per cent. of the 
original empty tank capacity. | | 


This estimate is only approximate ; but it. is thought to be sufficiently accurate to 
show that. about 50 per cent. of the water capacity of the beds had been. lost 
during the three years’ working. Pas | hs 


Amount of tank liquor treated upon. the filters.—On the basis of a dry-weather. flow > 
of one million gallons per 24 hours, the following amounts are treated on the beds :—. 


Per square yard per day - - - - -  83°3 gallons. 
Per cube yard per day - - mee, - 555 gallons. 


_Lfiuents, hourly samples.—Three sets of hourly samples of effluent and sixteen 
chance samples were examined chemically. The hourly samples, No. 563, 566 and 
569, were drawn in June, 1903, a period of the year when sewage is naturally strong, 
at the same time and under the same conditions of weather as the hourly samples of 
sewage and of septic tank liquor. At the time they were drawn, the filters had been 
in use for 12 to 18 months. Each hourly sample of effluent was made up of equal 
quantities of all the contact bed discharges for the 24 hours, drawn at mid-flow. — 





* In order to verify the above, another measurement was made on October 9th, 1905, this time on 
bed No. 12. The result showed an approximate’ capacity of 64,000 gallons, which, if this bed is taken as 
typical, gives a total water capacity of 768,000 gallons. Based on this measurement, the water capacity of the 
whole twelve filters in October, 1905, was 50°5 per cent. of the original water capacity, or 25°2 per cent. 
of the original empty tank capacity. . pd gite x! :* 
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They gave the following results es 7 








Parts per 100,000. | Average. | jumper of 

Ammoniaeal Nitrogen =) 0-00-02) = 02 7s +) QT to SBA) | BIB (3) 
Albuminoid Nitrogn*-  - - +. + += + (0°45 and 0°50) | - (2) 
Total Organic Nitrogen wl 4G Teen) a=) Saul ) : (1) 
Oxidized Nitrogen ee ene ee i baton Peas ay 0:28 ap. (3) , 
Total ‘Nitrogen’ <r of solo tettod o xeostata fadaqSi today (el A 3) 
“Oxygen absorbed” at 27°C. (80°F.) at once - - - (095 t0138)| 112 | (3) 

; i i »  tn4hours - + + (325 to 435) | 3°67 (3) 
Inqubator test (Scuddep)...- <2. +.) ea rs 
Incubator test (by smell) join «i fie gaye sroght » Bedofeernes- deseteiatan ssrer(@). 
Smell when drawn > ===) = ee oe ee (3) 

, smell. 

Smell when analysed = ~-- 2 = "+ © 2 = «© + =| 8 Ditto. (3) 
“Chlorine S67 (PET Farhi s O07 BG DE BOE REG g4htn 1300) aero eT (3) 
Solidsin suspension - - - - - + + +, (376 to584)|/ 463 (3) 
Solids by centrifuge (vols.) - - - - - = + (230t0600)} 420 (3) 
Ratio of solids in suspension to centrifuge solids - - (1:61 tol: 103) 1: 88 (3) 


——_—___—_—.- 





These three sets of hourly samples of effluent were of fairly uniform 
composition, though they increased in strength as the sampling went on. In 
appearance they were pale yellow in colour, and turbid from the presence of 
finely divided suspended matter. As will be seen from the figures of analysis, 
they were unsatisfactory in character if judged from the standpoint of a final 
effluent, per se, but, on the other hand, they showed a high percentage degree of puri- 
fication by single contact, if contrasted with the hourly samples of sewage and 
of tank liquor. All of them had a distinct sewage smell, both when drawn and 
when analysed, and they all failed to withstand incubation ; excepting in the first 
sample, there was practically no nitrate present in them on the day of analysis. 
The suspended solids, which were flocculent in character, averaged 4°6 parts per 
100,000. It must, however, be borne in mind that this effluent was not a final 
one, but had still to be passed over land. (cf. notes on the chance samples of 
effluent). | 


As compared with the hourly samples of sewage and of tank liquor, the above 
hourly samples of effluent show the following reduction in figures :— 








Calculated on :-- Sewage. _ Septic Tank Liquor. 

Total Nitrogen - 2 J fe 3 z - | 49 per cent. reduction. 45 per cent. reduction. 
““Oxygen absorbed” at once- —- PY altegie noe 93 63 ” ” 
49 ” iu 4 hours - : = 82 ” ” 64 ” ” 
‘Solids in ‘suspension = /<\."°" «2-0 eee le Re 5 63 ‘ , ec 





* Possibly slightly too bigh. 
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The sixteen chance samples of effluent examined were Nos. 3064, 31098, 508, 31464, 
3199, 3275, 3337, 3338, 666, 3470, 3528, 3544, 3551, 758, 3621 and 3469. The last 
was a “first flush,” and contained much more matter in suspension and less nitrate 
than No. 3470, which was drawn from the same emptying, but at mid-flow. Strictly 
speaking, No. 3469 ought not to be averaged with the other samples, but excepting 
that it raises the average figure for suspended solids in the effluents by about 
05 part per 109,000, its inclusion makes no material difference. The other 
fifteen were drawn at all seasons of the year, those in the cooler months predom- 
inating slightly, and two-thirds of them were taken either in wet weather or in 
dry weather immediately following wet. All of them were drawn at mid-flow, 
excepting No. 508, which was at quarter-flow, and No. 3337, at the end of the flow 
(this last sample consisted partly of drainings). The length of time of contact varied 
between three-quarters of an hour and three hours, but most of the samples received 
from one to one and a half hours’ contact, reckoning from the time that the bed was 
completely full. 


The following results were obtained :— 


Parts per 100,000. Average. ie Pa 
Ammoniacal Nitrogen- - - - + - - = (0:28 to 3°62 ap.) 1°61 (11) 
Albuminoid Nitrogen * - - - . - - : - (0°11 to 0°58) 0:31 (10) 
Total Organic Nitrogen f <a DON Ae - (0°43 to 1:44) 0°85 (5) 
Oxidized Nitrogen - v2 gece gla (0°10 ap. to 4:80 ap.) 1°58 ap. (15) 
Total Nitrogen’ - - - +L \et : - - - (2:38 to 6:26) 3°96 (6) 
“Oxygen absorbed” at 27° ©. (80° F.) at once - - - - (0.24 to 2°61) 1:07 (15) 
9 ” %9 »  mAhours -— - (1:19 to 14°64 +) 4°35 (15) 
Dissolyed Oxygen taken up in 24 hours at abou 18°C. - —- (0°0 ? to 4°76) 1:80 ap. (9) 
Incubator Test (Scudder)- = pie Ole Se ee ee i rane (8) 
eee Gy cmell) - ares See (14) 
Smell when drawn - - - - - . - - - - - fa bed o (14) 
‘doubtful 

Syed Pe RY 9 eye ee Geshe (15) 
SO ee (5°18 to 11:24) 6:96 (6) 
Solidsin Suspension -  - - - %- - ~- (Trace to 11-40) 5-40 (11) 
Solids by Centrifuge (vols.) - ~ - - (Trace to 40:0) 23°0 (15) 
Ratio of Solids in Suspension to Centrifuge Solids)- - (1:18 to 1:7°7) ecb. (10) 








As will be seen from the foregoing figures of analysis, the chance samples of effluent 
varied greatly im composition, though, taking them all over, they were much better 
than the hourly samples. In appearance they were usually brownish and more or less 
turbid from suspended matter, but 10 out of 14 had a clean smell when they were 
drawn, and 13 out of 15 a clean smell on the day of analysis. All of them contained 
nitrate, mostly in considerable quantity, but 7 out of 14 failed to withstand incubation. 
The suspended solids averaged in eleven samples 5°4 parts, § and rose in one sample 
(the last examined) as high as 11°4 parts. 





* Possibly rather high in No. 3109 B (Alb. N = 0°24). 

+ Most of the estimations of organic nitrogen and of absorption of dissolved oxygen happened to 
be done on the poorer samples, and they do not therefore represent a true average. 

t This figure was altogether abnormal, the next highest being 7°56. 

§ Excluding No. 3469 (suspended solids = 10:2), the average figure was 5:0. 
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It may be well at this point to refer shortly to some of the average figures of analysis 
of the last six samples, which were examined both before and after filtration through 
paper ; at the same time it should be borne in mind that these six were below the average 
of the whole fifteen effluents in quality. They gave the comparative average figures :— 

















“Be 30); Ae |! Filtered Number of 
es are ee Original. through paper. | Estimations, 
‘Oxygen absorbed” at 27° C (80° F.) at once - . . si] Der 1p OWS 163 (6) 
Sie actpeie Jp eein 4 (eure ia ee ew ete Ab ae aaa (8). 
Dissolved oxygen taken up in 24 hours at about 18° ©. - E 222, ap. 112 (6) 
2 passed Bs) ed 
Incubator. tést, (by. smell) s+} «it? orl Shite sees Toad eiled {1 4ailed (6) « 








Taking all the results together, the chance samples of effluent were, as a rule, indifferent 
in quality, if regarded from the standpoint of a final effluent, per se, though better than 
the hourly samples. Atthe same time they would not have required very much further 
purification to allow of their reaching a reasonable standard of purity. The impurity 
was due to a considerable extent to the suspended solids which they contained. 
The effluents are rather better in reality than would at first sight appear from some 
of the figures of analysis, this being no doubt due to the fact of their coming from a 
strong tank liquor. Speaking generally, the best effluents examined were those 
which were dilute, z.¢., drawn in wet or showery weather. ‘Towards the end of our 
observations some dry-weather samples were taken which were of very poor quality. 


Compared with the hourly samples of sewage and of septic tank liquor, these chance 
samples of effluent show the following reduction in figures :— is 








‘ Septic Tank 
Calculated on :— Sewage. Legeat 
Albuminoid Nitrogen “© - - |-  -. - og»  ~« \ => =| 4% 7 reduction | )G0e su acme aa 
“Oxygen absorbed “ationdel ()= == = eee ,» 64 ,, %» 
” 9 in 4 hours = = = = = = = 78 ” ” 57 ” ” 
Solids in suspension ae 2 ee ee re OT eae 














Bacteriological Notes. —Seventeen samples were examined. ‘The great majority of 
the samples yielded positive results with the B. coli and presumptive tests for B. coli 
with 1/100,000 c.c. (100,000 per c.c.). As regards the b. enteritidis sporogenes test, 
the following results were obtained :—Eleven samples contained 100, 5 samples, 1,000, 
and 1 sample 10 spores of this anaerobe per c.c. | 




















| B.S.=Bile salt Glucose 
Peptone Test. 
ate Number of B, Coli} N.R.=Neutral Red eer 
phish aay a (or gas-forming Broth Test. gh ee Remarks. 
se Coli-like microbes). In. =Indol Test. ae j 
L.P.M. =Lactose Peptone 
Milk Test. 
MAIN WoRKs. 
3064. Exeter final effluent. 100,000 100,000 B.S. 100 not 1,000 | Gas Test +01 c.c. 
26/11/02. (+ indol) 100,000 N.R. (24hours at 20°C.) 
(+ clot ) 100,000 In. 
31098. Exeter final effiu- | 10,000not100,000| 1,000 not 10,000 B.S.) 1,000 not 10,000 | Virulent B. Pyo- 
ent. 26/2/03. (— indol) 10,000 not 100,000 NR. cyaneus isolated 
(+ clot.) 10,000 not 100,000 In. nor 1/100 c.c. of 
efiluent. 
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B.S. =Bile-salt Glucose 
- Peptone test. 
N.R. Neutral Red 
Broth Test. 
In. =Indol Test. 


Number of B. Coli 
(or gas-forming 
Coli-like microbes). 


B. Enteritidis 


Description of the 
Sporog nes Test, 


Ral. Remarks. 














L.P.M.=Lactose Peptone 














Milk Test. 
Main WORKS, | 
508. Exeter final effluent. 100,000 10,000 not 100,000 N.R. | 1,000 not 10,000 
26/3/03. (+ indol) 100,000 In. 
(+ clot ) 
31464. Exeter final effin- = 100,000 N.R. 100 not 1,000 
ent. 5/5/03. 
563. Exeter final effluent. ~ 100,000 N.R. 100 not 1,000 
23/6 03. 
566. Exeter final effluent. = 100,000 N.R. 100 not 1,000 
24/6/03. 
569. Exeter final effluent. ~ 100,000 N.R. 100 not 1,000 
25/6/03. 
3275. Exeter final effluent. 100,000 100,000 N.R. 100 not 1,000 
27/10/03. (— indol) 
(+ clot) 
10 not 100 
3337. Exeter final effluent.| 10,000 not 100,000) 10,000 not 100,000 N.R. 
16/12/03. -++ indol) 
(4 clot ) 
100 not 1000, 
3338. Exeter final effluent.| 10,000 not 100,000) 10,000 not 100,000 N.R. 
16/12/03. (— indol) 
(+ clot ) 
1,000 not 10,000, 
666. Exeter final effluent. 100,000 100,000 N.R. 
24/2/04. (++ indol) 
(+ clot ) 
100 not 1,000 
3469. Exeter final effluent. 100,000 100,000 B.S. 
7/6/04. (+ indol) 10,000 not 100,000 N.R. 
(+ clot ) 
100 not 1,000 
3470. Exeter final effluent. 100,000 100,000 B.S. 
7/6/04. (-- indol) 100,000 N.R. 
(+ clot ) 
1,000 not 10,000 
3528. Exeter final effluent. 100,000 100,000 B.S. 
2/8/04. (+ indol) 100,000 N.R. 
: (= clot. ) 
100 not 1,000 
3544. Exeter final effluent. 100,000 100,000 B.S. 
18/8/04. (+ indol) 100,000 N.R. 
(+ clot ) 
; 100 not 1,000 
3551. Exeter final effluent. 100,000 100,000 B.S. 
6/10/04. (— indol) 100,000 N.R. 
(— clot ) 
1,000 not 10, 
758. Exeter final effluent. 100,000 100,000 B.S. ty Yio. 
29/11/04. eC sey 100,000 N.R. 
— clot 








Effect of Temperature upon the working of the Beds.—The temperature observa- 
tions have included measurements made on the occasion of each visit, and also a set 


of measurements taken every few hours over a period of three days. 


Without 


experience of severe weather «luring the observations, it can only be said that 
the measurements have corroborated what is already known as regards the 
working of contact beds, in showing that the effluent takes its temperature 
from that of the sewage and is only slightly affected by the temperature of the 
atmosphere. The lowest effluent temperature measured was 10° C. (50° F.), and the 
highest 17° C. (62°6° F.) 

? 
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LAND. 


The effluent from the various filters passes into a main outlet pipe, 3 feet in diam- 
eter, by which it is conveyed. to a piece of land, 16 acres in extent, about half-a mile 
below the sewage works and bordering on the river. This land has a heavy surface 
soil, overlying a loose gravel subsoil. It 1s not underdrained, and the filter effluent, 
when not delivered in too large a quantity, sinks into it and completely disappears. 
Up to the present the distribution of effluent on to the land has not been very good, and 
the area in actual use has not always been large enough to allow of all the liquid per- 
colating into the subsoil, some of it flowing over the surface soil into the river. The 
distribution is, however, now being much improved (1905). As there is no regular land 
effluent, our observations have been, for the most part, upon the tanks and filters, and 
not much attention has been paid to the land. 


SUMMARY. . 


Notwithstanding the fact that it contains a good deal of subsoil water, the sewage 
is astrong one; while mainly domestic in character, it contains considerable quantities 
of brewery and tannery refuse. The reasons for its strength are, we think : (1) because 
it represents the sewage of (virtually) a whole city and not merely of a residential suburb 
and (2) because it contains manufacturing refuse of an organic character. The 
suspended solids in the hourly samples averaged 87 parts per 100,000. 


Although an estimated volume of six times the dry-weather flow of sewage is passed 
through the septic tanks, not more than two-and-a-half times this flow is treated on 
the filters, the excess of tank liquor passing on to a small piece of land about five 
acres in extent. Having regard to the small area of land available, to the lack of 
proper distribution of the tank liquor over it, and to the nature of the soil, the treat- 
ment of this surplus tank liquor in times of storm cannot be considered altogether 
satisfactory ; at the same\time it should be mentioned that the level of the ground is 
being gradually raised, with the view of increasing its efficiency. But, speaking 
generally, it seems that sufficient provision has not been made for the treatment of storm 
water at the works; even with only slight rainfall, storm sewage containing much sus- 
pended matter is discharged direct into the river. 


There is fair provision for the settlement of grit before the sewage enters the septic — 


tanks, but it would probably have been advantageous if the grit chambers had been 
made rather larger. 


The reduction of the suspended solids of the sewage effected by the septic tanks 
was 66 per cent. in the case of the hourly samples—a fair percentage settlement—but, 
notwithstanding this, 12°56 parts of suspended solids still remained in the tank liquor 
at the time of sampling. That this is a larger quantity than it is desirable to put upon 
the beds is evidenced by the pronounced loss of capacity of the beds within a period of 
three years. 


The use of only two of the septic tanks at one time, with an average dry-weather — 


“flow through” of 11°5 hours, instead of the whole six tanks, with a correspondingly 
slower rate of flow, is a departure from the ordinary method of working septic tanks 
which involves an important principle. Having been unable to make an experimental 
measurement of the amount of digestion in those large tanks, we cannot offer a definite 
opinion as to whether this procedure is advisable from the point of view of digestion ; 
it is obvious, however, that it does not reduce to a low figure the quantity of suspended 
matter passing on to the filters. We think that the drawing off of the sludge at the 
Exeter main works does not keep pice with its accumulation. 


We estimate that the filter beds, after three years’ working; have lost about 50 per 
cent. of their original water capacity. Although we have been unable to make 
periodical measurements of capacity, we think it not unlikely that the beds will have 
reached their economic working limit in about two years more, when the question of 
the partial renewal or washing of the filtering material will require to be considered. 


The automatic gear for fillmg and emptying the filter beds effects a considerable 
saving in labour, but requires skilled supervision. Asa rule, the day service of only 
two men is needed for these large works, together with the small St. Leonards 
installation. (On the other hand, more labour might with advantage be given to the 


| 
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better distribution of the contact bed effluent over the land.) Chiefly owing to the 
fact that the period of contact of the liquid on the filter beds is a constant one, the 
automatic gear does not adapt itself to any large variations in the flow of tank liquor, 
such as result from a heavy storm ; this constitutes a weak point. 


During these observations each bed has received on an average about two fillings of 
septic tank liquor per 24 hours, and, on the basis of the dry weather flow of sewage, 
they have treated in dry weather a quantity equivalent to 55°5 gallons per cube yard, 
or 83°3 per square yard, of filter per day. The comparatively rapid rate at which the 
beds have lost capacity has been due, we think, not so much to the number of fillings 
having been too great, as to the inadequate settlement of suspended solids from the 
tank liquor. But even had there been better settlement, it would probably not have 
been advisable, at all events as regards quality of effluent, to have exceeded this rate 
of filling with a liquid containing so much organic matter in solution as the Exeter 
septic tank liquor does in dry weather. 


The hourly samples of effluent, collected in summer in practically dry weather, were 
unsatisfactory in character if judged from the standpoint ofa final effluent, per se, though 
they showed a high percentage degree of purification from single contact of the tank 
liquor. ‘The chance samples, which were for the most part collected in the cooler 
months of the year, were of better quality, though still indifferent if judged by the 
same standard. Our observations, therefore, have led us to the conclusion that 
the treatment of so strong a sewage as that at Exeter by septic tanks followed by 
single contact filtration, at the rate mentioned, is insufficient to yield an effluent of 
high class. 


Although some smell occasionally arises at the works, the process of sewage purifi- 
cation is carried on without any serious nuisance. 


We have made no observations upon the effect of the effluent and of the storm 
sewage on the water of the river Exe. 


In conclusion, we would like to acknowledge our indebtedness to Mr. Donald 
Cameron, Mr. Goulding, the city surveyor, and also to Mr. W. Mardon, the manager 
of the works, for much assistance during the observations made in connection with 
this report. | 
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EXETER SEWAGE WORKS (ST. LEONARDS). 


(Crry oF EXETER.) 


1. Situation of works = - y t . - - Belle Isle, on the outskirts of 
; Exeter. 
2. Method of Treatment : - - - - Closed septic tanks and single 
contact beds. (Exeter Septic 
Tank Syndicate). 
3. Population draining to works during observations 1,500 (estimated average). 
4. Water supply in seis per head, and whence 
obtained - - - - 80 gallons; from River Exe—a soft 
water. 
5. Number of W.C.’s - - - - - - 600 
6. Sewerage system 2 - - - . - - Partially separate 
7. Average dry weather flow of sewage in gallons 
per 24 hours 2 = ee A OUT OU, UUs 
8. Gallons of sewage per head perday - - ~~ - 88 
9. Character of the sewage — - - - - - A weak domestic sewage. 
10. Period of observations - : - : : - October, 1902, to 1906. 
11. Age of contact beds - . . - i SS years. 
12. Amount of storm water treated on filters during 
observations : 2 : - - = - About 3 times the dry Lo Py 
flow. 
13. Total capacity of tanks in gallons — - . - 52,000 
14. Total area of filters in yards super -  -  - 400 
15. Cubic content of filters in yards cube -  - 666 
16. Nature of filtermg medium - : 3 : - 4beds, furnace clinker, 1 bed, coke. 
17. Gallons of septic liquor treated per yard super Let 
24 hours—all filters included — - . 
18, Gallons of septic liquor treated per yan cube per 
24 hours—all filters included — - - = 105 
19. The final effluent is discharged into - . - The River Exe. 3 
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Diagram I. 
DIAGRAMS SHOWING FLOW OF SEWAGE AT Exeter (S"LEONAR 


AS FALLING OVER A WEIR 6 WIDE. 


arate of 38,150 gallons per 24 hours. 
PIAG; » 59,330 » » ” oO” 
PAS » » y 82,512 ” ” ” ” 
3-0 ” » oo” » 109 296 ” ” n -n a 
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Bet z FLOW OF SEWAGE. 


Owing to the combined system of sewerage, the sewage flow is subject to large increases 
during wet weather, and these increases are accentuated in the outfall sewer, owing to the 
steep gradient close. to the works. Almost at the bottom of this oradient is 
situated the only overflow on the system, and as it has the effect of protecting 
the works from any excess above 3 times the dry weather flow, its construction 1s 
important. 


The main outfall sewer, which is 2 feet in diameter, is here broken for a distance of 
4 feet. Between the two disjointed ends, and situated rather below them, is a small tank, 
at the side of which a submerged 6-inch pipe leads off to the septic tank and filters, at a 
gradient of one ina thousand. A number of measurements have shown that the maximum 
rate of flow of sewage through this pipe is between 140,000 and 150,000 gallons per 24 hours 
When the flow exceeds this rate, therefore, practically the whole of the excess flows across 
the small tank and is taken by the old 2-feet outfall sewer direct to the river. It may 
be said, therefore, that not more than 3 times the dry weather flow of 50,000 gallons per 
24 hours is treated at the St. Leonards works. In confirmation of this, it may be stated 
that the greatest number of bed fillings given in any one day during our observations 
has been about 26; and as the beds hold approximately 5,500 gallons each, practically 
the same figure of between 140,000 and 150,000 gallons is obtained for the maximum 
flow treated. 


The flow of sewage was measured by means of a recorder on two occasions ; oace 
over a period of a week, at the beginning of June, 1908, during rather wet weather, 
and once over three days at the end of June in the same year, during dry weather. 
It was also roughly gauged every fortnight during two years (1904-6), when certain 
- special experiments were being carried out. From these measurements the dry weather 
flow has been estimated to be approximately 50,000 gallons per 24 hours, and the average 
daily flow for all weathers to be 70,000 gallons. 


Except at the time when there is a large increase in the flow owing to the discharge of the 
Grammar School swimming bath, the flow in dry weather is of an even character, being 
roughly in the proportion of one volume atnight to two in thedaytime. This evenness 
appears to be due chiefly to the presence of a large quantity of subsoil water which enters 
the sewers and which, during the measurements referred to, apparently accounted for at 
least half the total flow of sewage in dry weather. The lowest night flow at this time 
was at the rate of 40,000 gallons per day, while the lowest flow in the approximate gaugings, 
which have been made every fortnight during the two yearsending June, 1906, has been 
at the rate of 30,000 gallons per 24 hours. 


During wet weather the fluctuations of flow in the main outfall sewer are probably 
large; but as the storm overflow does not allow more than three times the dry weather 
flow to be delivered to the works, the flow, as it reaches the septic tank, isnot subject 
to very wide variations. 


The storm flow at St. Leonards, therefore, is—like the dry weather flow—usually of 
an even character, although on one occasion, owing to a heavy shower falling upon 
fairly dry ground, a fluctuation in the proportion of 34 to 1 within an hour and a half 
was recorded. 


On Diagram I are given some Hissinrsato of the sewage flow at Exeter (St. 
Leonards). 


Unscreened Crude Sewage.—Six sets of hourly samples were examined chemically. wiz., 
two separate series extending over the usual three days in each case. When the first 
three sets Nos., 546, 549 and 552, were taken, in the early part of June, 1903, there was 
heavy rain on the firet day ; hence it was considered necessary to draw a second serles a 
fortnight later, when the weather was dry. 
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Series 1 gave the following results on analysis :— 


Oe ee sess eee Oa OO VO 


Parts per 1,000.| Average. eet 

Wt Sarees ete ye aes? 
Ammoniacal Nitrogen - - (2°35 to 2°60) 2°49 (3) 
Albuminoid Nitrogen - = = - = - (0°47 to 0°65) 0°55 (3) 
Total Organic Nitrogen - : : : - (1:15 to 1:54) 1:39 (3) 
Oxidized Nitrogen - . . - : - : - (0:0 and 0:0) (2) 
Total Nitrozen..:n) qyaste 77) oe ete, PR eee - (3°50 to 4:09) 3°89 (3) 
“Oxygen absorbed ” at 27° C. (80° F.) at once - - - (1:03 to 1°83) 1:43 (3) 

s = _ z in 4 hours 5 - (5:27 to 7:55) 6°53 (3) 
Chlorine < oss oie ie oie ete - - (6:20 to 7:12) 6:58 (3) 
Solids in Suspension - - - - - = = - (13°40 to 37°10) 26°70 (3) 
Solids by Centrifuge (vols.)-  - - - -  - = (60-0 to 133-0) 93°3 (3) 
Ratio of Solids in Suspension to Centrifuge Solids - (1:29 tol: 45) 1:3°7 (3) 


Ue TE eS 
Series 2, consisting of Nos. 570, 573 and 576, gave the following figures : 


Oe EE ee ee 
Parts per 1,000. | Average. SW eaaetty 





Ammoniacal Nitrogen- - - . 5 - - (3°16 and 2°56) — (2) 
(2) Albuminoid Nitrogen - = = = = + (0°25 and 0°64) SN ao 
Total Organic Nitrogen- - - - - - . - (0°79 and 0°94) — (2) 
Total Nitrogen - - - : - . - - (3°50 to 4°69) 4:05 (3) 
“ Oxygen absorbed” at 27° C. (80° F.) at once - - - (0 71 to 1:35) 1:08 (3) _ 
. >» » > in4hours- - - (320 to 5-01) 4:35 (3) 
Chlorine-  -: -  - “TE - - - - (6:20 to 7:00) 6:59 (8) 
Solids in Suspension 2 - 2 - - - - (8°80 to 17°80) 13°00 (3) 
Solids by Centrifuge NE I eat Sones mire seal VAI) Fonsy 4!) 70:3 (3) 
Ratio of Solids in Suspension to Centrifuge Solids - -(1:38to1:9° 9)| 1:60 (3) 


Excepting in the matter of suspended solids (and *consequently also in the figures 
for “‘ogygen absorbed’), the two series of sewage samples do not differ much in 
composition. No. 546 (the first sample of Series 1) contained an excess of solids— 
mainly mineral—from the washing out of the sewers, and No. 552 (the third sample 
of Series 1) also probably contained more than the normal proportion, washed out from 
the catch pit; in this latter case the solids were nearly all organic. On the other hand, 
the dry-weather samples of Series 2 had probably less than their due proportion of 
suspended solids, owing to settlement in the sewers during the dry weather. 


As bearing on the above point, it may be mentioned here that fortnightly samples 
of sewage and of tank liquor, extending over 24 hours each, have been drawn from 
the Exeter (St. Leonards) works, with the view of determining the amount of digestion 
which goes on in the septic tank there.* The suspended solids in 27 such samples 
average 26°1 parts per 100,000, while the total nitrogen in 23 of these samples averages 
4:16 parts. This total nitrogen is thus almost identical with that in the above two - 
series of hourly samples, while the suspended solids agree with those in the wet-weather 
series, No. 1. : epoca & 


It may therefore be taken that the Exeter (St. Leonards) sewage does not contain 
more than 26 parts of suspended solids per 100,000, and not more than about 4 parts of 
nitrogen ; hence it is a weak sewage. For the reasons already given, the fluctuations 
in strength are rather abrupt, although the volume treated only varies within compara- 
tively narrow limits. 


_ The only chance sample of sewage examined was one of storm water, No. 3,278, drawn 
in October, 1903, during very heavy rain, after the overflow had been working quietly 











* Seo Appendix IV. to Fifth Report of Commission. 
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for four hours. It contained as much as 132 parts of suspended solids, but 115 of these 
were inorganic, and it was not so strong organically as the hourly samples. On the day 
of analysis it had a clean, faint, earthy smell, though it failed to withstand incubation. 


Bacteriological Notes :—Six samples of crude sewage and one sample of storm water 
were examined bacteriologically. With one exception they all yielded positive results 
with 1/100,000 c.c. (100,000 per c.c.) with the neutral red broth test. The number of 
spores of B. enteritidis sporogenes varied from 100 to 1,000 per c.c. 


B.S.=Bile-salt glucose 
peptone test. 
Number of B. Coli! N.R.=Neutralred broth} B. enteritidis 


Description of the (or gas-forming test. sporogenes Remarks. 





Sample. coli-like Microbes).| In=Indol test. test. 
L.P.M.= Lactose peptone 
milk test. 
St. LEONARDS. 

546. Exeter crude = 100,000 N.R. 100 not 1,000 
sewage, 9/6/03. 

549. Exeter crude | . ~- 100,000 N.R. 100 not 1,000 
sewage, 10/6/03. 

552. Exeter crude — 100,000 N.R. 100 not 1,000 
sewage, 11/6/03. 

570. Exeter. crude -— 10,000 not 100,000 N.R.| 1,000 not 10,000 
sewage, 29/6/03. 

573. Exeter crude —— 100,000 N.R. 100 not 1,000 
sewage, 1/7/03. x 

576. ‘Exeter crude = 100,000 N.R. 1,000 not 10,000 
sewage, 2/7/03. 

(3273. Exeter storm © 100,000 100,000 N.R. 100 not 1,000 
over-flow liquid, ( - indol) 
27/10/03. | ( — clot) 





GRIT CHAMBER. 


The sewage from the main sewer flows through a small grit chamber, which is 
cleaned out every week and also after storms, the matter removed on all occasions 
being chiefly grit. 


SEFTIC TANK. 


Number - - : - - - oa 2 

Size - - syoueeie - - - - 66 feet by 18 feet. 
Average depth of water - - - - - ¥f feet. 

Capacity - : - - - - 52,000 gallons. 


Construction.—The septic tank is constructed of cement concrete throughout, and 
is covered by a concrete arch. At its inlet end it contains two smaller tanks, each 7’ 
long by 8 6” wide, the-walls of which are carried up 8’ 9” from the bottom to within 
one foot of the water level in the tank. Each of the two inlet pipes to the tank delivers 
the sewage below the water level into one of these smaller tanks, which therefore serve 
as preliminary grit chambers. 


- After having deposited some of its suspended matter in one of the smaller tanks, the 
sewage flows upwards over the retaining wall and through the rest of the tank, which 
has no further partition except a 22” scum-board placed across the tank, rather more 
than half-way towards the outlet end. It issues from the tank through a slotted pipe 
extending the whole way across the outlet end of the tank, and placed 16” below the leve 
of the water. 3 

Flow Through.—With an average daily flow of 70,000 gallons per 24 hours, the 
flow through the tank would be once in 17°8 hours, at the rate of -63” per minute. 


With a maximum flow of 145,000 gallons per 24 hours, the flow through would be 
once in 8°6 hours, at the rate of 1:30” per m‘nute. 





* See Appendix IV. to Fifth Report of Commission. 
6225—A pp. III. U 
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Working.—The flow of sewage through the tank is a continuous one. . Except at 
those times when. it is mecessary to remove sludge from the tank, it is never stopped. 


Sludging.—From August 1896, when it was first brought into use, to May.1902, the 
tank worked continuously without the removal of any sludge. Towards this latter date, 
the amount of suspended matter in the tank liquor began to exceed the limit which it 
was thought advisable to put upon the contact beds. By means of a pump, therefore, — 
a considerable but unknown quantity of sludge was removed and used for the purpose 
of inoculating the Jarge tanks constructed for the main Exeter scheme, which were just 
then being brought into action. 


The tank then ran for a further period of two years till April 9th, 1904, without being 
touched. As no measurement of the sludge removed had been made in 1902, it was 
impossible to obtain figures for the amount of digestion without completely emptying 
the tank; and as it appeared both from the suspended matter issuing in the tank liquor 
and also from trials in the man-holes that the tank contained a considerable amount of 
sludge, we obtained permission to empty the tank completely, and on April 9th, 1904, 
the work of emptying was begun. ae 


On removing the supernatant liquid by pumping, the tank was found to contain an 
average of about 4 feet of thick sludge throughout, more than half the total capacity of 
the tank being thus taken up by the sludge. A sample was taken of the bottom sludge 
from the lower end of the tank at this time and was examined ten days later, 


As there were no sludge valves to the tank, the sludge had to be removed by means 
of a pump, let down through one of the cover-holes. <A 7” ceatrifugal pump was first 
tried, and some of the thinner sludge lying on the top (as well as some of the thicker sludge, 
which was made thinner by allowing the sewage to flow into the tank and then stirring 
up) was removed by this means and delivered into a lagoon made of fine clinker. 


The necessity. however, of mixing sewage with the sludge, in order to make it thin 
enough to pump, resulted in a very large increase in its volume, which not only made 
the operation slow and difficult, owing to the large quantity of water to be 
got rid of, but, in some measure, as it appears to us, undid the work of the tank by con- 
verting a thick spadeable sludge into a thin liquid one. After a short time, however, 
the centrifugal pump was removed and replaced by a rubber valve pump, and the thick 
sludge was then lifted into slop-carts and buried in a deep deposit of fine clinker screenings 
on the works. mig 


The operation was completed’ on June 14th, having taken rather over 2 months, 
though probably, if a valve pump had been used at the start, it would have required much 
less time. It was conducted practically without nuisance, the sludge having only a slight 
smell. ae : 


Examination of the Sludge.—A portion of the sludge shaken up with water gave an 
upper layer containing much fibre, mostly about ‘5 millimetre in length, but up to a very 
large size; also brown masses up‘to 1 millimetre in length, together: with a considerable 
quantity of fine siliceous matter (averaging ‘05 millimetre). The sludge contained, 
besides, large pieces of paper up to 25 or 50 millimetres square, and long fibres (probably 
fine string) up to 50 millimetresin length. The quickly settling sediment consisted 
almost exclusively of grit, mostly about. °2 to *3 millimetre long, butup to *9 millimetre. 


The sludge consisted of :— 


Moisture - - - — - | 75:39 per cent. | (a) “Cellulose” by alkali acid, and ether - {1-96 per cent. 





folatile Matter -. o-.1¢,.| ¢6:95a~ ,; (b) “Cellulose” Do. after permanganate - | 103 _ ,, 
Non-Volatile Matter - - | 18:66 —_,, Grit from estimation (a)  - - - +1133 ©, 
____ | Grit from estimation (6) - - - | S107 5, 


100°0 


i 
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The undried sludge gave the following figures :—- 





———— 


ten ee Parts per 100,000. Per cent. 
(4) (6) 
* Total Nitrogen - - - - - . 493-0 4920 0:49 
“« Oxygen absorbed ” from Permanganate at 27°C. 
(80°F.) in 4 hours = be pe thei 3371°0 3:37 





Gas Evolution Experiment.—6‘7 grams of the wet sludge were mixed with 570 c.c. 
of distilled water (containing 6°3 c.c. of oxygen per litre) and kept under anaerobic 
conditions. After standing for nearly a year and a half, only a trace of gas, if any, had 
been evolved, this apparently showing that the bulk of the bottom sludge, at all events, 
had already undergone in the tank all the gaseous decomposition that was ever likely to 
occur under practical conditions of working. 


Septic Tank Liquor.—Two different series of hourly samples of septic tank. liquor, 
each extending over three days, were drawn at the same time and under the same conditions 
as the hourly samples of sewage. Excepting in the matter of suspended solids, of which 
the first series contained rather more than the second, there was practically no difference 
between these two series, and they may therefore be grouped together here. The 
numbers of the samples were :—Series 1, Nos. 547, 550 and 553; Series 2:—Nos. 571, 
574 and 577. They gave the following results on analysis :— 








Parts per 100,000.| Average, | Number of 
Ammoniacal Nitrogen - e : : - - - (2:64 to 3:73) 3°70 (6) 
Albuminoid Nitrogen - - - - - . - (0°27 to 0°40) 0:34 (6) 
Total Organic Nitrogen - - - - -+ - - (0:62 to 0°85) 0-68 (5) 
Total Nitrogen - - - - - - - - (3:26 to 4°35) 3:98 (5) 
“Oxygen absorbed ” at 27° C. (80° F.) at once - - - (0°68 to 1°48) 1:01 (6) 
4 . ¢ 4, tn 4&hours 9+  - (2-84 to 4-79) 359 | (6). 
Chlorine ene EID UR TBI” (5-60 to- 8-20) 669 (6) 
Solids in Suspension ee pane ted shart’ x9 (3°30 to. 1160) 8:23 (6) 
Solids by Centrifuge (vols.) —- - - - - (12:0 to 43:0) 31:0 (6) 
Ratio of Solids in Suspension to Centrifuge Solids - (1: 3:4 tol : 63) Fig Ma ya ags | Reese (3) 





The septic tank liquor is, like the sewage, very weak, containing only about 
4 parts of total nitrogen and about 7 parts of suspended solids per 100,000. 


Comparing the six sets of hourly samples of septic tank liquor with the correspond- 
ing sets of sewage, we get the following reduction in figures ;— 


Total Nitrogen - - - : - - No reduction. 
‘Oxygen absorbed ” 77 4 hours - - : - 34 per cent. reduction, 
Suspended Solids - - - - : 2060043 » 


A better idea is, however, obtained by contrasting the 24 hours’ samples, drawn > 
fortnightly for nearly a year past, starting with a clean septic tank :— : 








Number of | Septic Tank | Number of 


va Estimations. Liquor. Estimations. || Beduction. 
Total Nitrogen - ‘“e.- - (23) 3°71 (21) 12 per cent. 
«Oxygen absorbed” in 4 hours - (22) 3°64 (22) 48 is 
Solids in Suspension — - , . (27) 8°40 (25) 68 3 





* Equal to 2:0 per cent. Nitrogen in the dry sludze. 
6225-—App. UL. : U2 
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Bacteriological Notes :—Six samples were examined bacteriologically. They all 
yielded positive results with 1/100,000 c.c. (100,000 per c.c.) with the neutral red broth 
test. As regards the B. enteritidis sporogenes test, one sample contained 10, four 
samples 100, and one sample 1,000 spores of this anaerobe per c.c. 





Description of the 
Sample. 


Number of B. Coli 
(or gas-forming 
colilike microbes). 





St. LEONARD'S. 
547. Exeter septic 
tank liquor, 9/6/03 


550. Exeter septic 
tank liquor, 10/6/03 


553. Exeter septic 
tank liquor, 11/6/03 


571. Exeter septic 
tank liquor, 30/6/03 


574. Exeter septic 
tank liquor, 1/7/03 


577. Exeter septic 
tank liquor, 2/7/03 


Number = 
Size of each - 


Area of each - 
Total area - 


Depth of material - 
Cubic content of each 


Total cubic content 


Material - 


Construction 


Distribution 


B.S.=Bile-salt glucose 
peptone test. © ae mee 
N.R.=Neutral red broth| B. Enteritidis 
test. Sporogenes | Remarks 
In.=Indol Test. test. 
L.P.M.=Lactose  pep- 
tone milk test. 





100,000 N.R. ~| 100 not 1,000 ° ;. 








100,000 NR. 10 not 100 i | 
100,000 N.R. | 100 not 1,000 : 
100,000 N.R. 1,000 not 10,000 | 
7 
100,000 N.B. 100 not 1,000 | 
100,000 N.R. | 100 not 1,000 
FILTERS. 
5 


4 filters, 36 feet by 20 feet. 

1 filter, about 30 feet by 24 feet. 

720 square feet. | 

400 square yards. 

5 feet. 

3,600 cube feet. 

666 cube yards. 

No. 1 bed, clinker of 4” to }” diameter, with 


rough shingle and gravel laid over the 
drains. 


No. 2 bed, 1 foot clinker of 1” diameter, 
laid over the drains, and the rest 3” 
diameter. 


No. 8 bed, 1 foot of coke breeze 1” 
diameter, laid over the drains, and the 
rest 4” diameter. | 


No. 4 bed, 2 feet of clinker, 1” diameter. laid 
on the drains, and the rest $” diameter. 


No. 5 bed, 1 foot of clinker, 1” diameter. 
laid over the drains, and the rest 3° 
to }” diameter. 


Cement and concrete throughout. 


. One 9” half pipe laid on the surface of the 


material and fed directly from the valve. 
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Underdraining.—Ten lines of 2” agricultural pipes connecting to a main. drain, 
which delivers to the discharge valve. 


Working.—The filters are filled and emptied by means of the automatic gear 
designed by the Septic Tank Company, Limited. As soon as a filter is full, a small 
quantity of filtered effluent overflows from it into the bucket of the previous filter to be 
filled, and which is therefore standing full. The fall of this bucket shuts the admission 
valve of the filter which has just filled, and opens the discharge valve of the full filter, 
shutting at the same time the discharge valve of a third filter and opening its admission 
valve. 


As there are only four sets of gear, only four filters can be used as a working set, and 
there is therefore always one filter at rest. The usual plan is to rest each filter in turn for 
two days. The resting filter is cut out or brought in by hand. 


It will be seen that only one filter can fill at a time by this arrangement, and that the 
time of filling and length of contact depend upon the rate of flow of sewage. It should be 
said, however, that during the observations the beds have generally filled in about an hour 
and have therefore given a contact of one hour. 


At the commencement of the observations, in 1908, the average number of bed fillings 
per day was approximately ten, while at the end of the observations it had imcreased 
to an average of about fifteen. This increase has, no doubt, been partly due to the loss of 
capacity and partly to the increased flow of sewage. 


During the observations the beds have been filled on the average between two and 
three times each day. } 


Age of Beds.—The beds were first used in August, 1896. They have undergone no 
alteration since they ‘were first constructed. 


Capacity.—The original empty tank capacity of the five beds was 112,500 gallons, and 
the original water capacity, therefore, assuming the material to have occupied hali the 
capacity of the beds when new, was 56,250 gallons. 


The first measurement of capacity, made in June, 1903, by taking three beds as typical, 
gave a total water capacity of approximately 27,000 gallons, 7.¢. 48 per cent. of the original 
water capacity, and 24 per cent. of the original empty tank capacity. Although they had 
lost, therefore, half their capacity, the beds were still in good working order aiter nearly 
seven years of constant use, at an estimated average rate of working of about two fillings 
per day for each bed. 


Owing to the increase in the flow of sewage and in the rate of filtration (four fillings 
for each working bed per day), it seemed likely that a further loss of capacity would 
take place, and a second measurement, made in September, 1905, on bed No. Q, 
taken as typical, gave a total water capacity oi only 16,580 gallons, ¢.c. 29°4 per cent 
of the original water capacity, or 14°7 per cent. of the original empty tank capacity. It 
appears, therefore, from this measurement, that the capacity of the beds is now consider- 
ably reduced. The appearance also of the material corroborates this; but as there are 
no signs of soddenness, and as the tank liquor sinks rapidly into the beds, it is probable 
that they will continue to work effectively for some little time. As has been shown, how- 
ever, the capacity now is less than one-third of the original water capacity when the beds 
were new. 


Amount of Tank Liquor Treated by the Filters.—On the basis of an average daily 
flow of 70,000 gallons per twenty-four hours, the amount treated by the filters is as 
follows :— 

Per square yard per 24 hours’ - - 175 gallons. 
Per cube yard per 24 hours : 105 gallons. 
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Effluents.—Six sets of hourly samples (in two series of three each), drawn at the 


game time as the hourly samples of sewage and tank liquor, were examined chemically. 
The second series was better than the first, so the results may be given separately :— 


Series 1, drawn in June, partly in wet weather, (Nos. 548, 551 and 554) :— 
































Parts per 100,000 | Average. ratte 
Ammoniacal Nitrogen - - (1:03 to 1°64 approx.) 1:32 (3) 
Albuminoid Nitrogen ns | {ihe SES (0:16 and 0:18) (2) 
Oxidized Nitrogen - (1:06 approx. to 1°30 approx.) 1:20 ap. . (3) 
Total Nitrogen =e oe pe - (2:18 to 2°70) 2°48 (3) 
“ Oxygen absorbed ” at 27° C. (80° F.) at once - - (0.24 to 0:92) 0°56 (3) 

p a cE. » mAhours - (1°66 to 2:14) 1:85 (3) 
Solids in suspension - - - - ; - (2:12 to 3:08) 2°60 (3) 
Solids by centrifuge (vols.) (21:0 to 37:0) 30:0 (aye 
Ratio of Solids in suspension to Centrifuge solids - (1:99to1: 142) 1:11°4 (3) 
Incubator Test (Scudder) - : - - = 3+ (3) 
Incubator Test (by Smell) - 3+ (3) 
Smell when drawn - - - . - - - - 2- 1+ (3) 
Smell when analysed - - a ee - 2- 1+ (3) 

Series 2, drawn in June, in dry weather (Nos. 572, 575, 578), gave :— * 

Parts per 100,000 | Average. ~ = anne 
Ammoniacal Nitrogen - = - -— - - (0:89 to 1:18) 1:00 (3) 
Albuminoid Nitrogen - - - : - - 
Oxidized Nitrogen - : - - - (1:33 to 1°61) 1°49 (3) 
Total Nitrogen (2°42 to 2°74) 2:58 (3) 
‘Oxygen absorbed” at 27° C. (80° F.) aé once - (0-11 to 0:16) 014 (3) 

” 4 a! y », in 4 hours - (0°47 to 1:06) 0°85 (3) 
Chlorine - - - - u : . ! 2 (7-0 to 7:02) 7-01 (3) 
Solids in Suspension - - (0°58 to 1:28) 0:90 (3) 
Solids by Centrifuge (vols.) — - - - - (12:0 to 12°5) 122 (3) 
Ratio of Solids in Suspension to Centrifuge Solids - = - (1: 9'5 to 1: 20°7) 1:15°0 (3) 
Incubator Test (Scudder) -wd pt: 3 “34+ (3) 
Incubator Test (by Smell) . = 34. (3) 
Smell when drawn - - - 2 Byes (3) 
Smell when analysed = - - : > : 2 ; 3+ (3) 








Hach of the foregoing six hourly sets of effluent was made up of equal volumes from - 
the middle flow of all the discharges from the beds during the 24 hours, these discharges | 
varying in number between twelve and sixteen per day. In appearance the samples of 
the first (wet weather) series were slightly turbid, those of the second (dry weather) series 
being fairly clear. It will be noted that the suspended solids averaged 2°6 parts in Series 1 
and only 0°9 part in Series 2. | 


_ Most of the samples had a slight sewage smell when drawn and two of them retained 
this on the day of analysis, but they were all well nitrated (containing fully half their 
nitrogen in the form of nitrate), and they all withstood the incubator test without using 
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“up much nitrate (approx. 0-2 to 0°5 part) in the process. Although the samples of the 
second series were appreciably better in quality than those of the first, the whole six sets, 
which were drawn in the month of June, may be regarded as fair (c.f. Notes on Chance 
Samples, below). 


Chance Effluents.—The six chance samples of effluent examined chemically, 
Nos. 3145, 615, 3274, 3339, 665 and 3620, were with one exception drawn between 
October and February (the hourly samples were taken at midsummer). These chance 
samples were all drawn at or about mid-flow, between the hours of 9.45 a.m. and 3.30 
ae partly in dry and partly in wet weather. They gave the following results on 
analysis :— 




















Parts per 100,000. | Average. - vate 

Ammoniacal Nitrogen’ - - - a - - - - (0°02 to 1°59) 0°55 (6) 
Albuminoid Nitrogen - : : - : - - - (0°04 to 0:27) 0-11 (5) 
Oxidized Nitrogen - Ci ee OREO 7 (0-60 approx. to 2°66) 1:69 ap. (6) 
‘Oxygen absorbed ” at 27° C. (80° F.) at once - . - (0°10 to 0:44) 0-19 (6) 
a3 :. Be fs » m4 hours - ; - (0°45 to 1:91) 1:08 (6) 
Dissolved Oxygen taken up in 24 hours at 18° C. - - - (0:0 to 1:44) 0°62 ap. (3) 
Chlorine 2), Vals , Pe ouae teak x - (4°66 to 5:80) 5:19 (3) 
- Solids by Centrifuge (vols.) — - - - - - - -  (1°8 to 15:0) 8-1 (6) 
Incubator Test (Scudder) . . Br tees - - ad eas - : 4+1— (5) 
Incubator Test (by smell) . - - - - : . . . : 5-++1 (2) (6) 
Smell when drawn- — - - - - - - - - ; - - 5-+ (5) 
Smell when analysed - “ : ONES. » : - - - - 6+- (6) 
Oxygen in solution (c.c. per litre) - =) yet - - : (0:2 to 5:0) 1‘7 c.c. (4) 











The above six samples were for the most part very clear, with but little suspended 
solid (about 0:6 part per 100,000, on the average, as judged by the centrifuge volumes). 
Excepting possibly the last sample, No. 3620, they all had a clean smeil, both when drawn 
and when analysed, and withstood the incubator test. Four out of the six may be de- 
scribed as very good effluents, with much the greater part of their nitrogen in the oxidized 
state. Sample No. 3339 was specially good, in fact, an effluent of high class. It was 
drawn on a dry day, after wet weather, from a bed which had rested for 4 hours since 
the previous filling, the flow being still rather over the normal. But the tank liquor to 
which this effluent corresponded must have been weak, the effluent containing only 
4-7 parts of chlorine. No. 665 was also excellent; it took up no dissolved oxygen in 
24 hours. | 


Speaking generally, the chance samples of effluent were much better than the hourly 
samples, although, as already seen, the latter were fair in quality. The reason for this 
difference no doubt was that the hourly samples were drawn insummer, when the sewage 
was stronger. 


As compared respectively with the six sets of hourly samples of sewage and of tank 
liquor, the six hourly and the six chance samples of effluent show the following reduction 
in figures :— 


Calculated on :— 





Hourly Samples of Effluent. ae 





Sewage. | Septic Tank Liquor. 
Total Nitrogen - - - - - : - - - | 36 per cent. reduction.| 36 per cent. reduction. 
“Oxygen absorbed ” in 4 hours - P - = . - | 75 4 62 e 





Solids in suspension - : ‘ - 2 : : - | 91 ‘. 79 x 
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Calculated on :— 





Chance Samples of [ffluent. 








Sewage. —~ Septic Tank Liquor. 
Albuminoid Nitrogen - . - : : > - | 79 per cent. reduction.| 68 per cent. reduction. 
“ Oxygen absorbed” in 4 hours - - - - - - | 80 ms 70 A 
Solids in suspension - — - ; - Ee - + | 97 per cent. approx. | 93 per cent. approx. 


Bacteriological Notes.—Twelve samples were examined bacteriologically. Most of 
the samples yielded positive results with the B. coli test and presumptive tests for B. coli 
with 1/100,000 c.c. (100,000 per c.c.). Two samples, however, yielded negative results 
with 1/10,000 c.c. and 1/1000 c.c. (Nos. 3339 and 665, respectively). These two samples 
yielded negative results with 1/10 c.c. (less than 10 per c.c.) with the B. enteritidis sporo- 
genes test. The other samples contained from 10 to 100 spores of this anaerobe per c.c. 

















B.S.=Bile-salt — glucose 
+ . peptone test. 
eee Number of B. Colt) 17 2 Neutralred broth ia tB. ste aie 
Description of the (or gas-forming on R . 
Sample. Coli-like I a ; ae: de secre eee 
Microbes). Wer er oh 
L.P.M. = Lactose peptone 
milk test. : 
St. LEONARDS. | 
3145. Exeter final effiu- = 100,000 N.R. 10 not 100 
ent, 5/5/03. 
548. Exeter final efflu- —- 100,000 N.R. 10 not 100 
ent, 9/6/03. 
551. Exeter final efflu- = 100,000 N.R. 10 not 100 4 
ent, 10/6/03. 
554. Exeter final efflu- — 100,000 N.R. 10 not 100 
ent, 11/6/03. 
572. Exeter final efflu- — | 100,000 N.R. 100 not 1,099 
ent, 30/6/03. 
575. Exeter final efflu- Es 100,000 N.R. 10 not 100 
ent, 1/7/03. , 
578. Exeter final efflu- oe 100,000 N.R. 100 not 1,000 
ent, 2/7/03. 
615. Exeter final efflu- /10,000 not 100,000) 10,000 not 100,000 N.R. 10 not 100 ee 
ent, 6/10/03. (+ indol) 
(-++ clot) 
3274. Exeter final efflu-|10,000 not 100,000] 10,000 not 100,000 N.R. | 100 not 1,000 
ent, 27/10/03. (+ indol) i 
(+ clot) 
3339. Exeter final efflu-| 1,000 not 10,000 | 1,000 not 100,000 N.R. 1 not 10 
env, 16/12/03. (— indol) 
(— clot) 
665. Exeter final efflu-| 100 not 1,000 100 not 1,000 N.R. 1 not 10 
ent, 24/2/04. (++ indol) 
(+ clot) | 
3620. Exeter final efflu- 100,000 100,000 B.S. 10 not 100 
ent, 13/2/05. (+ indol) 100,000 N.R. 
(+ clot) 


Effect of Temperature upon the Beds.—The observations on temperature included 


measurements made on the occasion of each visit to the works, and two 3-day sets of 
measurements made every few hours. 


As there was no severely cold weather during the observations, little can be said in 
regard to the effect of a low temperature upon the working of the beds; but as the lowest 
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effluent temperature recorded in ordinary frosty weather was 9° C. (48° F.), it may 
probably be inferred that the atmospheric temperature has only a slight effect upon the 
temperature of the sewage during its process of treatment. 


SUMMARY. 

The sewage is a weak domestic one, containing about 4 parts of nitrogen and not 
more than about 26 parts of suspended solids per 100,000, its dilute character being due to 
the inclusion of a large quantity of subsoil water, and also to the fact that the district 
sewered is a purely residential one. 

Not more than three times the dry-weather flow is treated at the works in times 
of storm, even when the sewage is greatly diluted; hence, in wet weather, the 
septic tank is only called upon to treat comparatively small quantities of storm water 
impurities. With regard to the sewage flowing into the septic tank, however, it has to be 
borne in mind that, owing to the outside grit-chamber being small, the tank is not well 
protected against the ingress of heavy suspended matters, mineral and other. 

The tank effects a fair settlement of the suspended solids of the sewage. In June, 1908, 
when it must have been more than one-third full of sludge, the suspended solids issuing 
from the tank amounted to about 8 parts per 100,000; and this is also the average figure 
for suspended solids in the tank liquor for the past year (1904-5), since the tank was 
emptied and re-started. 

In Appendix IV to the Fifth Report of the Commission, the results are given of the 
actual digestion of sewage matters effected in the tank, over a period of two years. . But 
it may be useful to point out here that the tank ran from August, 1896, to May, 1902, 
without having anything removed fromit. <A considerable quantity of the sludge was then 
pumped into the large septic tanks of the New Works, with the object of seeding them, 
but we have no means of ascertaining what this quantity was. The tank then ran 
again until April, 1904, when it was found to be half full of sludge. 

The filter beds—four of clinker and one of coke—have been in constant use since 

August, 1896, working at an estimated rate of 24 fillings per twenty-four hours. In June, 
1903, 7.¢., alter nearly seven years’ work, these filters had a capacity equal to 48 per cent. 
of the original water capacity, or 24 per cent. of the original empty tank capacity ; 
and in September, 1905, after rather more than nine years work, the capacity had 
been reduced to 29:4 per cent. of the original water capacity, or 14°7 per cent. of the 
empty tank capacity. 
_ Judging from the length of time that the filters have lasted, and from the fact that 
the materials composing them have not been much disintegrated, the coke and clinker 
have evidently been well suited, both in quality and in size, for the treatment of the dilute 
septic tank liquor at St. Leonards. 

The automatic gear for filling and emptying the filter beds has worked very well 
indeed throughout these observations, and has required but little attention to keep it in 
order ; this, we think, is due to the simple method of overflow by which the gear is actuated. 
By this action the length of the period of contact on the filters is dependent upon the rate 
of flow of the tank liquor at the time; and, although there are arguments which may be 
advanced against this, the balance of evidence appears to us to be in its favour, given a 
sufficient filtering area. During the first flush of storm water after a period of dry weather, 
the filter beds would no doubt be heavily taxed under this system, but otherwise increase - 
of flow is, as a rule, coincident with increased dilution as regards organic matter. 

During the observations the filters have received on an average 4 fillings each per 
twenty-four hours, equal to 105 gallons per cube yard per twenty-four hours for the: 
whole filtering area. Even having regard to the weak character of the septic tank 
liquor, this is probably as large a volume as they could be called upon to treat without- 
danger of rapid loss of capacity. 

The hourly samples of effluent, which were collected at midsummer, were of moderate: 
quality, while the chance samples, nearly all of which were taken between October and 
February, when sewage is naturally more dilute, were for the most part of good quality. 

Septic tank treatment, followed by single contact, can therefore be made to give satisfactory 
results in the case of a weak sewage. 

We have always, on our visits to the St. Leonards’ Works, found them to be practically 
free from nuisance. This, we think, is to be ascribed to the fact that both the septic tank 
and the channels are covered in, and also to the fact of the tank liquor being a dilute one 
from domestic sewage. : 

We desire to express our thanks to Mr. Donald Cameron, C.E., Mr. Goulding, City 
Engineer, and Mr. Marden, Manager of the Sewage Works, for much help in connection 

with our work at Exeter. 
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GUILDFORD SEWAGE WORKS. 


(CORPORATION OF GUILDFORD.) 


Situation of works i a i 


Methods of treatment - « . ; 


Population draining to works during observa- 
tions - : - - - - - 
Water supply in gallons per head and whence 
obtained - ; : - - - - 
Number of W.C.’s - - ; - - 
Sewerage system - . ; - - - 
Average dry weather flow of sewage in gallons 
per 24 hours” - - : : : 2 


Gallons of sewage per head per day ‘ i 


Character of the sewage - 


Period of observations - ‘ - - - 


Age of primary beds - - : : 
=, secondary a - - - - 2 
4) tertiary »°,, 3 = “Pardee x 


Amount of storm water treated on filters 
during observations - - : = = 


Total capacity of tanks in gallons - - - 


Total area of filters in yards super : : 
Total cubic content of filters in yards cube - 


Nature of filtering material - : ~ , 


Gallons of septic tank liquor treated per yard 
super per 24 hours on double contact beds 


Gallons of septic tank liquor treated per yard 
cube per 24 hours on double contact beds; 


The final effluent is discharged into - = 


iit =, 


About one and a quarter miles” 
from the centre of the town. 


(1) Chemical precipitation fol- 
lowed by land ; (2) open septic 
tank and double contact filtra-— 
tion, followed by continuous 
filtration through shallow per- 
colating filters. 


16,000 (average). : 


31:4; from shallow wells in the 
chalk—a hard water. 


3,700, approximately. 
Partially separate. 


400,000. 

25 . 

A strong domestic sewage, con- 
taining a large proportion 


(about one-fourth) of brewery 
refuse and other trade waste. — 


July, 1902 to November, 1904. 


Two years. 
Two years. 
Constructed during the observa- 


tions. 


The volume treated on the con- 
tact beds is constant. 


(1) Precipitation tanks, 264,000 ; 
Septic tank, 153,000. 

4,759°6. 

3,969°7. 

(1) Primary beds:—2 Beds, clink-— 
er; 3 beds, burnt ballast. 

(2) Secondary beds:—2 Beds, 
Clinker; 3. beds, burnt 


ballast. 
(3) Tertiary beds :—No. 1, Fine 


burnt ballast; Nos. 2 and 3, — 


fine clinker and sand. 


188. 


22°7. 


The river Wey, which joins the 


Thames at Weybridge. 
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Diagram ee F 
DIAGRAMS SHOWING FLOW OF QEWAGE AT GUILDFORD | 
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TOTAL FLOW FOR THE DAY = 420,600 GALLONS 
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Nore. The regular variations in the Guildford Sewage Flow aredue to the fact that part of . 


the sewage is pumped. : 
Weller & Graham. Lt? Litho | 
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FLOW OF SEWAGE. 


We were fortunate in having very favourable weather for our gaugings of the sewage 
flow at Guildford and the measurements were therefore satisfactory. The gauging 
lasted for seven days (July 17th to 23rd, 1902) in perfectly dry weather, and gave 
the average flow per day as 400,000 gallons. This figure, therefore, has been taken as 
the dry weather flow. - 


The highest day’s flow, 428,600 gallons, occurred on the Tuesday of the week, and 
the lowest, 364,000 gallons, on the Saturday. The highest rate of flow, 785,000 
gallons per 24 hours, came down at 11.30 a.m. on the Monday, and the lowest rate of flow, 
63,500 gallons per 24 hours, between the hoursof 12.30 midnight and 5.30 a.m.each night. 
In dry weather, about six-sevenths of the total flow comes down during the 16 hours 
of the day, and one-seventh during the 8 hours of the night. The chief reason for this 
great difference is that the pumps on the low level system always cease working from 
midnight to 6 a.m. in dry weather; and this is also the reason for the lar ge 
variations in flow which occur in the evening and early morning. 


Some storm-water finds its way into the low level sewerage system. So far as we 
are able to judge, however, the quantity is not great, excepting during periods of 
heavy rain or when the river is much swollen. We have made no gaugings of the flow 
at such times, but we understand that it rarely exceeds three times the dry weather flow. 


In regard to subsoil water, our records have led us to believe that a moderate quantity 
of subsoil water (probably about one-fifth of the total flow of sewage in dry weather) 
enters the sewers ; this would include leakage from taps,-which is no doubt considerable. 


The gauging results may be summarised as follows :— 


Dry weather flow : - 400,000 gallons per 24 hours. 
Highest day’s flow (dry settee - 423,600 _,, r» 
Lowest day’s flow (dry weather) - 364,000 _,, »» 


Highest rate of flow (dry weather) - 785,000 _,, : 
Lowest rate of flow (dry weather) 63,500 _,, * 
Oa Diagram J. are given some illustrations of the sewage flow at Guildford. 


Screens and Detritus Tanks-The whole of the sewage passes through a Smith’s 
Patent Sewage Sereen (John Smith, Carshalton) before it flows to the septic or 
precipitation tanks. ‘The screen has a -inch mesh, and is rotated and cleaned 
automatically by a water-wheel placed in the sewage flow. 


During the greater part of the observations, a wide woven wire band constituted the 
actual screen, but towards the end this wore out, and was replaced by a band of 
flexible steel shutters, perforated with }inch ci ‘reular holes. The screen appears to 
us to fulfil its purpose with the Guildford sewage. A considerable nuisance arises 
irom the screenings and also from the water-wheel actuating the screen. 


Crude Sewage.—Six samples were examined, viz., five sets of hourly and one chance 
sample. ‘The first three sets of hourly samples, Nos. 3014, 3017 and 3021, extended 
over 72, 48 and 48 hours respectively, in July, 1902, and the second tw» sets, 
Nos. 752 and 756, over 24 hours each, in November, 1904. The July samples were: 
kept in ice until they were despatched to the laboratory. About 0:08” of rain fell 
in the night when No. 752 was being drawn, but otherwise the weather was dry 
throughout. The following figures were obtained from the five hourly samples :— 


Parts per 100,000. . Average. Number of 

- Estimations. 
Ammoniacal Nitrogen - -~ - ans ren en (606 ta S01) 7:39 (5) 
Albuminoid Nitrogen i - ’ - - - - (1:57 to 2:08) 1.91 (5) 
Total Organic Nitrogen - - -  - - = = (3°48 to 432) 3°95 (5) 
Oxidized Nitrogen - = : : 2, aes 4 (0°0) 0-0 (5) 
Total Nitrogen- —- ef -~ a E1090 to 11°98) 11:34 (5) 
“Oxygen absorbed ” at aT? Ch (80° F. ) at once -- (4:43 to 5°58) 4-96 (5) 

3 5 “ » m4 hours - - (20-59 to 24:29) 21:96 (5) 
Chlorine - -~ - - - AY J - : - (9°98 to 11:50) 11-02 (5) 
Solids in Suspension - - - - - : - - (36°6 to 54°3) 42:1 (5) 
Solids by Centrifuge (vols.) —- Or .-1...7 43 ; (286 to 387) | 331-0 (5) 
Ratio of Solids in Suspension to Centrifuge Solids - (1: 68to1l:91)/1: 76 (5) 
“Cellulose ” (by alkali, acid and ether) _ - - - - (632 to 6°68) 6:51 (3) 
Ratio of “Cellulose” to Suspended Solids. - - ~~-(4-+-6-7-to-1 + -8°6)-|-1-: 75 (3) 





6225-—-App. IIf. X 2 
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The following points come out very clearly from the above analyses :— 


1. The Guildford sewage is a very strong one, both as regards nitrogenous and 
other oxidisable matter, although not containing an exceptionally large amount of 


chlorine. 


9. All the hourly samples were remarkably uniform in composition although two 
and a half years elapsed between the taking of the first and the second series, excepting 
that the suspended solids in the last two sets of samples come out distinctly lower than 
in the first three (87 parts per 100,000, as against 49 parts). This variation, however, 
may be partly due to the fact that in the later sets the solids were determined directly, 


wv 


and in the earlier sets by difference. 


The first three sets of samples were noted, on analysis, as having a ‘sewage and 
beer” smell. Their suspended solids consisted largely of fibre or a network of fibrous 
matter, such as the skeleton of a leaf or husk; hence this sewage is obviously one 
which requires careful settlement or clarification before treatment. When No. 756 
(in the second set) was drawn, the weekly cattle market was being held; the sewage 
was afterwards noted as having a soapy, tarry smell. 


The one chance sample of sewage which was examined, No. 3462, drawn on 30tl. 
May, 1904, at 3 p.m., was even rather stronger than the above average samples in 
nitrogenous matter, and very greatly stronger as regards oxidisable matter generally 
and suspended solids (“ Oxygen absorbed” in 4 hours = 38°98; solids by centrifuge = 
577 vols.). This iatter circumstance is no doubt partly accounted for by the fact that 
the sample of sewage contained milk refuse from a large dairy. 


The sewage, therefore, is a strong and difficult one to treat. 


Bacteriological results.—The results are shown in the following table, but will be 
considered together with the results of the examination of the septic tank and pre- 
cipitation liquors later in this Report. 





In. = Indol test. 
N.R.=Neutral red broth 











igs test. B. Enteritidis 
eae of the B. Coli. test. |L.P.M.=Lactose peptone sporogenes Remarks. 
ple. : 
milk test. test. 
B.S.=Bile Salt glucose 
peptone test. 
3014. Guildford Crude 100,000 100,000 In. 1,000 not 10,000 | ‘‘ Gas” test +:01 c.c. 
Sewage, 20/7/02. (-indol) 100,000 N.R. 24 hours at 20°C. 
(+-clot) 100,000 L.P.M. 
100,000 B.S. 
30718. Guildford Crude — 100,000 N R, | 1,000 not 10,000 | ‘‘ Gas” test +-01 c.c. 
Sewage, 22/7/02. 100,000 N.R. 24 hours at 20°C. 
100,000 B.S. 
3021. Guildford Crude — 100,000 N.R. 1,000 not 10,000 | “Gas” test +001 c.c 
Sewage, 24/7/02. 100,000 L.P.M. 9A hours at 20°C. 
100,000 B.S. 
752. Guildford Crude 100,000 100,000 N.R. 1,000 not 10,000 
Sewage, 22/11/04. (+-indol) 100.000 B.S. 
(clot) 
756. Guildford Crude 100,000 100,000 N,R. 100 not 1,000 
Sewage, 23/11/04. (+-indol) 100,000 B.S. 
(clot) | 


i gt 
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THE SEPTIC TANK, DOUBLE CONTACT BED, AND PERCOLATING. 
FILTER PROCESS. 


SEPTIC TANK. 


Number - - - . One. 

Size - - - - 70 feet by 50 feet. 
Depth (average) . - T feet. 

Capacity - - - 2 153,000 gallons. 


Construction.—The septic tank is a plain brick and cement tank, with a bottom sloping 
both to the centre and to the outlet valve. The sewage enters at a depth of 5 feet, 
and is drawn off at a depth of 2 feet. The outlet sludge valve is at the end where 


the sewage enters. 


Flow through.—With the usual flow of 100,000 gallons in 15 hours, the flow through 
is once in 22°95 hours, at a rate of ‘61 inch per minute. 


Working.—The tank is fed with screened sewage from 6 a.m. to 9 p.m. each day. 
During these hours sufficient liquid passes through to fill each of the five primary 
contact beds twice. The liquid in the tank is stagnant between 9 p.m. and 6 a.m. 
During the greater part of the observations the tank was open. ‘Towards the end, 
however, in consequence of the smell arising from it, it was covered over with sheets 
of corrugated iron. 


History of the Septic Tank.—The septic tank was started on March 24th. 1900. After 
treating on the average about 100,000 gallons per day from this time until October 24th, 
1901, it was found to require cleaning. The supernatant liquid was therefore drawn off, 
and the sludge was removed by ladling it into carts. The operation is said to have been 
attended with only slight nuisance, owing to the sludge having been thoroughly 
septicised. After re-starting, the tank was worked for a further period of twelve 
months at the same rate, and was then cleaned out again. This time, which was 
during our observations, an attempt was made to pump the sludge on to the adjoining 
field, through the stone-ware sludge main used for the same purpose with the ordinary 
thin precipitation sludge. The pipe, however, was not strong enough to stand the 
pressure caused by the pumping of such thick sludge as this proved to be, and it gave 
way twice under the strain. Eventually the tank was emptied by ladling the sludge 
into slop-carts and tipping it on to a heap close by. ‘This operation, however, 
resulted in so grave a nuisance to the cluster of houses adjoining the works, that 
iminediate and strong steps had to be taken in order to stop it. This was done by 
smothering the smell with sawdust, lime and soot. Three weeks elapsed before the 
tank could be re-started ; of this, two weeks were occupied in the attempt to pump, 
and three days and one night in the carting. 


From November 26th, 1902, when it was again brought into use, the tank worked 
for a further period of about five months. On beginning to give rise to a nuisance 
at the end of this time, it was emptied and cleaned out again,—on April 14th, 1908. 
On this occasion the sludge was pumped without difficulty into a large trench in the 
field adjoining the works, but the operation was again attended with nuisance. The 
tank was re-started on April 22nd, 1908, but was stopped after five weeks working in 
order that it might be roofed in with corrugated iron, the idea being that this might 
help to prevent nuisance from smell. The alteration was completed in 34 days and, 
after two more short stoppages, the tank took its usual quantity of 100,000 gallons per 
24 hours without further need of cleauing until November 28th, 1904—a period of nine- 
teen months. On pumping off the supernatant liquor then, the tank was found to be 
rather more than one third full of thick sludge. In removing this, it was found necessary 
to mix it with about an equal quantity of precipitation liquor, after which it was 
pumped into shallow trenches ploughed in a field about three quarters of a mile away 
from the tanks, each trench being filled in with soil as soon as the sludge had dried 
sufficiently. In this way the sludge was removed expeditiously and with very little 
nuisance, excepting in the neighbourhood of the trenches. The area of land used for 
the trenching was about three acres. 
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Amount of Sewage treated in the Septic Tank.—The amount of sewage passing 
through the septic tank each day is regulated by the volume required to fill the primary 
eds twice. Though nominally 100,000 gallons per day, it was at the commencement 
of our observations approximately 91,000 gallons per day, and at the end (in June, 


1904) approximately 66,000. 


Septic Tank Liquor (Hourly Sampies).—Eight samples in all were examined. 
chemically, including five sets of hourly samples; of the latter, Nos. 3,015, 3,018 and 
3,022 were taken in sets of 72, 48 and 48 hours each, in July, 1902, and Nos 753 and 
755 in sets of 24 hours each, in November, 1904 (¢/ hourly samples of sewage). It 
should be noted here, however, that, whereas all the hourly sets of sewage samples 
were drawn according to rate of flow, the sets of septic tank liquor were drawn in 
equal quantities every hour, with the omission of the fractions from 10 p.m. or 8 pm, 
to § a.m. on the following morning, from July 17th to 22nd, inclusive, owing to the 
stoppage of the flow of sewage into the septic tank during those hours. The effect of 
this stoppage would of course be to make the septic tank liquor relatively stronger 
than the sewage; on the other hand, the taking of the hourly samples in equal 
volumes would make it weaker than the true average. ; 


The following figures were obtained :— 


Parts per 100,000. Average. = ren 

Ammoniacal Nitrogen er a ee 911.1 6) 
Albuminoid Nitrogen - . - - - - (0°73 to 1:43) 1:00 (5) 
Total Organic Nitrogen — - - - the - - (1°80 to 2-54) 2:14 (5) 
Total Nitrogen - - - : - - - - (10°71 to 12-02) 11:25 (5) 
“Oxygen absorbed” at 27°C. (80° F.) atone - - - (340t0407)| 3-61 (5) 

0) %9 ,9 » m4hours-  - (10-87 to 12:07) 11°42 (5) 
Chlorine (6 sods OEIT - coaee eo Sonjele quGleaaonth68) \eneid ga ae 
Solids in suspension - Pl ciatiic . cEueths 2 : - (8:0 to 223) 15°9 (5) 
Solids by centrifuge (vols.)- - — - - . : - (67:0 to 1060) 82.0 (5) 
Ratio of solids in suspension to centrifuge solids - (1: 38tol: 84)| 1:56 (5) 
“ Cellulose” (by alkali, acid and ether) ~ - - - - , (3:28 to 3:32) 3°31 (3) 
Ratio of “Cellulose” to solids in suspension - - (1: 51 tol: 68) | 1: 60 (3) 


All the foregoing samples of septic tank liquor had a strong foul smell. Although 
they are not absolutely comparable with the five sets of hourly samples of sewage, 
they may be taken as pretty nearly so, seeing that the total nitrogen in the septic 
tank liquor remains the same as in the sewage; hence the following deductions are 
justified :— 


(1) The organic nitrogen is reduced to nearly one-half in the septic tank liquor, 
the ammoniacal nitrogen being increased to practically the same extent that the 
organic nitrogen is decreased, 


(2) The ‘oxygen absorbed” from permanganate in 4 hours is reduced to nearly 
one-half. 


(4) The solids in suspension are reduced to one-third. This is of course a poor 
reduction, but at the time the first three sets of septic tank liquor were drawn, the 
tank was very full of sludge. 


(5) The solids in suspension in the septic tank liquor are denser than those in the 
sewage. ) 


(6) The “cellulose” in the septic tank liquor is exactly half what it was in the 
sewage, that is to say, it was not reduced in the same proportion as the total sus- 
pended solids. The microscopical examination of the two kinds of solids showed, 
however, less fibre in the solids of the septic tank liquor than in those of the sewage. - 
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The actual percentage reduction figures of the hourly sets of septic tank liquor, as 
compared with the hourly sets of sewage, are :— 


Total Nitrogen - -  - -  - + No difference. 
Albuminoid Nitrogen — - - - - - 48 per cent. reduction. 
Total Organic Nitrogen - - : : - 46. ,, r) 

“ Oxygen absorbed” at once - - - - 27 ‘ , 
“Oxygen absorbed” in 4 hours — - . - 48, ” 
Solids in Suspension — - - - - + BOB 1; %9 


Septic Tank Liquor (Chance Samples).—The three chance samples of septic tank liqucr 
examined—No. 3,071, drawn December 9th, 1902, at 10 a.m.; No. 504, drawn March 
24th, 1903, at 1.10 p.m. ; and No. 3,346a, drawn December 81st, 1908, at 7.10 a.m.—were 
again fairly uniform and did not differ much in composition from the hourly samples, 
excepting that they contained only about halfas much suspended solids. Their average 
figure for Total Nitrogen was 10°03, and for “ Oxygen absorbed ” in 4 hours 12°87. 


The contact beds at Guildford, therefore, have to treat a very strong septic tank liquor. 





Bacteriological Resulis—The results are shown in the accompanying table. All the 
samples of sewage, septic tank liquor and precipitation liquor yielded positive results 
with -00001 c.c., (100,000 per c.c.), when tested by the B. coli, indol, neutral red 
broth, lactose peptone milk and bile-salt glucose peptone tests. As regards the 
B. enteritidis sporogenes test, out of a total of 17 samples from the above three sources, 
no less than ten samples yielded a positive result with ‘001 c.c. (1,000 Re c.¢.). 

in=Indol test. 


N.R. = Neutral red broth 
test. 





Resempcn oF ue B. Coli test. L.P.M.=Lactose peptone Pi sie es Remarks. 
ample. a ae Yast sporogenes test. 
B.S.=Bile-salt glucose 
peptone test. 
3015. Guildford septic 100,000 100,000 In. 1,000 not 10,000 | “Gas” test+1c.c. 
tank liquor, 20/7/02. ( —indol) 100,000 N.R. 24 hours at20°C. 
(— clot) 100,000 L.P.M. 
100,000 B.S. 

3018. Guildford septic _ 109,000 N.R. 100 not 1,000 | ‘‘Gas” test+-1 cc. 
tank liquor, 22/7/02. 100,000 L.P.M. 24 hours at20°C. 
100,000 B.S. 

3022. Guildford septic — 100,000 N.R. 1,000 not 10,000 | “Gas” test + -01 
tank liquor, 24/7/02. 100,000 L.P.M. c.c, 24 hours at 

‘ 100,000 B.S. 20°C. 
3071. Guildford septic oe 100,000 N.R. 100 not 1,000 | “Gas” test + ‘O01 
tank liquor, 9/12/02. 100,000 L.P.M. c.c. 24 hours at 
100,000 B.S. 20° C. 6,900.000 
microbes per ¢.¢. 
(agar at 37°C.) 
763. Guildford septic 100,000 100,000 N.R. 1,000 not 10,000 
tank liquor, 22/11/04. Ns a 100,000 B.S. 
— clot 
775. Guildford septic 100,000 100,000 N.R. 100 not 1,000 
tank liquor, 23/11/04. a aie 100,000 B.S. 
— clot 





PRIMARY CONTACT BEDS. 
Number - : : - - ttt 


Area of each : - - - - about 400 squareyards. 
Total area . - . : - - 2,018 square yards. 
Cubic content of each — - - - - about 330 cubic yards. 
Total cubic content . - - - 1681°5 cubic yards. 
Depth of Material . - 2 feet 6 inches. 


Material. 3 beds. ape ballast, prseen to pass a 8 inch ring, but 
rejected by a § inch screen. 
2 beds. See broken to pass a 8 inch ring, but 
rejected by a 3 inch screen. 
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are constructed of brick and cement, They are 


ruction.—The filter tanks 
Goretsnation aised above the level of the surrounding land. 


built upon made ground and are r 

Distribution.—By means of grips in the ordinary material. 

Working.—The beds are filled and emptied by automatic gear, put down by Messrs. 
Adams & Co., of York. | 

Except during those times when it has been necessary to clean out or to make 
alterations in the septic tank, the beds have received two fillings a day throughout our 
observations. Both fillings are made between 7 a.m. and 9 p.m. and the beds, as a 
rule. take an hour to fill, remain full for two hours, and rest for four hours between 
the first and second filling, and for about eighteen hours between the second filling 


of one day and the first of the next day. 
The grips in the material have been turned over about once a month during our 
observations, and the bed surfaces have also keen raked, dug over, and weeded from 


time to time. 


Capacity.—The total cubic content of the five primary beds is 1,681°5 cubic yards. 
The total empty tank capacity is therefore 283,669 gallons, and the original total 
water capacity, on the assumption that the material occupies half the space in the 
tank, is 141,834 gallons. The beds were first used on August 20th, 1900, receiving 
septic tank liquor at the rate of two fillings per day. 7 

We commenced our observations at Guildford in July, 1902, and on July 26th, 1902, 
when the beds were twenty three months old—we made our first measurements ot 
capacity. From primary beds Nos. 2 and 4 (one a burnt ballast bed and the other a 
clinker bed), taken as typical, we estimate that the water capacity of all five beds at that 
time was about 45,600 gallons, equal to 16 per cent. of the empty tank capacity or 
32 per cent. of the original water capacity. The loss of capacity had taken place chiefly in 
the burnt ballast beds, the ballast bed No. 2 giving a capacity of about 8,300 
gallons, as against a capacity of about 10,350 gallons for the clinker bed. But it will 
be seen that there was a serious loss of capacity in both kind of beds. After a further 
run of fourteen weeks, the beds were given a complete rest of twenty-four days, and 
a week after restarting they were gauged again. The estimated capacity on this 
occasion (December 9th, 1902) was 55,500 gallons, or 19 per cent. of the original 
empty tank capacity. As the result of the rest, therefore, there was an estimated 
total gain in capacity of 9,900 gallons. The actual capacity of each bed upon which ~ 
the measurement was made was :—No. 2 (burnt ballast) 9,100 gallons ; No. 4 (clinker) 
14,098 gallons. The gain of capacity took place, therefore, chiefly in the clinker bed. 
On re-starting again, however, a rapid loss of capacity occurred in the latter; on 
December 24th, 1902—a fortnight later—it was found to be 13,200 gallons. 
This therefore represented a loss of capacity in 14 days equal to 898 gallons. We 
ourselves made no further gaugings at Guildford; but measurements by Mr. C. 
Girling, the Manager of the works, on June 11th, 1904—17 months later—gave the 
total primary bed capacity as about 33,040 gallons, equal to 115 per cent. of the 
original empty tank capacity. 

Primary Efluenis.—Four chance samples of primary bed effluent, Nos. 3029, 3072, 
470 and 33478, were examined chemically, three of them being drawn at midflow and 
one when the bed was three-fourths empty. All of them were from the first emptying 
of the particular bed for the day.. They were all drawn in the winter and autumn 
months, three of them at least in dry cold weather, and were fairly uniform in compo- 
sition. Being analysed only partially, excepting in one instance, only a few figures 
need be given, viz.— 


Parts per 100,000. Average: ol intone 
‘““ Oxygen absorked ” at 27° C. (80° F.) at once - - - (1:69 to 2°46) 1:92 (4) 

2 a « in 4 hours - - (5°87 to 951) 7:37 (4) 
Solids by centrifuge (vols.) - - (14:0 to 370) 24:0 (4) 
Incubator test (by smell) - - - - - - - - - - 4 failed* (4) 
Smell when drawn - - . - - . : . - - . 3 bad (3) 
Smell when analysed- : - - - : - yt - : 3 bad (3) 


* This was taken for granted in two cases. 
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All these primary effluents were brownish and turbid, but without much suspended 
matter. Assuming that the samples represent roughly an average of the primary bed 
effluents, then, when compared with the hourly samples of (a) sewage and (b) septic 
tank liquor, they show the following reduction in figures : 





— P : @) ® 
Calculated on the “Oxygen absorbed” ad once — - z . : 2 - | 61 per cent.| 47 per cent. 
” ” 99 ” > an 4 hours : = : : . 66 3 85: ,, 

r » 9, Centrifuge solids = - : - - - : = ie O3 he CT 





(a) The septic tank liquor, No. 3071, and primary effluent, No. 3072, were drawn 
as corresponding samples, and (4) so were the liquor, No. 83644, and primary effluent, 
No. 33478. Comparing these, respectively, we get the following reduction figures :— 


Calculated on the Total Nitrogen - - - - - ; - | 46 se pee. 2) 
_ », ‘Oxygen absorbed ” at once - : - Z - - ae iy Vea 49 a 
z a _ a. im4hours - - : : tA Sia: 46 E, 
» » Centrifuge solids - - : - : - - - NS V5 75 ij 


Taking all the above figures from the primary effluents together, they indicate that 
the primary beds remove about half the organic matter present in the septic tank 
Jiquor. 


Bacteriological Results.—The results are shown in the accompanying table, but their 
consideration will be undertaken at a later stage of the report. 





In ==Indol test. 
N.R.—Neutral red broth 





one f th test. B. Enteritidis 
gar se : B. coli test. L.P.M. = Lactose peptone sporogenes - Remarks. 
belie milk test. test. 
B.S. =Bile-salt glucose 
peptone test. 
3016. Guildford prim- 100,000 100,000 In. 100 not 1,000 | “Gas” test + ‘1 
ary bed effluent, (+ indol) 100,000 N.R. c.c. 24 hours at 
20/7/02. (+ clot) 100,000 L.P.M. 20°C. 
100,000 B.S. 
3020. Guildford prim- 100,000 . 100,000 In. 100 not 1,000 “Gas” test + ‘1 
. ary bed effluent, (+ indol) 100,000 N.R. c.c. 24 hours at 
22/7/02. (+ clot) 100,000 L.P.M. 20°C. 
100,000 B.S. 
3023. Guildford prim- 100,000 100,000 In. 100 not 1,000 | “Gas” test + ‘1 - 
ary bed effluent, (+ indol) 100,000 N.R. c.c. 24 hours at 
24/7/02. (+ clot) 100,000 L.P.M. 20°C. 
. 100,000 B.S. 
3029. Guildford prim- 100,000 100,000 In. 1,000 not 10,000 | “Gas” test + ‘01 
ary bed effluent, (+ indol) 100,000 N.R. c.c. 24 hours at 
15/10/02. ( — clot) 100,000 L.P.M. 20°C. 
100,000 B.s. 
3072. Guildford prim- — 100,000 N.h. 100 not 1,000 | “Gas” test + ‘01 
ary bed effluent, 100,000 L.P7M. c.c, 24 hours at 
9/12/02. 100,000 B.S. 20° C. 2,150,000 
microbes per ¢.¢. , 
(agar at 37°C.) 
470. Guildford prim- 100,000 100,000 In. 100 not 1,000 | “Gas” test + ‘1 
ary bed effluent, (+ indol) 100,000 N.R. c.c, 24 hours at 
15/1/03. ( — clot) 20° C. 2,700,000 
microbes in 1 ¢.«. 
(agar at 37°C). 


eee eer aeeoeoem™”’ 
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SECONDARY BEDS. 


Number - - - - - - 6. 

Area of each - : . : - about 580 square yards. 
Total area - - ; - - 2,741°6 square yards. 

Total cubic content - : - - 2,288°2 cubic yards. 

Depth of material - - - - 2 feet 6 inches. 

Material -—- - : - 8 beds burnt ballast, passed 


by a #4 inch mesh and 
rejected by a;'sinch mesh. 
2 beds clinker, passed by a 4 
inch mesh and rejected 
by a vo inch mesh. 
Construction.—Brick and cement. 
Distribution.—By means of grips in the ordinary material. 


Working. - Except during a period of five weeks, in June, 1903, when they were filled 
once a day with precipitation liquor, and during the stoppage of the septic tank for 
cleaning, the secondary beds have received two fillings per day of primary bed effluent. 
The beds are filled and emptied by automatic gear put down by Messrs. Adams & 
Co., York, and are worked in exactly the same way asthe primary beds. Throughout 
our observations the period of contact has been two hours. 


Capacity.— Several attempts were made to gauge the capacity of the secondary beds, 
but none of them resulted satisfactorily, mainly because of the practical impos- 
sibility of filling the secondary beds except through the primary. Weare consequently 
unable to make any accurate statement on this point. There is no doubt, however, 
that the loss of capacity in these beds took place at a much slower rate than in the 
primary beds, for in December, 1902, the effluents from some of the primary beds were ~ 
only sufficient to half fill the corresponding secondary beds into which they were run. 


Secondary Efluents.--Seven samples of secondary effluent were examined 
chemically, Nos. (8030 and 3031), 3073, 469, 3107, 502, 612 and 3348c. The first 
two, though analysed separately, have been averaged as one sample here, being from 
the same emptying of a bed, but taken at different intervals after the valve was opened. 
These samples were spread over spring, autumn and winter and most of them were 
taken in dry weather, at or about mid-flow. They gave the following figures :— 





Parts per 100,000. | Average. Number of 





Estimations. 
Ammoniacal Nitrogen - : - - - - - (0°70 to 1°66) 1:08 (3) 
. Albuminoid Nitrogen - a eh | ie Ue ern) oo (eat ae (2) 
Total Organic Nitrogen - : - : - : - (1:25 and 0°65) (2) 
Oxidized Nitrogen - - - - - - - (0°40 to 2:03) 1:22 (7) 
“Oxygen absorbed ” at 27° C. (80° F.) at once- - - (0°44 to 1:14) 0-78 (7) 
% 9 Y9 in 4 hours : - (1°44 to 4:43) 277 (7) 
{ 4 passed. 
Incubator test (Scudder) — - - - . - - - - - - |\ 2 failed. (6) 
( 2 passed 
Incubator test (by smell) - - : - - - - - - - a pales (7) 
aile 
( 2 good 
Smell when drawn - - - : - - - . - 2 - |) 2 brewery* (5) 
| 1 bad 
Smellwhen'analysed -- 9 -- = -) - ee { : ate rac (6) 
Solids by centrifuge (vols.) ~ 4) dae Fang ns = 8) 9) Drake toS00 12:0 (7) 





It is evident from the above figures that, excepting in the matter of suspended 
solids, of which five out of the seven samples were very free indeed, the secondary 
effluents at Guildford are not quite fully purified. The samples tested were 





* A “brewery” odour is of course not a putrescent one. 
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partly opalescent, partly turbid, and two of them still retained the “ brewery ” smell 
when drawn. The “dissolved oxygen absorption” test was only applied in two 
instances to these effluents, but the permanganate figures are somewhat high, and the 
incubation results are unsatisfactory. Of course one has to bear in mind the fact that 
the effluents come from a strong sewage, and that they would, therefore, contain 
normally rather a high proportion of organic matter of a resistant nature, and 
consequently give figures, for permanganate absorption, etc., higher than the average. 
But, even allowing for this, the incompleteness of the purification is evident from the 
Bee amounts of nitrate used up on incubation by four out of the seven samples, 
thus :— 





er = 3 
No. See aa ea x Oxidized Nitrogen used up.| Smell after incubation. 

3073 1:87 - Probably all. Smell like beer ; suspicious. 
469 1:50 approx. All. Putrid. 

3107 2:0 approx. All. Putrid. 

3348 C. 1:34 Nearly all. Doubtful earthy smell. 


It is pretty evident, therefore, that some of the constituents of the brewery refuse 
in the Guildford sewage are difficult of treatment in the contact beds, rendering the 
sewage harder to purify than a purely domestic sewage. 


As compared with the hourly samples of (7) sewage and ()) septic tank liquor, the 
foregoing seven secondary effluents show the following reduction in figures :— 


(2) (b) 
Calculated on the ‘“‘ Oxygen absorbed” at once - - - - - - | 84 per cent. | 78 per cent. 
” ” ” ” m 4 hours 4 - : i * 5 87 ” ” 76 ” ” 
ee A , Centrifuge solids - - - - - eh Fx SOUR NEP 8 S04 AS 


Refsrence may be made here to two sets of comparative samples, each comprising 
a septic tank liquor and a primary and secondary effluent, and the second set a 


tertiary effluent also. Their figures of analysis are :— 
we a oe 8 I 








No. No. No. No. No. No. No. 
Parts per 100,000. 3071 3072 | 3073 | 33464 | 33478 | 3348c | 3349D 

Sept. Liq.} Prim. Sec. Sept. Liq.) Prim. Sec. Ter. 

Ammoniacal Nitrogen - - : 9:03 | 3°41 1:66 0:88 0°75 
Albuminoid Nitrogen- - - -| 104 | 0°56 0:37. 0:28 0:30 
Total Organic Nitrogen. -  -| 259 | 1°74ap.; 1°25 0°65 0°88 
Nitrous Nitrogen ae fk Peo 0:25 0:07 Trace 0:02 0-02 
Nitric Nitrogen - - - - - 0:30 ap.| 1:80 1:32 1:52 
a eeeonen ey =~ 4121162) 15°70 4°77 9:03 2°87 3:17 

Oxygen absorbed from Permanganate 

at 27°C. (80°F.) at once - - -} 320 | 1:82 1:04 3°30 1°69 0°76 0:87 


eo, «mS hours | 1112 | 597 3995} 1403 |) 753 | 2:82") 291 
Disolved oxygen taken up in 24 hours 


at 18°C. (65°F.) —- 0°42 
alone =) - SO - | 1150 10:04 9°94 9°58 9°52 
Incubator test (Scudder) - -~— - Passed Passed | Passed 
. wetoy smelly —'- “=~ . - Failed |Doubtful Failed | Passed |Passed(*) 
Donbtful 
Solids in suspension - - : 
Solids by Centrifuge (vols).- - -| 400 370 33:0 | 770 19:0 18 36 





(*) Doubtful or strong earthy smell after incubation. 
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On a general review of these figures—leaving suspended solids out of account—it 's 
seen that, as compared with the septic tank liquor, the reduction of impurity in the 
primary effluents amounts to about 46 per cent. and in the secondary to about 
70 per cent. | 


= Bacteriological Results.—The results are shown in the accompanying table, but it is 
desirable to consider them in connection with the results of the examination of the 
other effluents 





In. =Indol test. 
N.R. = Neutral red broth 





. test By 
Description of the . Tes: B. Enteritidis 
Sample: B. Coli Test. ad peptone sporogenes test. Remarks. 
B.S.=Bile-Salt glucose 
peptone test. 

3017. Guildford Secon- | 10,000 not 100,000 100,000 In. 100 not 1,000 | “Gas” test-+ Lee. 
dary Bed Effluent, (+ indol) 100,000 N.R. (24 hours at 20°C.) 
20/7/02. (+clot) 100,000 L.P.M. 

100,000 B.S. 

3019: Guildford Secon- 100,000 100,000 In. 100 not 1,000 | “Gas” test+1 c.c. 
dary Bed Effluent, ( —indol) 100,000 N.R. (24 hours at 20°C.) 
22/7/02. ( — clot) 100,000 L.P.M. 

100,000 B.S. 

3024. Guildford Secon- 100,000 100,000 In. 100 not 1,000 | “Gas” test+-1 c.c. 

dary Bed Effluent, ( — indol) 100,000 N.R. (24 hours at 20°C.) | 
4/7/02. (+-clot) 100,000 L.P.M. 
100,000 B.S. 

3030 Guildford Secon- 100,000 100,000 In. 100 not 1,000 | “Gas” test+-01c.c. 
dary Bed Effluent, (+-indol) 100,000 N.R. 

15/10/02. ( - clot) 100,000 L.P.M. (24 hours at 20°C.) 
100,000 B.S. 

3031. Guildford Secon- 100,000 100,000 In. 100 not 1,000 | “Gas” test-+-01 cc. 
dary Bed Effluent, (+-indol) 10,000 not 100,000 N.R. (24 hours at 20°C.) 
15/10/02. ( - clot) 10,000 not 100,000 L.P.M. 

100,000 B.S. ~ 

3073. Guildford Secon- = 100,000 N.R. 10 not 100 | “Gas” test--Olo.c. 
dary Bed Effluent, 100,000 L.P.M. (24 hours at 20°C.) 
9/12/02. 100,000 B.S. 1,010,000 microbes 

per cc. (agar at 

469. Guildford Secon- 100,000 100,000 In. 1,000 not 10,000 | “Gas” test+--1 c.c. 

dary Bed Effluent, (+-indol) 100,000 N.R (24 hours at 20°C.) 
15/1/03. (clot) 

3107. Guildford Secon- 100,000 10,000 not 100,000 In. 100 not 1,000 
dary Bed Effluent, ( —indol) 100,000 N.R. 

24/2/03. (+ clot) 100,000 B.S. 

502. Guildford Secon- seed 1 t N.R. 1 t 0 
dary Bed Effluent, eatery ei : 
24/3/03. 

612. Guildford Secon- | 10,000 not 100,000] 10,000 not 100,000 N.R. 10 not 100 
dary Bed Effluent, (+-indol) 

29/9/03. (+clot) 

3348c. Guildford Secon- 100,000 100,000 N.R. 100 not 1,000 

dary Bed Effluent, (--indol) 


31/12/03. 


(+ clot) 





ee &: 


Anount of Septic Liquor treated in the “Double Contact Bed Process.- -The 
average capacity of the five primary beds between July 1902 and June 1904 was 
about 45,000 gallons. Two fillings per day at this mean capacity give the following 
figures :— 

Amount treated per square yard per day on the total area of the 
~~two sets of beds" - = Sree - 18°8 gallons. 


Amount treated per cube yard per day on the total cubic content 
of the two sets of beds - - - - - 22°7 gallons. 


TERTIARY BEDS OR FILTERS. 


Number - 3 - - - - 3. 
Area 8T2. so es ~~ 6 e * ))No. 1; 189 square yards. 
} No. 2; 170 __,, ” 
No. 3; 147 __,, r 
Total areas - : - - 456 square yards. 
Cubic content - . . - No. 1; 96 cubic yards. 
on te Nose 20m 15,3 
No. 3;190"., 
Total cubic content . - : 415 cubic yards. 
Depth of material - : : No. 1; 2 feet. 


No. 2; 2 feet 2 inches. 
No. 8; 3 feet 10 inches. 


- Material - - oar - No.1. Burnt ballast ; every- 
: thing under yy inch 
diameter. 
No. 2. Fine clinker , everything 
and sand ; under 
No. 3. Fine clinker aaloch 
and sand. diameter. 


Distribution.—On No. 1, perforated pipes working under pressure, so as to produce a 
spray. On Nos. 2 and 3, wooden troughs. 


Construction.-—These beds are percolating filters of fine material, let into the ground. 
Except for the bottoms and the inspection chambers, which are of concrete, no building 
materials have been used in their construction. 


Working.—The tertiary beds, with a small plot of grass land, take the whole of the 
effluent from the secondary beds, as run off from about ll a.m.to2am. They rest 
from 2 a.m. to 11 a.m. 


These Tertiary beds were constructed by Mr. C. G. Mason, the Borough Surveyor, 
during our observations, jn order to further purify the secondary bed effluent before 
discharging it into the river. As a step in the direction of preventing the discharge 
of insufficiently purified effluents into rivers, they have been of great interest to us, 
but we have not thought it necessary accurately to gauge the amount of effluent 
treated upon them. As a rough estimate, we should put it down as being, at the 
end of our observations, about 60,000 gallons per day. At this figure, the flow per 
cube yard per day would be 145 gallons. 


Tertiary Efluents.—Nine samples were examined chemically, viz., Nos. 3,107A1, 
3,10742, 503, 540, 611, 3,349p, 3,351, 3,857 and 675. These were drawn during 
spring, autump and winter, almost all of them in dry weather, and they were for the 
most part taken after the beds had been restarted for about half an hour or so. 


Sample No. 3,107a1 was from a comparatively new filter, and it is noticeable that 
it contained much more unoxidised ammonia (1:52 parts ammoniacal nitrogen) than 
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any of the other samples; No. 675 was a sample of last runnings and contained a 
mere trace of ammonia, but it is included here. The following figures were 


obtained on analysis :— 


ogee I 
Parts per 100,000. Average. Number of 





Estimations. 

pee Bi, es eR pe eke eS ee 
Ammoniacal Nitrogen - i - - (0:04 to 1°52) 0.51 (8) 
Albuminoid Nitrogen we ee eee ON ara: 0:18 (8) 
Total Organic Nitrogen - -~ - - = (0°03 to 0°941) 0:58 (4) 
Oxidized Nitrogen - - - - - -  - > (154 to 2:80) 217 (9) 
Total Nitrogen <=> =, = SES a ees ee ee ee oe 2°99 (5) 
“ Oxygen absorbed ” at 27° C. (80° F.) at once -. - ~ - (0°03 to 0°87) 0°43 (9) 

3 i 4; » m4 hours - - (0°63 to 2°91) 1°76 (9) 
Dissolved Oxygen taken up in 24 hours at about 18°C. - 0:42 to 1:04) O72: (7) 
Incubator test (Scudder) - . - - ; - : - 9 passed (9) 
Incubator test (by smell) - - : - : sees : - - 9 passed (9) 
Smell when drawn - - - : - : - - - - - TT good Res. 
Smell when analysed - - - - - 2 ° - 2 - - 9 good (9) 
Chlorine -: 9 - ~+ pes) -5 > SU i (econ ua) 9:12 _ (4) 
Solids by Centrifuge (vols.) i ie - (Minute trace to 19:0) 3°4 (9) 

Parts per 1,000, by volume. 

Oxygen in Solution when analysed - - - -  (0°0 to 5:25) 25 (9) 


* No. 675, an excellent effluent, gave the very high figure of 1-64 for dissolved oxygen absorption ; this 
was, however, totally out of keeping with all the other figures of analysis and it has been rejected as being 
in all probability due to some error. . 


+ Two of these still retained a very faint brewery smell when they came to be analysed. 


Coming from a strong sewage, difficult to treat, like that at Guildford, these 
effluents were in most respects of good quality. Excepting in the case of No. 3,851, 
when frost on the surface of the bed had ,evidently affected its working to some 
extent, they contained only traces or little more than traces of suspended solids, were 
inoffensive as regards smell, and withstood incubation. By far the greater part of 
the nitrogen that they contained was in the form of nitrate, and the figures of 
analysis generally were good. | 


It will, however, be observed that these effluents, though good in other respects, 
were not completely oxidized, as is shown by the amount of dissolved oxygen 
they took upin 24 hours (average 0°72 part per 100,000) ; this is a further corrobora- 
tion of the difficulty of thoroughly oxidizing a brewery sewage. : 


As compared with the hourly sets of sewage and septic tank liquor, respectively, 
these tertiary effluents show the following percentage reduction in figures :— 





(b) Septic 
ka) Dewraze Tank Liquor. 
Calculated on the Albuminoid Nitrogen - - - - - <= = 91 per cent.| 82 per cent. 
‘5 » Oxygen absorbed at once - - - - . - - |' 91 5 88 va 
2 , i in4 hours - - . . - - 92 A vor 85 af: 
“ Centrifuge Solids - 5 E ‘ - - - 99 - 96 35 


Tou few estimations of total nitrogen were made in these effluents to allow of a 
definite yeneral deduction, but, speaking roughly, only about one quarter of the 
nitrogen of tne septic tank liquor remains in the tertiary effluent. 
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Bacteriological Results.—The results are shown in the accompanying table. 





In=Indol test. 
N.R. =Neutral red broth 


4s test. B. Enteritidis 
gee eon of the B. Coli test. L.P.M.= Lactose peptone Sporogenes Remarks. 
Sample. 
milk test. test. 


B.S. =Bile-salt glucose 
peptone test. 


SS, ff 


3107 Al. Guildford ter- 1000,000 10,000 not 100,0000 In. 10 not 100 
tiary bed effluent, ( — indol) 100 R 


24/2/03. (— clot) 10,000 not 100,000 B.S 
3107 A2. Guidford ter- — 100,000 N.R. 10 not 100 
tiary bed effluent, ~ 100,000 B.S. 
24/2/03. 
503. Guildford tertiary _~ 100,000 N.R. 1 not 10 
bed effluent, 24/3/03 
540. Guildford tertiary — 10,000 not 100,090 N.R.| 100 not 1,000 
bed effluent, 26/5/03 
611. Guildford tertiary — 100,000 N.R. 1 not 10 
bed effluent, 29/9/03 
33498. Guildford ter- 100,000 100,000 N.R. 10 not 100 
tiary bed effluent, (+indol) 
31/12/03 (+ clot) 
3351. Guildford tertiary 100,000 100,000 N.R. 10 not 100 
bed effluent, 31/12/03 (+-indol) 
(+clot) 
675. Guildford tertiary 100 not 1,000 © 100 not 1,000 N.%. 1 not 10 
bed effluent, 12/4/04 (+-indol) 
(+-clot) 


Considering the effluents from the three sets of beds together, the following notes - 
are of interest :— 


The effluents from the primary, secondary, and tertiary beds yielded, almost without 
exception, positive results with the B. coli, indol, neutral red broth, lactose peptone 
milk, and bile-salt glucose peptone tests with 00,001 c.c. (100,000 per c.c.), and more 
than half the samples positive results with the B. enteritidis sporogenes test with 01 
cc. (100 per c.c.). Guildford sewage is a very strong one, but even allowing for this 
circumstance the effluents were unsatisfactory, bacteriologically. Nevertheless, one 
sample of last runnings ofa tertiary effluent (675) yielded good results, containing less 
than 1,000 B. coli per c.c. and yielding a negative result with the B. enteritidis 


sporogenes test with 6 c.C. 


THE PRECIPITATION, STREAMING FILTER, AND LAND PROCESS. 
PRECIPITATION TANKS. 


Number - - - - 2 (originally 3). 

Size of each - - - - - 1 feet 9 inches by 50 feet. 
Depth - - : - - - 5 feet 8 inches (average). 
Capacity of each - - - = 132,000 gallons. 

Total capacity - - - - 264,000 gallons. 

Construction : - - - Concrete )ottom, with cement 


and brick walls. 


Precipitant.—Alumino-ferric. Amount.—About 8 grains per gallon. Method of 
.\dding.— Blocks of the precipitant are placed in the sewage channel. 


Flow through.—With a flow of 300,000 gallons per day, the flow through the precipi- 
ation tanks would be about once in 10°5 hours, at a rate of ‘95 inch per minute. 


176 


Working.—Only one tank at a time is used at Guildford in the precipitation process. 
It is worked for two days and then sludged. In ordinary weather, each tank is sludged 
three times a week, the tank in use at the end of the week running for three days 
instead of two. 


Sludging.—Most of the sludge remaining in the tank, after the supernatant liquid has 
been removed, is liquid enough to flow to the pump, but the last part has to be pushed 
to the outlet valve with squeegees. It is pumped inits semi-liquid state on to some 
adjoining land and ploughed in, and there is no doubt that the land, which is of a sandy 
nature, has been improved thereby. A considerable smell arises, however, from this 
precipitation sludge, as it dries, before it can be ploughed in. 


Amount of sewage treated.—The total dry weather flow of sewage is 400,000 gallons 
per day. About one quarter of this is treated in the septic tank and by the bacteria 
beds, and the dry weather flow through the precipitation tanks and on to the land is 
therefore about 300,000 gallons per day. On the average, however, considerably more 
than this is treated by the latter process, as the flow through the septic tank is an 
almost constant one, and all the additional flow in times of storm goes through the 
precipitation tanks. 


On the dry weather estimate of 300,000 gallons per day, the 12 acres of land treat 
the liquor from the precipitation tanks and streaming filters at the average rate of 
25,000 gallons per acre per day,—a large volume. 3 


Precipitation Liquor.—Six samples in all were examined chemically, viz., two sets 
of hourly samples, extending over 24 hours each, and four chance ones. 


The two sets of hourly samples, Nos. 751 and 754, were taken according to rate of 
flow of sewage, in November, 1904; about 0:08 inch of rain fell during the first 
night of sampling. They were very similar to one another in composition, and may 
therefore be safely taken as a good average. They gave the figures :— 


Parts per 100,000. Average. 

Ammoniacal Nitrogen - : : - - - - - (T41 and 7:46) 7:34 
Albuminoid Nitrogen = ee cece “fede = - - (1:35 and 1:31) 1:33: 
Total Organic Nitrogen - i z . 4 oe 2 Bu (3:87)* 3:87 
Total Nitrogen ae a a EE (11:13)* iro 
“ Oxygen absorbed” at 27° C. (80°F) at once -... - . -.. ++. (8-25 and 280) | ; 3:03 
“Oxygen absorbed ” 5» in 4 hours - 2 - (21:66 and 18°41) 20:04 
Chlorine* = 9-0 = =. [= * Sig a ee (11:90 and 11:00) 11°45 
Solids in suspension - - : - - - - - (17:00 and 12:20) 14°60 
Solids by Centrifuge (vols.) — - are - . - = (57:0 and 52:0) 55:0 

Ratio of solids in suspension to Centrifuge solids - - (1to34and1: 43) dere 


* The first estimation of Total Nitrogen, and therefore of Total Organic Nitrogen, was unfortunately lost. 


é 


If these figures be compared with those given by the average samples of septic tank 
liquor it will be seen that, while’ the total nitrogen is practically the same in 
both cases, the organic nitrogen and “oxygen absorbed” are much higher in the pre- 
cipitation liquor. We have, however, no comparative data here as regards the question 
whether one of these liquids would be more easy to treat on a biological filter 
than the other. With reference to the rather large quantity of suspended solids left 
in the precipitation liquor, it should be borne in mind that the precipitation tank capa- 
city at Guildford is now less than was originally designed (one of the tanks having 
been converted into a septic tank), and that the flow through the tanks is rapid. 
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As compared with the five hourly sets of sewage samples, the following reduction is 
shown :— 


Calculated on Albuminoid Nitrogen 31 per cent. 


‘Oxygen absorbed ” at once - - - . - 39°, 
aif re in 4 hours - tas SaaS sma Oem: ts 
+ - Suspended Solids. - : - - 75 4, 


The four chance samples of Precipitation Liquor, Nos. 621, 3350, 674 and 3541, 
of which the first three were drawn in dry weather and the last one in wet, naturally 
varied considerably in composition, and were upon the whole only about two-thirds 
as strong at the hourly samples; their suspended solids were evidently very light and 


tlocculent. They gave the figures :— 

Parts per 100,000.| Average. o Bene 
Ammoniacal Nitrogen - - - - : (8°15 and 5:44) (2) 
Albuminoid Nitrogen - (1:01 and 0°81) (2) 
Total Organic Nitrogen - : - - - : - (2°79 and 1°45) (2) 
Total Nitrogen - - z - - - - (6°89 to 10°94) TTT (3) 
“Oxygen absorbed” at 27° C. (80° F.) at once - (1°87 to 3-21) 2°43 (4) 

99 ) s + in 4 hours (9:06 to 17°50) 13:07 (4) 
Chlorine ee - - . : (7°16 to 10°30) 8:47 (3) 
Solids in suspension — - - - - - (4:30 to 11°90) 9:00 (3) 
Solids by Centrifuge (vols.)  - - - (22:0 to 95-0) 54:0 (3) 
Ratio of solids in suspension to Centrifuge solids (1: 10°7 and 1: 8°8) (2) 

Bacteriological Resulis—The results are shown in the following table. They have 


already been considered in connexion with the results of the examination of the 
sewage and septic tank. liquor. 


In. =Indol test. 
N.R. = Neutral red broth 








Hiasdiintici! GE the test. B. Enteritidis 
Re 1 B. coli test. L.P.M.=Lactose peptone Sporogenes Remarks. 
eee milk test. test. 
B.S. =Bile-salt glucose 
peptone test. 
621. Guildford precipi- 100,000 100,000 N.R. 100 not 1,000 
tation liquor, (+ indol) 
8/10/03. (+ clot) 
3350. Guildford precipi- 100,000 100,000 N.R. 10 not 100 
tation liquor, ( - indol) 
31/12/03. (+ clot) 
674. Guildford precipi- 100,000 100,000 N.R. 1,000 not 10,000 
tation liquor, (++ indol) 
12/4/04. (+ clot) 
3541. Guildford precipi- 100,000 100,000 N.R. 1,000 not 10,000 
tation liquor, (+ indol) 100,000 B.S. 
17/8/04. (+ clot) 
7bi. Guildford precipi-| 100,000 ~ 100,000 N.R. 1,000 not 10,000 
tation liquor, ( — indol) 100,000 B.S. 
22/4/04. (+ clot) 
754. Guildford precipi- 100,000 100,000 N.R. 100 not 1,000 
tation liquor, (+ indol) 100,000 B.S. 
23/11/04. (+ clot) 
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STREAMING FILTERS. 


Number - - = E € 


Size of each - - _- _- 61;5 feet by..28°66 feet - 
Depth - - 3 feet. 

Area of each - - - - 1958 square yards. 

Total area - - - - - 1175°0 square yards. 
Cubic content of each — - - - 195° cubic yards. 

Total cubic content - - - 11750 cubic yards. 


Material —5 beds: Coke and gravel (medium size). 1 bed: Sand and polarite, 
with a little clinker (fine material). 


Working.—These filters are used, irregularly, between 6 a.m. and 5 p.m. each 
day, by streaming precipitation liquor through them, with a single trough distribution. 
They rest all night. 


As a rule, it is impossible to get all the precipitation liquor through these filters, and 
a considerable portion of it usually flows over the filter surface direct to the land. The 
precipitation liquor which passes through the filters no doubt has some of its 
suspended matter removed, and, in the early part of each day’s work, is probably 
oxidised ; but, as observations upon those filters did not come within the scope of our 
work at Guildford, we drew no samples. 


LAND. 


Total area.—During our observations, 12 acres. 
Divisions.—12 plots of about 1 acre each. 

Nature of soil and subsoil.Sand and gravel, of which the gravel preponderates. 
Depth of drains.—6 feet. 


Working.—The plots are worked in rotation, each plot being fed with precipitation 
liquor and streaming filter effluent fur as long as it will take water. This, in dry 
weather, is usually about 3 days. The whole flow of precipitation tank liquor and 
streaming filter effluent goes on to the plot in use. 


Cropping.—The plots are not cropped, excepting that rye grass is occasionally grown 
on some of them. 


Amount treated by the land.—The dry weather flow of sewage treated in the 
precipitation tanks and upon the streaming filters and land is about 300,000 gallons 
per day. On this basis, therefore, the amount treated per acre per day is 25,000 
gallons, but, since the whole flow goes on to the plot in use, the very high actual rate 
of 300,000 gallons per acre per day is attained. 


Kfluents from Land.—Only three land effluents were examined chemically, viz., 
Nos. 620, 3542 (a mixed land and tertiary effluent), and 738. The first of these, 
No. 620, was very yellow and turbid from finely-divided oxide of iron, which 
deposited on standing for some time ; but, apart from this, it was an effluent of fair 
quality. It is worthy of note that no oxidized nitrogen (or practically none) was present 
in it, and yet it withstood incubation. 


No. 3542, a mixed land and tertiary effluent, was of poor quality, contained 63 parts 
of suspended solids, and failed to withstand incubation. 


No. 788, drawn after heavy rain, was an effluent of vry high class. 


179 


These two last-mentioned effluents were partially examined, both before and after 
filtration through paper, and the following figures are therefore of interest :— 


(4 No. 3542. - No. 738. 
Parts per 100,000. _ 
Original. Filtered. Original. Filtered. 
“ Oxygen absorbed ” at 27° C. at once - a 1:46 1:19 0:19 Tr 
” %3 A, in 4 hours - 3°73 2°55 0-56 0:54 
Dissolved Oxygen taken up at about 18° C. in 
24 hours - - - - - 1:28 0:32 0:07 0-02 
Incubator test (by smell) - - - - Failed Passed Passed Passed 
Solids in Suspension - - ; = . 6:3 
Solids by Centrifuge (vols.) - - -~ - 52:0 *20 (1) 


* These solids settled badly in the Centrifuge tube. 


In the first of these samples the suspended solids were evidently the main impurity ; 
in the second, the little suspended solid present was innocuous. 


With so few samples, it would be unwise to attempt any general deductions with 
regard to the land effluents. 


- Bacteriological Results—The results are shown in the accompanying table. Excluding 
sample 3542, a mixed land and tertiary effluent, the two land effluents (620 and 738) 
yielded very good results. Both samples yielded a negative result with 1 c.c, with the 
B. enteritidis sporogenes test. Sample 620 yielded a negative result with 1/100 c.c. 
(neutral red broth test) ; sample 788 contained less than 1,000 B. coli per c.c., and the 
neutral red broth and bile-salt glucose peptone tests yielded negative results with 
1/10,000 and 1/1,000 c.c. respectively. On the other hand, sample 8542 yielded 
positive results with ‘00001 ¢.c. (100,000 per c.c.)with the B. coli, neutral red broth and 
bile-salt glucose peptone tests. The B. enteritidis sporogenes test yielded positive 
results with ‘01 c.c. (100 per cc.). The bacteriological results are, therefore, in close 
harmony with the chemical results. 


In=Indol test. 
N.R. =Neutral red broth 





Dod ison opting test. B. Enteritidis 
Gat le B. coli test. L.P.M.=Lactose pep- sporogenes Remarks. 
caus tone milk test. test. 
B.S.=Bile salt glucose 
peptone test. 
620. Guildford land - — Negative 1/100 c.c. N.R.| Negative 1 cc. 


effluent 8/10/03 
738. Guildford land -| 100 not 1,000 1,000 not 10,000 N.R. Negative 1 c.c. 


effluent 17/10/04 (+ indol) 100 not 1,000 B.S. 
(+ clot) 
3542. Guildford mixed - 100,000 100,000 N.R. 100 not 1,000 
land and tertiary ( - indol) 100,000 B.S. 
effluent 17/8/04 ( — clot) 





Effect of Temperature upon the Tanks and Filters. 


Measurements of temperature were taken on the occasion of each visit to the works, 
and also every few hours throughout a whole week in July, 1902. None of the ordinary 
fluctuations in temperature, either of the sewage or the atmosphere, during 1903-4, 
had any marked effect upon the working of the tanks or contact beds, During some 
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frosty weather in December, 1903, however, the surface of the material on the tertiary 
beds became loosened and disturbed, owing to the freezing of the absorbed water 
when the beds were at rest; to effect good distribution, the material must of course 
remain closely bound together. A sample of effluent from No. 1 tertiary bed, 
taken at this time. showed that the bed was not working so well as usual. On this 
occasion, also, the secondary effluent feeding the bed fell from 8° C. to 55° C. in 
passing through the tertiary bed, thus losing 2°5° C. in the process. 


SUMMARY. 


The sewage is very strong, both as regards nitrogenous and other oxidisable 
matter ; it contains much brewery refuse. | 


As regards the comparative preliminary treatment of the Guildford sewage by septic 
tank on the one hand and by precipitation on the other, our observations have led us 


to the following conclusions :— 


With about half the rate of flow of the precipitation liquor, the septic tank liquor 
contained on the average 16 parts per 100,000 of suspended solids,* as against 15 parts 
in the precipitation liquor. On the other hand, the septic tank treatment had the unusual 
effect of reducing the organic nitrogen and also the oxidisable matter, as measured by 
the “ oxygen absorbed in 4 hours,” to a much greater extent than the precipitation 
process. We should expect, therefore, although comparative experiments are wanting, — 
that the septic tank liquor at Guildford would be more easy to purify than the 
imperfectly clarified precipitation liquor produced there. 


We have made no quantitative observations as to the amount of digestion which 
goes on in the Guildford septic tank. 


The working of the septic tank undoubtedly caused a certain amount of nuisance, 
for which the brewery refuse must have been to some extent responsible, and also the - 
stagnation of the liquor in the tank at night; while its emptying was productive of 
great nuisance on two occasions out of three. On the third occasion the method of 
emptying the tank was altered, with the result that the nuisance was greatly lessened. 


The volume of septic tank liquor treated per cube yard of primary bed, per day, was 54 
gallons. By this treatment the organic matter of the tank liquor was reduced by about 
one half, but this purification was accompanied by a very rapid and pronounced 
loss of capacity in the beds themselves. A considerable part of this loss in the beds 
of burnt ballast was caused by the breaking down of the bed material ; the diminution 
in capacity was less marked in the case of the clinker beds, though in these it was 
serious also. The loss of capacity was no doubt due in very large degree to the 
quantity and quality of the suspended solids present in the septic tank liquor; but we 
should like to say—as an expression of opinion—that we think the shallowness of the 
primary beds had also something to do with it, these beds being only 2 feet 6 inches 
deep. When a bed clogs, it does so mainly from the top downwards, and the top 
portion necessarily bears a larger ratio to the total cubic content in a shallow bed than 
in a deep one. 


The volume of primary effluent treated on the secondary beds was 39 gallons per 
cube yard per day, the reduction in the carbonaceous organic matter of the septic tank 
liquor by the primary and secondary beds together being about 80 per cent.t This 
purification, however, was not sufficient to produce a uniformly non-putrescible effluent. 


We were unable to estimate the loss of capacity in the secondary beds, but we are 
satisfied that it was not serious. 


Sn Me 


re ae figure (16) applies to the particular time when the hourly samples of septic tank liquor were drawn 
5 tank then having run for a period of nineteen months. It should, however, be borne in mind that, in 
order to get a true average of the suspended solids in a septic tank liquor, samples ought to be taken over a 
long ees of time. 
7 This figure is from the comparison of the “Oxygen absorbed” figures given b 
. g y the hourly samples of 
septic tank liquor and the chance samples of desoradaey effluent. it 4 
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The automatic gear used for filling both the primary and the secondary beds at 
Guildford has certain disadvantages. It works satisfactorily for a considerable time, 
but is apt eventually to get out of order, in which case the particular bed is thrown 
out of cycle. Again, in emptying, after a bed has been sufficiently emptied for the 
action of the syphon to be “broken,” the drainings from the upper portion of 
the bed gradually accumulate at the bottom—in other words, the bed is not thoroughly 
run off. . 


We have estimated roughly the volume of secondary effluent treated on the three 
tertiary (percolating) beds to be about 145 gallons per cube yard per day. No.1 bed 
is of extremely fine material throughout, being composed of the small riddlings and 
dust from the burnt ballast used in some of the secondary beds. ‘The liquid is distri- 
buted on it by means of perforated pipes laid on the surface of the bed, which work 
under pressure, so as to produce a spray, and this distribution is fairly good. Nos. 2 
and 3 are of medium-sized clinker throughout, excepting that No. 3 has a layer of sand 
on the top, two inches deep; the distribution on these two beds is by means 
of wooden troughs and is not good. Bed No. 1 ponds up considerably with liquid 
after it has been used for some time; No. 2 does not pond up; but No. 3 does so to 
some extent, though in a lesser degree than No. 1. 


The varying rate at which liquid flows on to these beds at different stages of the 
emptying of the secondary beds makes their working irregular. To draw a comparison 
between them is therefore difficult, but, speaking generally, Bed No. 1 gave the best 
results. 


The tertiary effluents were on the whole of good quality, chemically, though not quite 
so good as we should have expected at first sight. Bacteriologically they were unsatis- 
factory, with the exception of No. 675 (a sample of last runnings from No. 1 Bed). 
The faulty distribution of secondary effluent and the irregular working of the tertiary 
beds were no doubt to a large extent the reasons why the tertiary eftluent did not reach 
a uniformly higher standard of purity. 


Apart from the nuisance formerly caused by the septic tank, which has now been 
materially lessened, there is always considerable smell from the screening of the 
sewage as it enters the works. 


We are indebted to Mr. C. G. Mason, the Borough Surveyor, and to Mr. C. Girling, 
the Manager of the sewage works, for much help in connection with our work at 
Guildford. 
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HALTON SEWAGE WORKS. 


(Hunstet Rurat District Counciz). 


of Leeds. 


. Method of Treatment - ae : : 


. Population draining to works Ooi observa- 


tions - eee - - 


. Water supp in gelions Pee head and whence 


obtained - : : a 


. Number of W.C.’s connected - : 2 : 
. Sewerage system - - . : “ a 


. Average dry weather flow of Ao ati in gallons per 


94 hours - : 2 : 7 J 


. Gallons of sewage per head per day : : 
. Character of the sewage - - : : , 
10. 
11. 


Period of observations - : : ‘ 3 


Age oibeds~ - - : : : : 
Amount of storm water treated on filters - . 


Total capacity of tanks in gallons” - - 
Total area oi filters in yards super - - 
Total cubic content of filters in yards cube - 


Nature of filtering medium - : * 


Gallons of settled sewage treated per yard gs 
per 24 hours (all filters included) - ~~ - 


Gallons of settled sewage Cpa per yard cube 
per 24 hours - - ne \ aberth tea 


The final effluent is discharged into 


about half a mile from Halton and 4 miles from the centre 


Continuous flow settlemen’‘, 
double contact filtration 
through rather rough 
material, and land _ treat- 
ment. 


About 2,000. 


11 gallons; from the Leeds 
water supply—a soft ‘moor- 
land water. 


117 (June, 1902). 
Combined. 


35,000 

175 
Mainly a slop water sewage. 
May, 1902 to August, 1903. 


Primary beds, 3 years; 
Secondary beds, 1 year. 


About twice the de ve -weather 
flow. ae 


22,000 
533 
644 


ee 


Primary beds—stone, coke, 
clinker, and pea gravel. 
Secondary beds—coke. 


128 


106 


The Whitebeck a tributary of 

the River Aire, adjoining it 
about 14 miles below Knos- 
trop. 
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Dry pay. 
BAINFALL NIL. 


Dry Day. 


AAINFALL NIL. 


Dry Day. 
PAINFALL W/L, 


(DRY FOR SOME DAYS 
BUT WET PREVIOUSLY) 


SHOWERS ON DRY 


GROUND. 


THUNDER SHOWERS 
ON DRY GROUND. 
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Diagram K. 


DIAGRAMS SHOWING FLOW OF SEWAGE AT HALTON 
AS FALLING OVER A WEIR |2 WIDE. 


Note:- Over a Weir 12" wide 0-75 inch = arate of groan gallons per 24 hours. 
1-0 » = ” » » : 0 » ” ” ” 
'5 inches = » » ” £«-76,464  » See oa 
208 a =» » » 118,080 » As Sse ais 
30 » =» » » 216000 » oO ee 
375 =» » » 302400 » » 
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TOTAL FLOW FOR THE DAY = 66.450 GALLONS 
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FLOW OF SEWAGE. 


Our gauging records show that a considerable quantity of subsoil water gets into the 
sewers (probably for the most part into the Halton Sewer) when the drainage area is 
wet, and that it has the effect of making the sewage flow a very uniform one during the 


wet months of the year In summer the variations in the flow of sewage are much 
more marked. 


It is impossible to be precise in any statement as to the amount of storm water treated 
upon the filters, for it varies very much, according to the season of the year. In summer, 
when the periods of storm flow are short, the great bulk of storm water passes through 
the beds; while in winter we estimate that an amount equal to about 3 dilutions of the 
normal 24 hours dry weather flow is filtered through them, and that any excess over 
this goes to the land without passing through the tanks or beds. 


We have measured a flow of sewage reaching 10 dilutions of the dry weather flow for a 
short time, all of which was treated upon the beds, but it is to be specially noted that the 
total flow for the 24 hours when this took place was not more than twice the dry weather 
flow. 


From May 29th, 1902, to March 4th, 1903, in an exceptionally wet year, the combined 
filters treated an average of nearly twice the dry weather flow of 35,000 gallons every day, 
and from March 4th, to July 9th, 1903, during which period the weather was even 
wetter, an average of nearly three times the dry weather flow was filtered daily. 


We measured the flow by means of a Glenfield Kennedy automatic recorder, 
registering the height of water falling over an accurately constructed brass weir at 
four different times during 15 months :— 


1. The first period of measurement was from May 22nd to 29th, 1902, inclusive. 
A typical dry weather flow was about 38,000 gallons per 24 hours. 
The greatest day’s flow (wet day) was 97,000 gallons per 24 hours. 
The lowest day’s flow (dry day) was 37,780 gallons per 24 hours. 


2. On March 3rd, 1903, a wet day, the recorder gave 74,700 gallons as the flow in 
24 hours. 


3. The third measurement was made on May 19th, 1903, also in wet weather, when 
the flow was 66,469 gallons per 24 hours. 


4. In July, 1903, the flow was measured over seven days (7th-18th, inclusive). 


A typical dry day’s flow was about 34,000 gallons per 24 hours. 
The greatest day’s flow was about 66,400 gallons per 24 hours. 
The lowest day’s flow was about 34,000 gallons per 24 hours. 


From these and other figures we have arrived at the following estimates, which we 
consider fairly representative :— 


Year 1902-3. Gallons per 24 hours. 
Dry weather flow to works - : 2 : s -. 85,000 
Wet weather flow to works ww 4 4 s : : - 100,000 
Highest rate of lowindry weather - 3 = : 4 : 50,400 
Highest rate of flowin wet weather - = : “ : - 800,000 
Lowest rate of flowindry weather - : . : £ 24,000 


On Diagram K are given some illustrations of the sewage flow at Halton. 


~.Crude Sewage.—The following samples were examined chemically :— 


Three sets of hourly samples, Nos. 3182, 3184 and 3190 (these may be looked upon 
asidry weather samples); one sample of weak night sewage, No. 3186; and two 
ordinary chance samples, Nos. 3092 and 3110. 
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The hourly samples drawn over three days (not consecutive) —Tues.—Wed., Wed.— 
Thurs., and Mon.—‘ues. in July 1903, gave the following figures :— 











Weak Night 
Sewage, No, 
Number of |3186, drawn 


Parts per 100,000. | Average. Estimations| July 9th, 














1903, 

. 5 am. 

Ammoniacal Nitrogen - - - : @ - (433 to 5:10) 4°74 (3) 069 

Albuminoid Nitrogen - - : ; 5 - (0°76 to 1°00) 0-90 (3) 0-15 

Total Organic Nitrogen- - : . : - (120 and 0°89) — (2) 0:38 

Total Nitrogen 2 : : - - - (553 to 5°87) 5°69 (3) 1:07 

“Oxygen absorbed ” at 27° C. (80° F.) at once - (240 to 2°74) 25d (3) 031 

a 2 in 4hours-- (914 to 15°82) 11°83 (3) 1:41 

Chlorine - - - . . : - - (738 to 896) 8:05 (3) 3°56 

Solids in Suspension - - - : . - (144 to 22:5) 17°70 (3) 1:80 
Solids by Centrifuge (volumes) - - - - (950 to 126-0) 113°'3 (3) 19-0 


Ratio of Solids in Suspension to Centrifuge Solids - { 1 oe or ie 1:64 (3) =a 











It will be seen from the above figures that the sewage is of about m2dium strength, 
but with a small proportion of suspended solids. The samples for the two first days, 
Nos. 3182 and 3184, had almost the same composition; the sample for the third 
day, No. 3190, drawn during showery weather, but with the ground dry, was somewhat 
stronger, no doubt because of the sewers being washed out to some extent. : 


Of the two chance samples, No. 3092, drawn Monday, January 19th, 1903, at 4 p.m. 
after dry weather, was much stronger, and No. 3110, drawn Wednesday, March 4th 1903, 
at 10.45 a.m., after rain, was weaker, than the hourly samples. 


No. 3186, the sample of weak night sewage, was very dilute. 


Chemically speaking, there was nothing abnormal about the sewage, excepting that it 
was evidently of a soapy character. . 


Bacteriological Notes.—See under Settled Sewage in a later part of the Report. 


SETTLING TANKS. 


There are two settling tanks, each 25 feet by 12 feet, and having a water depth of 
6 feet. They were constructed in 1896 of cement concrete and brickwork. 


The working capacity of each tank is 11,250 gallons and the total tank capacity 
therefore 22,500 gallons. 


The tanks are used in series. 


Flow through.’’—In dry weather, with a sewage flow of 35,000 gallons per 24 hours, 
the flow through wouid be once in 153 hours, at a rate of 0°66 inch per minute. In wet 
weather, with a sewage flow of 300,000 gallons per 24 hours, the flow through would 
be once in 1°8 hours. 


Cleaning.—During our observations each tank has been cleaned out every seven weeks. 
The cleaning was done as follows:—Directly the accumulated sludge at the bottom 
of a tank began to ferment at all strongly, the whole of the sewage was passed through 
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the second tank, and when the supernatant liquid in the first tank had been 
drained off to the land, the sludge was allowed to flow (mixed with some sewage, if 
necessary), through the sludge valve into one of two small sludge lagoons at the side 
of the tanks. The lagoons have clinker bottoms and are under-drained. The operation 
took about four hours and there was a certain degree of smell during this time, but 
once in the lagoon there appeared to be little or no smell from the sludge. 


At a rough estimate, 75 cubic yards of fairly thick sludge were dealt with in this way 
every seven weeks (or about 600 cubic yards a year), throughout the period of our 
observations. 


There is no permanent accumulation of sludge upon the works, as itis readily taken 
by farmers when it becomes dry enough. 


Settled Sewage.—The following samples were examined chemically :— 


Three sets of hourly (dry weather) samples, Nos. 3183, 3185 and 3191, drawn at the 
same times and under the same conditions as the hourly sets of crude sewage; one 
ordinary chance sample, No. 81124, drawn in March, 1903, after wet weather ; and one 
experimental chance sample, No. 30914, drawn in January, 1903, during a thaw, with 
melting snow. 


The hourly samples gave the following figures :— 











Parts per 100,000. | Average. a ate ai 

Ammoniacal Nitrogen - ~— - Fh 1h ee tg a ee an (4-61 to 4°84) 4°72 (3) 
Albuminoid Nitrogen - - - -~ - ee - (0°59 to 0°83) 0-69 (3) 
Total Organic Nitrogen i, SS SS a ae (0°88 to 1:27) sah (3) 
‘Total Nitrogen ee ee NT yh oe. LY (B49 to 6°11) 5°84 (3) 
**Oxygen absorbed ” at 27° C. (80° F') at once + - - (2:04 to 2°61) 2°31 (3) 

r e in 4 hours- : - (7°49 to 8°79) 8:33 (3) 
Chlorine er Ee ees tem (7:40 to'10-00) 8:44 (3) 
Solids in Suspension - - - - - - - (5°6 to 16°9) 10-7 WRG). 
Solids by Centrifuge (volumes) - - - - - - (44:0 to 76:0) 57:0 (3) 
Ratio of Solids in Suspension to Centrifuge Solids a { mart ae 1-59 (3) 


These hourly samples of settled sewage were of very equal composition, excepting that 
No. 3183 contained an undue proportion of suspended solids, owing to the tank not 
having been cleaned out forsome time. The settlement, on the whole, was not very good, 
for the suspended solids were only reduced from 17:7 parts to 10°7 parts (a reduction of 
40 per cent); the reduction in the figures for “oxygen absorbed” in 4 hours was 30 


per cent. 


. The chance sample, No. 31124, drawn at 1 p.m. was very weak, with 7-7 parts of 
suspended solids. The other chance sample, No. 30914, which was a mixture of 
settled sewage and primary effluent, was likewise weak, with about 4 parts of suspended 
solids.* . : 


Bacteriological Notes.—As only a few samples were examined, and as the results of the 
examination of the crude sewage and settled sewage were fairly similar, it is desirable 
to give all the results in one table :— 





shy The actual figure for suspended solids was 3°84 parts per 100,000, but this filtrate deposited an 
additional quantity of 0°92 part after standing for seven days. . 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF SAMPLES OF CRUDE SEWAGE AND OF SETTLED 


SEWAGE OBTAINED FROM HALTON. 








B.S.—Bile-salt glucose 
peptone test. 
: N.R.—Neutral red 
B. coli (or gas- broth test. 
forming coli- In.—Indol test. 
like microbes.) | p x7 Tactose pep- | 
tone milk test. 


Number of 
B. enteritidis 


Description of the 
sporogenes test. 


sample. 


Remarks, 











3092 Crude sewage. - = 100,000 N.R. 100 to 1,000 
19/1/03 3092. Total No. of 
microbes,68 million 
3110 Crude sewage- - 100,000 100,000 N.R. 100 not 1,000 (gelatine at 20°C) ; 
4/3/03 (— indol) 100,000 B.S. 54 = million {(egar 
( + clot) 100,000 In. at 37°C), “Gas” 
test + ‘Olecc. (24 
3186 Crude sewage- 2 —- 10,000 not 10 not 100 hours); + ‘0001 
9/7/03 100,000 N.R. c.c. (48 hours); + 
00001 cc. (72 
3190 Crude sewage- — - — 100,000 N.R. 10 uot 100 hours), 
14/7/03 
31124 Settled sewage - 100,000 100,000 N.R. 100 not 1,000 
4/3/03 (— indol) 100,000 B.S. 
: (+ clot) 100,000 In. 
3183 Settled sewage -- — 100,000 N.R. 10 not 100 
8/7/03 
3191 Settled sewage - —; 100,000 N.R. 100 not 1,000 
14/7/03 | ; 








Although the sewage was at the time mainly a slop water sewage, the bacteriological 
results are very similar to those obtained in the case of water closet sewage. 


On the assumption that the neutral red broth, bile salt glucose peptone, lactose peptone 
milk and indol tests yield somewhat parallel results to the B. coli test, in connection with 
the bacterloscopic analysis of sewage,it- may be said that the raw sewage and settled sewage 
usually contained at least 100,000 B. coli or coli-like microbes per c.c. The B. enteritidis 
sporogenes test gave a positive result either with th or ;i 5th of a cubic centimetre. « — 


PRIMARY CONTACT. BEDS. 


Number of beds - .- 4, aa 
Size of each (roughly) - 28 feet by 16 feet by 4 feet3 inches deep. 1 
Area(total) - -  - 199 square yards. 

Cubic content (total) - 282 cubic yards. 


Construction.—Eixcavation in clay formation. Banks formed of material éxcavated. 
Clay bottom laid with 4-inch drain pipes in herring-bone formation, falling to one outlet 
valve in the corner of each bed. 


' 


Distribution.—One wooden trough extending down the centre for the whole length 
of the bed. 


_Materval.—Coke, clinker and stone, graded as follows :—Top—9 inches coke under 1” 
diameter ; Middle—2 feet 9 inches clinker, 1” to 2” diameter; Bottom—9 inches stone, 
14’ to 2” diameter, ' 
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Age.—The beds were three years old when the observations began. 


Working.—From 6 a.m. to 10 p.m. the beds were filled in simple rotation, but from 
10 p.m. to 6 a.m. the settled sewage was allowed to flow into one bed, and if that filled, 
to pass over its surface, into another bed, andsoon. On a wet night all the beds would 
necome full, and would consequently have to be filled again the next morning without 
having had a proper rest, but as a rule only two beds were filled in the night. 


 -Capacity—The original total empty tank capacity of the four primary beds was roughly 
47,600 gallons. Assuming that the material when first put in would occupy half the 
tank space, the original water capacity would be approximately 23,800 gallons. 


At our first measurement, on May 28th, 1902, at the start of our work, the beds being 
then 3 years old, the total capacity of the four beds was 11,945 gallons or 25 per cent. of 
the original empty tank capacity, by this time, therefore, the beds had lost about 
50 per cent. of their assumed water capacity. | 


After having dealt with 11,466,256 gallons (4,678 fillings in 276 days, equivalent to 
4°3 fillings per 24 hours), the capacity on March 4th, 1903, was found to be 7,689 gallons, 
or 16 per cent. of the original empty tank capacity, the beds being in a very clogged and 
sodden condition and incapable of doing regular work. 


On continuing from March 4th to May 20th, 1903, and giving all the primary beds a 
complete rest for four weeks in May, the capacity rose to 9,335 gallons, or 19-6 per cent. 
of the original empty tank capacity. The rate of treatment during this time was 
equivalent to 3°4 fillings per 24 hours. 


But the greater part of the capacity thus regained was rapidly lost in a short period of 
further treatment, from May 20th to July 9th, 1903, when 1,721,714 gallons of settled 
sewage (781 fillings in 50 days, equivalent to 3°9 fillings per 24 hours) were treated. The 
capacity on July 9th was 8,300 gallons, or 17-2 per cent. of the original empty tank 
capacity, the beds being by this time very clogged and sodden again. 


Primary effluents. —Of these, three ordinary chance samples, Nos. 3037, 31114 and 3161La, 
and one experimental sample, No. 3160, were examined partially. The three ordinary 
samples varied appreciably in composition, e.g., the 4 hours’ “oxygen absorbed”’ figures 
were 3°64, 1:85 and 2°66. No one of them contained any oxidised nitrogen to speak of, 
and none of them withstood incubation. The centrifuge figures—40, 26 and 37_a mean 
of 34—would represent something like three parts of suspended solids per 100,000. 


These primary beds have, therefore, effected a great purification, though of course an 
insufficient one, regarded from the point of view of a well oxidized final effluent. Thus, 
taking the four hours’ “oxygen absorbed” figures, we have: settled sewage (3 sets 
of hourly samples), 8°33; primary effluents (3 chance samples) 2°72. This is, however, 
not a true comparison, as the samples were not corresponding ones, and the conditions of 
weather, etc,, were different, 


Sample No. 3160 is instructive. It represents a flush-out from a three-quarters’ empty 
primary bed, which had been resting for four weeks. This flush brought out an enormous 
quantity of suspended solids—409 parts per 100,000, of which 193 parts were volatile on 
ignition. eo : . | 


~ Bacterrological Notes.—For results see under Secondary contact bed effluents. 


”  6225.—App. III. ae es | i ae oh oF 
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SECONDARY CONTACT BEDS. saint oan a ee 
Number of beds - . 3 . 5, dps 


- x 28 feet by 21 feet 6 inches by " 


Size of each bed - + 
3 feet 3 inches deep. | 


334 square yards. 
365 cubic yards. 


" Area (total) - . : : : 
r Cubic content (total) - - : 


Construction.—Three sides brick-walled, the fourth beimg formed in the clay. The 
floor of each bed is of concrete, overlaid with 4-inch agricultural drain pipes, jointed 
and in herring-bone formation and falling to a valve at the end of each bed. | 


Distribution.—One wooden trough extending down the centre for the whole length of 
the bed. ) 3 


Material.—Coke graded as follows :—Top—2 feet 3 inches coke breeze, 1 inch to 3 inch 
diameter ; bottom—l foot coke breeze, 1inch to 2inches diameter. _ . 


Age.—The beds were first used in August, 1901, and were 9 months old when we com- 
menced our work at Halton. ee 


Working.—No particular method of working these secondary beds was followed. They 
were filled (mostly in the day hours) whenever there was any primary effluent to run off, 
and when there was an increased flow of sewage which the primary beds were unable to 
cope with, they were filled with settled sewage. 


This treatment of settled sewage on the secondary beds happened often. Thus we 
observed that from May 29th, 1902, to March 4th, 1903, the secondary beds received about 
7,500,000 gallons of settled sewage, which means that for every 2 volumes of primary 
effluent the secondary beds treated 1 volume of settled sewage. os 


It will be seen that this method of working the secondary beds had an adverse 
effect upon their water capacity and also upon the final effluent. It is certain, also, 
that the long contact (4 hours) found necessary to obtain clear effluents from such 
coarse secondary beds, combined with the frequent fillings given to them, was 
a contributory cause to their ultimate loss of capacity. f 


Capacity.—The original total empty tank capacity of all the secondary beds was 
61,140 gallons. After the beds were filled with material, their capacity would be reduced 


to about 50 per cent., 2.e., to 30,570 gallons approximately. | 


At our first measurement, on May 29th, 1902, of bed No. 5, taken as typical of the 
rest, the capacity was 20,575 gallons, or 33 per cent. of the original empty tank 
capacity. At this time the secondary beds were 9 months old and had been treating 
chiefly primary bed effluent. 


On March 4th, 1903, after all the 5 secondary beds had treated about 18,988,000 gallons 
(4,470 fillings in 277 days, equivalent to 3:2 fillings per 24 hours) of primary bed effluent 
and settled sewage, the capacity was found to be 21,900 gallons, or 35 per cent. of the original 
empty tank capacity. As regards this measurement, however, we know that it was too high 
owing to a leak in the bed; still, there was no doubt that at this time the beds had not lost 
capacity to any appreciable extent. 


On July 9th, 1903, however, at the end of a second and very heavy period of treatment, 
during which about 12,390,000 gallons (3,231 fillings in 127 days, equivalent to 5-08 fillings 
per 24 hours) of mostly settled sewage were dealt with, the capacity had fallen to 16,450 
gallons or 26 ‘9 per cent. of the original empty tank capacity. 


Amount treated upon the Filters.—On a dry weather flow of 35,000 gallons per 24 
hours. the amount treated per cube yard per 24 hours would be 54 gallons. 
The year during which we made our observations, however, was an exceptionally 
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wet one, and on the observed total of 68,550 gallons of settled sewage treated per day. 
between May 29th, 1902 and March 4th, 1903, we find that the actual amount treated 
per cube yard per 24 hours was 106 gallons. Probably, in an ordinary year, about 80- 
gallons per cube yard per 24 hours would be about the amount treated. 


Secondary Effluents.—Five ordinary samples, drawn in November, 1902, and in March, 
June and July, 1903 (in addition to four experimental ones) were examined.chemically, 
viz., No. 3038, 3111B, 3161B, 3187 and 3189), with the following results : 








Parts per 100,000 Average. in ace ; 

Ammoniacal Nitrogen - : ¢ . “ 2 - (077 and 230) ty (2) 
Cee - CCC SC Cs SCG and 0-99) : (2) 
Oxidized Nitrogen (approximate figures) —- - - (073 to 1:23) 0:88 (5) 
“Oxygen absorbed” at 27° C. (80° F.) at once - - (043 to 1:09) 0:77 (5) 

ms ee hs 2 » 10 4 hours - ~W(LLT toe, 3:72) 2-67 (5) 
Solids by centrifuge (vols.) - - -  - i (12:00 ton, 51-0) 34-0 (5) 
Incubatortest (by smell) - - - + - + =—=145;1();3- 5B (5) 
Smell of sample when drawn ah en ee -44;1(% oa (5) 
Smell of sample when analysed - - - - - 5 + oe (5) 





It will be noted that all the above samples had a clean smell when analysed, but that 
three out of the five failed to withstand the incubator test, although there was in all of 
them a fair quantity ofnitrate. The suspended solids, as judged by the centrifuge figures, 
were, however, rather too large, excepting in Nos. 3038 and 3111B. No. 3189, which was 
an average sample of the first emptying for the day, and which was drawn in 17 fractions, 
evidently suffered from the admixture of the last two of these fractions, which con- 


tained much matter in suspension. 
These effluents therefore require a somewhat greater purification, including the settle- 
ment of suspended solids, to bring them within a reasonable standard of purity. 
Bacteriological Notes.—As the total number of samples examined was not very 
numerous and as the secondary effluents were not much, if at all, better bacteriologically 
than the primary contact bed effluents, all the results as regards effluents are grouped 
together in one table :— 


- RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF SAMPLES OF PRIMARY AND SECONDARY CONTACT 
Brep EFFLUENTS OBTAINED FROM HALTON. 





B.S.=Bile-salt glucose 
: peptone test. ee 
sult, Number of B. | jR.—Neutral red brcth| B. Enteritidis 
Description of the | coli (or gas form- fae spcrogenes Recsarta 
Sample. ing coli-like In.—Indol test. feat. 
. microbes.) L.P.M.=Lactose _ pep- 
tone milk test. 








A. Primary contact bed | 1,000 not 10,000 | 1,000 not 10,000 N.R. 1 not 10 A. “Gas” test + ‘Lee. 
effluent, 23/5/02. (+ indol) 1,000 not 10,000 B.S. (24 hours.) 
(+ clot) 1,000 not 10,000 In. 
10,000 not 100,000 L.P. M. 
B. Primary contact bed |10,000 not 100,000 100,000 N.R. 100 not 1,000 |B.‘‘Gas” test + ‘O01 cc. 
effluent, 26/5/02. (+ indol) 10,000 not 100,000 B.S. (24 hours.) 
(— clot) 3000 not 10,000 In. 
10,000 not 100,000 L.P.M, 
C. Primary contact bed | 10,000 not 100,000 100,000 N.R. 100 not 1,000 (C. “Gas” test + -O1 cc: 
effluent, 28/5/02. (— indol) 10,000 not 100,000 B.S. (21 hours.) 
(+ clot) 1,000 not 10,000 In. sag 
10,000 not 100,000 L.P.M. 
3037. Primary contact —_ 100,000 L.P.M. 100 not 1,000 | 3037. 2,450,000 mie- 
bed effluent, 3/11/02. | robes. 


(agar at 37° C.) 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF SAMPLES OF PRIMARY AND SECONDARY ConTacT 
Bep EFFLUENTS OBTAINED FROM HALTON—cont. 


Number of B. 
coli (or gas form- 


Description of the 
ing coli-like 








Sample. 
microbes. 
3111A.Primary contact] 100,000 
bed effluent, 4/3/03. (+ indol) 
(+ clot) 
3091A. (Experimental — 
sample mixed tank 
liquor and primary 
bed effluent,19/1/03). 
(a) Secondary contact | 1,000 not 10,000 
bed effluent, 23/5/02 (+ indol) 
(+ clot) 
(b) Secondary contact 100,000 
bed effluent, 26/5/02 (— indol) 
(— clot) 
(c) Secondary contact 100,000 
bed effluent, 27/5/02 (+ indol) 
(+ clot) 
d) Secondary contact 100,000 
bed effluent, 28/5/02 (— indol) 
. (— clot) 
3038. Secondary con- 3 
tact bed effluent, 
3/11/02. 
3091B. Secondary con- = 
x, tact bed effluent, 
19/1/03. 
3111B. Secondary con- | 10,000 not 100,000! 
tact bed. effluent, (+ indol) 
4/3/03. (+ clot) 
3112B. Secondary con- | 1,000 not 10,000 
tact bed effluent, (+ indol) 
4/3/03. (+ clot) 
3187. Secondary con- — 
tact bed effluent, 
13/7/03. 
3188. Secondary con- — 
tact bed effluent, 
13/7/02. 


189. Secondary con- 
tact bed effluent, 
13/7/03. 








B.S.=Bile salt glucose 
peptone test. 
N.R.=Neutral red broth 
test. 
In.=Indol test. 
L.P.M.=Lactese 
tone milk test. 


PeP= 


1,000 not 10,000 N.R. 


10,000 not 100,000 N.R. 


1,000 not 10,000 N-R. 
10,000 not 100,000 B.S. 
10,000 not 100,000 In. 


10,000 not 100,000 L.P.M. 


10,000 not 100,000 N.R. 
100,000 B.S, 
1,000 not 10,000 In. - 
100,000 L.P.M. 


10,000 not 100,000 N.R. 
10,C00 not 100,000 B.S. 
10,000 not 100,000 In. 


10,000 not 100,000 L.P.M. 


100,000 N.R. 
100,000 B.S. 
10,000 not 100,000 In. 
100,000 L.P.M 


100,000 L.P.M.: 


100,000 N.R. 


100,000 N.R. 
10,000 not 100,000 B.S. 
10,000 not 100,000 In. 
1,000 not 10,000 N.R. 
10,000 not 100,000 B.S. 
1,000 not 10,000 In. 


100,000 N.R. 


100,000 N.R. 


100,000 N.R. 


10 not 100 





B. Enteritidis 
sporogenes 


Remarks, 
test. 





- 18091A. Total number of 
microbes : 


1,700,000 (gelatine at 
20° C. 

400,000 (agar at 37° 
C. 


“Gas” test + ‘1 cc. 
( 24 hours.) 

“Gas” test + ‘001 
c.c. (48 hours.) 

“Gas ” test + ‘0001 
c.c. (72 hours.) 


10 not 100 


(a) “Gas” test +*1c.c. 
(24 hours.) 


I not 10 


(b) “Gas” test + °01 


10 not 100 
. c.c. (24 hours.) 


100 not 1,000 | (c) “Gas” test + -01 


c.c. (24 hours.) 


10 not 100 =| “Gas” test + “01 cc. 
(24 hours.) 
100 not 1,000 Total number of mi- 
crobes :— 
870,000 (agar at 37°C.) 
10 not 100 3091B. Total number 
of microbes :— 
110,000 (agar at 37°C). 
370.000 (gelatine at 
20°C.) 
“Gas” test + ‘Lec. 
(24 hours). 
“Gas” test + ‘O01 cc. 
(48 hours.) 
“Gas” test + ‘001 c.c. 
(72 hours.) 
10 not 100 
1 not 10 
100 not 1,000 
10 not 100 
10 not 100 
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It will be noted that the secondary effluents were not much, if at all, better bacterio- 
logically than the primary effluents. This result is doubtless to be ascribed to the fact 
that settled sewage was not uncommonly treated on the secondary beds, and thatthe 
material filling the beds was relatively coarse. 


Taking, therefore, the primary and secondary effluents (both ordinary and experi- 
mental) together, it may be noted that the number of B.coli or coli-like microbes ranged 
from 1,000 to 100,000 per c.c. Considering the neutral red broth, indol, bile-salt glucose 
peptone and lactose peptone milk tests together, these tests yielded positive results with 
from zo'00 tO too00 Of a cubic centimetre. With the exception of the three samples, 
A, (a), and 3112B (+1c.c.; —:1c.c.), all the effluents yielded positive results with from 
zo tO toon OF a cubic centimetre with the B. enteritidis sporogenes test. 


The secondary effluents were unsatisfactory from the bacteriological point of view. 


Experimental Secondary Effiuents.—In addition to the ordinary secondary effluents, 
four experimental ones were drawn (or five, if we include No. 3038). 


Of these, No. 3091B, an effluent resulting from the treatment on the secondary 
bed of a mixture of streaming primary effluent and settled sewage, was of fair quality 
and withstood incubation ; it contained practically no suspended solids (about 1 part: 


per 100,000). 


No. 31128, representing a final effluent of 2 hours’ single contact in a secondary 
bed, after the bed had had a rest of 24 hours, was of poor quality, though it 
probably withstood incubation (solids about 2 parts). Compared with the settled 
sewage run into the bed on this occasion, the effluent showed only a moderate. 
purification. 


No. 3188 was the first flush of the emptying represented by the ordinary sample,. 
No. 3187. It did not differ in any material respect from 3187 and was a poor sample, 
failing to withstand incubation. 


Nos. 3038 and 3227 were drawn in order to test the effect of 4 hours’ contact on 
the secondary beds. No. 3038 was of indifferent quality.and failed upon incubation, 
though it contained little suspended solid ; and the same applies to No. 3227, except- 
ing that there were rather more suspended solids in it. The longer contact had 
evidently been of no benefit to the effluent, but rather the reverse, from the reducing 
action of the accumulated organic matter in the filter bed. This system of 4 hours’ 
contact had been going on before the drawing of No. 3227 for a fortnight, at least, 
with probably four fillings a day during that time. 


One feature running through all the secondary effluents excepting No. 3227 (which 
contained no oxidized nitrogen) was that the amount of oxidized nitrogen was pretty 
constant in all of them, amounting to nearly 1 part per 100,000, approximately, and 
constituting about one-third of the total nitrogen present. 


Effect of Temperature on the Process.—On one occasion, when some snow was melting 
on the roads, we found the final effluent with a temperature as low as 5'5° C., the sewage 
temperature being also low. As a general rule the temperature of the final effluent 
followed that of the sewage. Our observations on this point showed that the process 
did not suffer any derangement from temperature variations in the atmosphere or the 
sewage. 


Temperature measurements of the atmosphere, sewage, settled sewage and effluents 
were taken at each of our visits to the works and also every few hours over a period of 


(1) 48 hours, and (2) 24 hours in July, 1903. 


Length of Contact in the beds.—Owing to the pressure of work put upon the primary 
beds, the length of contact in these varied greatly. Sometimes at night the sewage 
liquor was held up for as long as 8 or 10 hours, while in the day time it was usually 
from 1] and 2 hours in the beds. Qur samples of primary bed effluent were ail 
taken in the daytime. The contact in the secondary beds was 1 or 2 hours for the 
greater part of our observations, but towards the end we increased it to 4 hours, in order 
to see if a better final effluent could be obtained. 
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SUMMARY. 


The sewage is of about medium or rather under medium strength and the settled 
sewage still sheer about 11 parts of suspended solids per 100,000. 


- The beds, both primary and secondary, are of coarse material. Owing to their com- 
paratively small area and to the large volume of sewage treated on them (normally four 
fillings per day, but frequently six or seven), they were much overworked. | 


The great decrease in capacity of the primary beds, within the short period of 4 years, 
is sufficient evidence of those beds having had too much to do. The secondary beds, on 
the other hand, maintained their capacity well until they were called upon to act as primary 
beds, 2.e., to treat settled sewage. : 


Had the primary beds been of sufficient size to treat the settled sewage at the rate of 
two fillings a day in dry weather (which would mean three or four fillings in wet 
weather), and had the secondary beds been of finer material and sufficiently large 
to treat the primary effluent at the rate of three fillings a day in dry weather, we think 
that a satisfactory final effluent would have been obtained, and that the beds would 
have lasted for a reasonable number of years. As it was, the final effluent, after double 
contact, could not be regarded as satisfactory, either chemically-or bacteriologically ; 
it ought, however, to be borne in mind here that the frequent treatment of settled sewage 
upon the secondary beds must undoubtedly have had something to do with this result. 


We do not consider that the construction of the beds was satisfactory. Towards the 
end of the period of our observations, the primary beds leaked so badly into one another 
that at least two had to be filled at the same time; the banks had also sunk a great deal ; 
we have therefore been led to the conclusion that the subsoil at Halton is not of a suffi- 
ciently clayey nature to allow of the proper construction of contact beds without the use 
of building material. 


No observations upon the Whitebeck were made, owing to the fact that the effluent 
from the filter beds is passed over land before being discharged. 


We should like, in conclusion, to express our thanks to Mr. W. B. Pindar, Clerk to 
the Rural District Council, Mr. S. Shaw, M.I.C.E., the Engineer who designed the 
Works, and Mr. Rk. Adamson, Manager of the Sewage Works, for much assistance given 
to us in connection with the observations. 
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HAMPTON SEWAGE WORKS. 


(Hampton Urpan Disrricr Counci). 


. Situation of works - 
_ Method of treatment Z , = ‘ c 


. Population draining to works during observations 


. Water supply in gallons per head and whence 


obtained’ - = - 


. Number of W.C’s - f f : B ‘ 
. Sewerage system - - : : ‘ 


. Average dry weather flow of sewage in gallons 


per 24 hours - : 3 : . 3 


_ Gallons of sewage per head per day - - 
. Character of the sewage - J “ E 
. Period of observations — - . : 2 
. Age of beds - i = LBs % f 


. Amount of storm water treated z - 


. Total area of filters in yards square SHeee 2 
. Total cubic content of filters in yards cube 


. Nature of filtering medium— 


(a) Primary beds 7 4 : : 
(6) Secondary beds _ - e : : : 
(c) Tertiary beds - - é : : 


. Gallons of crude sewage treated per square yard 


per 24 hours (all filters included) - 


. Gallons of crude sewage treated per cube yard 


per 24 hours (all filters included) _— - ; 


. The final effluent is discharged into -- - ~~ - 
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About 14 miles from the popu- 
lous part of Hampton. 


Triple contact filtration of crude 
sewage. 


6,500 (estimated average). 


32; Grand Junction District 
Waterworks Company (now 
Metropolitan Water Board)—a 
rather hard water. 


2,000. 


Separate. 


180,000 (estimated average). 
207. 

Strong domestic sewage. 

June, 1902 to December, 1904. 
About 3 years. 


Practically no storm water finds 
its way into the sewers, except 
in times of prolonged and 
heavy rainfall. 


3,373. 
4,195. 


Boiler furnace clinker, everything 
over ? inch (average 2 inches). 

Boiler furnace clinker, } inch to 
$ inch. 

Boiler furnace clinker, everything 
under ? inch, including dust. 


53°4 


AS ee eee ae 
The river Thames, near Hampton 
Court. — 
Peas 2B 
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FLOW OF SEWAGE. 


The sewers are entirely separate from the surface water drains, and the subsoil water 
is carried away by pipes laid underneath the sewers proper. | Excepting in times of 
prolonged and heavy rainfall, practically no storm water finds its way into the sewers. 


Owing to the ejectors, the Hampton sewage reaches the works in flushes, and 
consequently it was found impracticable to measure the flow by means of a weir 
and an automatic recorder; the records of bed fillings had therefore to be relied 
upon for an_ estimate of the sewage flow. With new beds, this method of 
gauging would probably be accurate, but the Hampton primary beds were more or 
less clogged during the observations, and the estimates of the sewage flow are there- 
fore only approximate. 


During a dry week in July, 1902, shortly after the first measurement of capacity 
was made, the bed fillings showed a dry weather flow of 140,000 gallons per day ; while 
for a similar week in July, 1904, but some time away from any capacity gauging, the 
flow was about 160,000 gallons per day. From the total number of bed fillings between. 
June, 1902 and February, 19038, the average daily flow was 140,000 gallons ; and, from 
February, 1908 to November, 1904, 186,000 gallons. 


Based on the water supply per head of the population, the dry weather flow in 1902 
was approximately 160,000 gallons per day, and, the population having increased, in 
1904 approximately 200,000 gallons per day. In our caiculations for the quantity 
treated in dry weather, we have taken 180,000 gallons as the approximate average dry 
weather flow. 


There appears to be only a small quantity of subsoil water gaining access to the 
sewers in dry weather. 


Screens and Detritus Tanks.—The sewage passes through a half-inch sereen before — 
reaching the primary beds, and then through shallow settling ponds called “ Bays,” 
formed on part of the surface of each primary bed at the inlet end. 





Crude Sewage—Three sets of hourly samples, Nos. 1, 2, and 3, drawn in dry and 
very warm weather in June, 1902, were examined, in addition to three chance samples. 
Owing to the system followed, the hourly fractions of these sets could not be drawn 
in the usual way, according to rate of flow, but they had to be taken in equal quanti- 
ties every hour, omitting those hours at which no sewage was arriving at the works. 


The hourly samples were of very even composition and gave the following figures on 
analysis :— | 


Parts per 100,000: | Average. Per Ai de 

Ammoniacal Nitrogen - - - - - -  ~- (856 to 10°61) 9-40 (3) 
Albuminoid Nitrogen - - - = - |= = (1:33 t0.1:42) 1:38 (3) ' 
Total Organic Nitrogen (., a.) «able = «=. ° , (2'81t0 3°57) 3:14 (3) 
Total Nitrogen susie ¥s)-ait | deve - =. =.) Se. (12-08 to 13:42) 12°54 (3) 
‘Oxygen absorbed” at 27° C. (80°F.) at once - - - (4°71 to 5:30) 5:06 MOP 

0 09 3 » m4 hours - — - (16°55 to 19°81) 17-82 (3) 
Chiorine:!s were ial 2 whe - = 2 es 0ite 16:23) 15°15 (3) 
Solids in suspension - : “ A : H . - (47:5 and 49°5) 485 (2) 
Solids by centrifuge (vols.) — - : : : ee (268 to 345) 3260. (3) 
Ratio of solids in suspension to centrifuge solids - (1:7°7 and 1:7-0) 1:74 (2) 
“Cellulose” (by alkali, acid and ether) — - 3 J - (6°68 to 7°84) 713 (8) 
Ratio of “ cellulose ” to solids in suspension —- 5 1:71 and 1:6) 1:67 (2) 


a i nh fe 8 nS OS eee 


These figures show the sewage to be a very strong one in every respect. 
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The three chance samples, Nos. 30934, 491 and 645, were taken on three forenoons in 
the months of January, March and December, the last of them on a wet day. Practically 
speaking, they were only half the strength of the hourly samples drawn in the month of 
June, as will be seen from the following figures of analysis. Allowing for the fact of 
sewage in general being less concentrated in winter than in summer, this difference in 
strength is instructive, as showing that the weaker sewage at Hampton comes to the 
works in the daytime,—the converse of what usually obtains. These chance samples 
gave the figures :— 





Parts per 100,000. Average. aS pues Ot 

Ammoniacal Nitrogen - - - - - : - (4:25 and 5°78) 5°02 (2) 
Albuminoid Nitrogen —- - . . - - - (0°78 and 0°85) 0-81 (2) 
Total Organic Nitrogen - - : - - (1:67 and 1:96) 1:82 (2) 
Total Nitrogen Might - © geolts- - = - © (4:91 to 7°74) 6:19 (3) 
“Oxygen absorbed” at 27°C. (80°F.) at once -~— - - (1°62 to 2°76) 2°34 (3) 

i ag Fa fs in 4 hours - - (7:06 to 9°91) 8°46 (3) 
Chlorine - - - - - - - - - - - - =" 7°60 (1) 
Solids in suspension - HW care 3 - - + (19°3 and 20-4) 19°9 (2) 
Solids by centrifuge (vols.)° - = -  -  - = (119 to 186) 152:0 (3) 
Ratio of solids in suspension to centrifuge solids - 1to91and1:83 1:87 (2) 


Bacteriological Results—The bacteriological results are set forth in the following 
table. Three out of the four samples contained 1,000 spores of B. enteritidis sporo- 
genes per cc. The B. coli test and presumptive tests for B. coli yielded comparable 
results—all the samples gave a positive result with ‘00001 c.c. (100,000 per c.c.) 


B.S.=Bile salt glucose 
peptone test. 
N.R.=Neutral red broth|. B, Enteritidis 





Number of B. coli 


Description of the (or gas-forming maa SyOraCanal Fromarben 
Sample. Pores In. =Indol test. ae 
eI CrOBSS L,. P.M. = Lactose peptone 
milk test, 

1. Crude Sewage, aver- 100,000 100,000 In. 1,000 not 10,000} “Gas test” +-001 

age sample 20/6/02 (+-indol) 100,000 N.R. c.c. 24 hours at 
(+ clot) 100,000 L.P.M. 20°C. 
100,000 B.S. 

2. Crude Sewage, aver- — 100,000 L.P.M. — “Gas” test +:001 
age sample 22/6/02 100,000 B.S. c.c. 24 hours at 

20°C. 

3. Crude Sewage, aver- 100,000 100,000 In. 
age sample 24/6/02 (+-indol) 100,000 N.R. 1,000 not 10,000 | “Gas” test +-001 

(-+-clot) 100,000 L.P.M. c.c, 24 hours at 
100,000 B.S. 20°C. 

30934. Crude sewage, ag 100,000 N.R. 100 not 1,000 | 7 million microbes 
chance sample 100,000 B.S. per cc. (gel. at 
29/1/03 20°C.) “Gas” test 

+ O01 ce 24 
hrs. at 20°C, 

491 Screened sewage — : 100,000 N.R. 1,000 not 10,000 


11/3/03. 


eee a 
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FILTER BEDS. 
PRIMARY BEDS. 


Number of Beds - - - d. 

Size of each - ; = ; 59 feet 6 inches by 34 feet 
6 inches. 

Total area - - - . : 967 square yards. 

Depth of material - - - 4 feet. 

Total cubic content —- - - 1,289 cubic yards. 

Distribution - - - - None. 

Material : - - - - Boiler furnace clinker (local), 


consisting of everything 
over 1 inch diameter. 


Construction - - . - Cement concrete throughout. 


Underdraining -~ - - - 16 half channels formed in 
the concrete floor,covered 
with 6-inch perforated 
tiles. These connect 
with a main channel, 
which extends from side 
to side at the outlet end. 


Working. —The method of working the primary beds during our  obser- 
vations was to have four in use and one resting ; four beds, therefore, constituted the 
working set. When first started, the primary beds were filled not more than once a 
day, and the sewage was given a full two hours’ contact. At the commencement of the 
observations, in’ June, 1902, the primary beds were receiving on an average 2} fillings* 
per day, with a two hours’ contact, but towards the end (December, 1904), the number 
of fillings had increased to an average of $3 per day, and the contact lasted only 
half an hour. ‘This was due mainly to the loss of capacity in the beds, but also to 
some extent to the increase in the flow ofsewage. The time taken to fill the beds has 
also varied, but during the observations it was on the average about half an hour. 


Age.—The beds were first used regularly in the early part of 1899. 


Capacity—The original empty tank capacity of the five primary beds was 217,51 
gallons; assuming that the material when first put in would occupy half this space, 
the original water capacity of the five beds would be 108,759 gallons. 


The observations commenced in June, 1902, with a measurement of the primary 
bed capacity. Beds Nos. 2 and 3 were taken as typical of all the primary beds, and 
from their measurement we estimated that the total primary bed capacity at this 
time was 59,000 gallons. 


The primary beds, therefore, although they were constructed to deal with 210,000 
gallons of sewage per day (i.e. about two fillings for each bed per day), were reduced 
after three years’ work to about 27 per cent. of the original empty tank capacity, or 
54 per cent. of the original water capacity. From this time onward, owing to the 
clogged condition of the surfaces, they were worked only with difficulty; but by 
careful filling, by the settlement of as much suspended matter as possible in the 
“bays,” and by the removal of sludge from the “bays,” and the cleaning and forking 
of the bed surfaces about every three weeks, the beds were kept going for a further 
period of 23 years, without, as will be seen, much further loss of capacity. At one 
time, however, one of the primary beds was reduced to 16 per cent. of its original 
empty tank capacity. | : | 


From June, 1902, when the primary bed capacity was about 59,000 gallons, to February, 
Ist, 1903, the date of the second measurement, the beds treated partially settled 
sewage at an average rate of 2° fillings for each bed per day. This second measure- 
ment gave the total capacity as 47,590 gallons, or 218 per cent. of the original total 
empty tank capacity. ' 





_ * This average, like all other averages for bed fillings, is obtained by dividing the total number of 
fillings by the total number of filters. Since, however, one of the primary beds at Hampton is usually being 
Pati for surface cleaning, the actual average number of fillings for the four beds at work is proportionately 
greater. 
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In the second period, which lasted from February Ist, 1903, to November 8th, 1904, 
the primary beds treated partially settled sewage at an average rate of 3°52 fillings 
for each bed per day. At the end of this period, the primary bed capacity was found 
to be 58,000 gallons, or 26°6 per cent. of the original total empty tank capacity, the 
increase in capacity being due to the lighter work given to the beds during the dry 
summer of 1904, and to the regular cleaning of the surface material. 

Primary Hluents.—Only three samples of Primary Effluent, Nos. 3033, 30938 and 
3354, were examined chemically, two of them partially; they were drawn in the 


months of January and October, and at mid- or three-quarters-fow. Only a few 
figures of analysis need therefore be given here. 





Parts per 100,000. Average. Number of 


Estimations. 
Sees ee RE 899 and 287) | 348 (2) 
“ Oxygen absorbed” at 27° ©. (80° F.) at oncee- - -  - (082t0112) 0:97 (3) 

. “s 5s y»  mAéhours - - - (2°94 to 4:08) 3°58 (3) 
Solids by centrifuge (vols) - - - - - -  - . (18 to 52) 340 (3) 
Incubator test (by smell) | - ; - - - - - - - 3 failed * (3) 
Smell when drawn ) - - - = Ss 4 : = 2 r 3 bad (3) 
Smell when analysed - OST 43 eae (3) 


* Assumed in the case of No. 3033. 


For one contact of a strong sewage, the above results show a good purification’ 
Two of these effluents had a strong earthy, ¢.¢., a clean, smell when they came to be 
analysed, and one of them, at all events, still contained a little oxidized nitrogen. 
The figures for total nitrogen, “oxygen absorbed” from permanganate, and centrifuge 
are all low, comparatively speaking. The suspended solids would amount to about 
4 parts per 100,000. It could not, of course, be expected that these primary effluents 
would withstand incubation. 


As compared with the hourly samples of sewage examined, these primary effluents 
shewed the following percentage reduction (there can, however, be little doubt that 
the sewage from which these effluents were derived was weaker than the hourly 


samples) :-— _ — Calculated on the 
pe eT Hourly Samples of Sewage. 
“Oxygen absorbed” at once - . : - - 81 per cent reduction 
“Oxygen absorbed” in 4 hours - - - - - 80 


9 2) 

Bacteriological results.—The bacteriological results are given in the accompanying 
table. The effluents were unsatisfactory from the bacteriological point of view. The B. 
coli test and the presumptive tests for B. coli gave a positive result with ‘00001 c.c. 
(100,000 per c.c.). The B. enteritidis sporogenes test yielded a positive result with 
“O01 c.c. (100 per c.c.). Sample 30938 contained over 6} million microbes per c¢.c. - 


B.S. =Bile-salt glucose 


peptone test. 
ae pm ee - Es N.R.=Neutral red broth cinta t 
Description of the coli (or gas-form- Ga B. enteritidis R E 
Sample. ing coli-like treet dol Hae sporogenes test, Maiti e: 
Bagre bony L.P.M.=Lactose  pep- 
tone milk test, 
Primary bed effluent, — 100,000 L.P.M. ais “Gas” test + ‘OL 
_ ‘ehance sample, 100,000 B.S. c.c. 24 hours 
;' 22/6/02. at 20°C. 
$033. Primary bed 100,000 100,000 In. 100 not 1,000 | “Gas” test + -O1 
effluent, mid-flow, ( — mdol) 100,000 N.R. c.c. 24 hours at 
16/10/02. (— clot) 100,000 L.P.M. 20° C. 
' 100,000 B.S. 
30938. Primary bed 100,000 N.R. 100 not 1,000 | “Gas” test + -01 
effluent, chance 100,000 B.S. c.c, 24 hours at 
sample, 29/1/03. 20° C. 6,600,000 


microbes —_ per 
c.c. (gelatine at 


20°C.) 
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SECONDARY BEDS. 


Number of beds - . - - - §. 

Size of each - - . - - - 57 feet 10 inches by 36 feet. 
Depth - - - - - - A feet. 

Total area - : - 2 - 1,156 square yards. 

Total cubic content - - - - 1,413 cubic yards. * 
Distributroresesp 41 - - - + 4 beds are fed by unperforated 


half pipes, in herring-bone forma- 
tion, and the fifth bed has a foot 
of fine material on the surface, 
which causes the on-flowing 
primary bed effluent to spread. 


Material - : . - - - Boiler. .furnace clinker (local), 
+ inch to ? inch diameter. 
Construction - © - - - - - Cement concrete throughout, 


Underdraining.—Sixteen half channels, formed in the concrete floor of the tank, 
covered with 6° perforated tiles. | These connect with a main channel, which extends 
from side to side at the outlet end of the tank. 


Working.—When the observations commenced, in June, 1902, the secondary beds 
were being worked at a rate of rather less than 23 fillings for each bed per day, with a 
contact lasting between one and two hours. The clogged condition of the primary 
beds and the consequent short contact given to them gradually affected the secondary 
beds, however. and by September, 1908, the average number of fillings to’each second- 
ary bed per day had risen to 2°89. Shortly after this, partly because of the loss of 
capacity in the secondary beds, and partly because of the continual filling and emptying 
of the primary beds, the method of using some of the secondary beds by ‘“‘ streaming ” 
was resorted to occasionally, but only when it was impossible to get the primary bed 
effluent through the secondary beds in any other way. Eventually the material in the 
secondary beds was taken out and washed, and after this they were again worked strictly 
upon the contact plan. | 


Age.—The beds were first used regularly in the early part. of 1899. 


Capacity,—The original empty tank capacity of the five secondary beds was 239,625 
gallons, and, on the assumption that the material occupied one-half of the space in the 
tank, the original water capacity was approximately 119,812 gallons. 


Our first measurement (on No. 2 bed, taken as typical) was made on February, 1st, 
1903, after the beds had worked as contact beds for: approximately four years. It 
gave 51,000 gallons as the total secondary bed capacity, equal.to 21°5 per cent. of the 
original empty tank capacity. 7 \ if 


After a further run of 16 months, sometimes of necessity as a streaming filter and 
sometimes as a contact bed, the capacity of No. 2 bed became so reduced that the 
material had to be taken out and washed. The bed had lasted, therefore, for rather 
more than five years, 


After washing the material and replacing it, the bed was re-started on September 
27th, 1904, and a measurement made ten weeks later gave its capacity as 19,900 
gallons, equal to 41°3 per cent. of the original empty tank capacity, or 826 per cent. 
of the original water capacity. This measurement is interesting as showing that 
practically the whole water capacity can be regained by washing. 


Secondary Efiuents.—Eleven samples were examined chemically ; excluding No, 492, 
which was drawn immediately the valve was opened, and which was therefore very 
impure (with no oxidized nitrogen and as much as 14 parts of suspended solids), the 
remaining ten samples may be divided into two groups, according as they were drawn 
when the secondary beds were used as contact beds proper or as streaming beds. 


The first group (secondary contact bed effluents) comprises Nos. 3032, 30930, 3147, 
541. 3259 and 749. These were mostly taken in the spring and autumn months, in 





* Allowing for batter on walls of tank. 
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varying weather. One of them was drawn with the bed one-third empty, another 
with the bed three-fourths empty, and the remaining four at mid-flow. They gave the 
following figures on analysis :— 





Number of 
Estimations. 


Parts per 100,000. Average. 











Ammoniacal Nitrogen “ - : - ; 4 - (1:08 to 5:29) | 251 (5) 
tAlbuminoid Nitrogen : : e : : - (0°23 to 0°39) | 0:28 | (3) 
Oxidized Nitrogen - - . - < : . - (0°19 to 2°35) | 1°62 (5) 


Oxygen absorbed from permanganate at— 








26°7°C. (80°F.) at once (0-44 to 1°10) 0°76 | (6) 
f mA hours: =. Rhett WA Zh.-4(1:90, 1003575) 2°79. cient (6) 
Dissolved Oxygen taken up in 24 hours at about 18°C. 

(65°F.)* —- : - ee - - - - (039 to 142) | 0°84 (4) 
Solids by centrifuge (vols.) - - - - - (9:0 to 18:0) 14:0 | (6) 
Incubator test (Scudder)  - - - - - - - 5 passed (5) 

4 passed 
Incubator test (by smell) , - : - y= Fen ute . 1 doubtful (6) 
1 failed 
Smell when drawn - , page | (4) 
Smell when analysed am {se spotty | (8) 








* At laboratory temperature in two cases. + Probably rather high in Nos. 541 and 3259. 


The above effluents varied in appearance from nearly clear and colourless to very 
turbid, though in no case were the suspended solids at all high (say 1 to 2 parts per 
100,000, as judged by the centrifuge). Four of them had a clean smell when analysed, 
while four of the six—or possibly five—passed the incuhator test. 


Speaking generally, the effluents were not of high quality, and they varied con- 
siderably in composition. Two contacts of a strong crude sewage, therefore, as 
carried out at Hampton during our observations, were barely sufficient to turn out a 
satisfactory effluent, per se, chemically speaking. 


As compared with the hourly samples of sewage, these chance samples of contact 
effluent showed the following percentage purification :— 
Calculated on “ oxygen absorbed” at once - 85 per cent. 
” ” ” ” an 4 hours - 84 ” 
The second group (secondary streaming bed eftluents) comprised Nos. 3355, 662, 
698 and 3536. These were drawn at different seasons of the year and in dry or nearly 
dry weather. They were only partially analysed, but gave the following figures :— 





Parts per 100,000. | Average. Saar 

Greens OU toner 2 - % «1 SBP NOE (0-04 to 1°42) 062 (4) 
“Oxygen absorbed ” at 27°C. (80°F .) at once - - - (0°92 to 1°83) 1:23 (4) 

Nf ” ¥ x in 4 hours - - (3°42 to 755) | 4°75 (4) 
Dissolved Oxygen taken up in 24 hours at about 18°C. - (1°18 to 1:43) 1:52 (3) 
Solids in suspension - - - - = c - (51 and 11°8) / (2) 
Solids by centrifuge (vols) - - = : - (37-0 to 154:0) 76-0 (4) 
Ratio of solids in suspension to centrifuge solids (1: 116 and1:13°27) | © 1:124 (2) 
Incubator test (Scudder) - - - - - - - 2 passed (2) 

'( 1 passed | 
Incubator test (by smell) - - - - - | 1 doubtful (4) 
2 failed 

Smell when drawn - - - - - - - - 3 bad (3) 
Smell when analysed - - - - - - - 2 Nears (4) 








It is obvious from these figures that the streaming effluents as a whole were by no 
means so good as the contact ones, but here it must be borne in mind that the sus- 
pended solids averaged about 6 parts per 100,000, as against 1 to 2 in the contact 
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effluents. The presence of those solids of course raised the various figures of analysis, 
their influence being exemplified in No. 3536 (containing nearly 12 parts of solids), 
which was partially analysed both before and after filtration through paper. It gave :— 
aren TAT, SSRN cnn ee a nC Bn ep eb oe 








Onc Effluent after 
Eifivent Filtration 
} through paper. 
Oxygen absorbed at 26°7°C. aionce - - -— - - a : 1°83 0-67 
” ” ” on 4 hours a * rs Z i 4 =i 4:54 2°35 
Dissolved Oxygen taken up in 24 hours at about 18°C. - - LS 1:18 0:18 








Had those effluents been settled, :herefore, they would have shewn a marked 
improvement. Our general experience, however, leads us to the conclusion that, even 
with settlement, the Hampton streaming effluents could not have been considered 
sufficiently purified for a final effluent, judged by itself. 

As compared with the hourly samples of sewage, these chance samples of streaming 
effluent show the following percentage purification :— 

Calculated on “ oxygen absorbed” ai once - - 76 per cent. 
r r r in4hours- - 4 


Bacteriological Notes.—The bacteriological results are shewn in the accompanying 
table. Some of the effluents were drawn when the beds were being used as ‘“‘stream- 
ing” filters. But even allowing for this, the bacteriological results were far from 
satisfactory. The B. coli test and presumptive tests for B. coli usually gave a positive 
result with ‘00001 c.c. (100,000 per c.c.). The effluents contained 10 to 1000 (but 
usually 1060) spores of B. enteritidis sporogenes per c.c. Nevertheless, it is worth 
noting that the percentage reduction of microbes in sample 3098c, which was com- 
parative with sample 309388 (a primary effluent), was striking. The latter contained 
6,600,0C0, and the former 1,800,000 bacteria per c.c., a reduction of 72 per cent. 


B.S,=Bile-salt glucose 











Number of B. ee 
Description of the | coli (or gas-form- | N-B-=Neutralred broth |B enteritidis Bettie i 
Sample. ng se: like ine ln eh eeae sporogenes test. | > : 
meres): L.P.M.=Lactose pep- 
tone milk test. 

Sec nuary bed effluent, . 100,000 L.P.M. 10 not 100 
chance sample, mid- 160,000 B.S. 
flow, 22/6/02. 

3032. Secondary bed 100,000 10,000 not 100,000 In. 100 not 1,000 “Gas” test +01 
effluent, chance sample, ~~ (—indol) 100,000 N.R. c.c. 24 hours at 
mid-flow, 16/10/02. (— clot) 100,000 L.P.M. — 20°C. 

10,000 not 100,000 B.S. ; 

3093c. Secondary bed 10,000 not 100,000 N.R.| 10 not 100 “Gas” test + 1 
effluent, chance sample, Jae 10,060 not 100,000 B.S. c.c. 24 hours at 
mid-flow, 29/1/03. 20°C. 1,800,000 

. microbes per 
: c.c. (gelatine 

492. Secondary bed 100,000 100,000 In. 100 not 1,000 at 20°C.) 
effluent, chance sample, ( — indol) 100,000 N.R. 
first runnings, 11/3/03. ( — clot) 10,000 not 100,000 L.P.M. 

3147. Secondary bed 10,000 not 100,000 N.R.|. 100 not 1,000 
effluent, chance sample, 
bed three-fourths empty, 

7/5/03. 
541. Secondary bed 100,000 N.R. 100 not 1,000 


effluent, bed one-third 
empty, 2/6/03. 


662. Secondary bed |10,000 not 100,000| 10,006 not 100,000 N.R.| 1,000 not 10,000 





effluent, streaming ( — indol) 
effluent, 1/2/04. (+clot) 
698. Secondary bed 100,000 100,000 N.R. 100 not 1,000 
effluent, streaming (+-indol) 100,000 B.S. 
effluent, 30/5/04. (+ clot) 
3536. Secondary bed 100,000 100,000 N.R. ‘1,000 not 10,000 
effluent, streaming | -(+indol) 100,000 L.P.M. | 
effluent, 15/8/04. . (+clot) | 100,000 B.S. 
749. Secondary bed 100,000 100,000 N.R. 100 not 1,000 
effluent, mid flow, (+indol) 100,000 B.S. ix 


10/11/04. (clot) 
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TERTIARY BEDS. 


Number of beds - - - - §. 7 

Size of each - - - - - 62 feet 6 inches by 36 feet. 

Total area - - - - - 1250 square yards. 

Depth of material — - : - - 4 feet. 

Total cubic content : - - 1493 cube yards. 

Material - - : : : - Boiler furnace clinker (local), 
consisting of everything 
under + inch diameter, 
including dust. 

Construction - - - Cement concrete throughout. 

Distribution : - - By means of grips in the 

material. 

Underdraining - =~ - 16 half channels, formed on 


the concrete floor and 
covered with 6-inch 
perforated tiles. These 
connect with a main 
channel, extending 
from side to side at the 
outlet end of the tank. 


Working.—The tertiary beds were worked as contact becs throughout the ob- 
servations. At the commencement they were receiving on an average 2°2 fillings of 
secondary bed effluent per day, and at the end 2°8 fillings per day. The length of 
contact in the tertiary beds was about two hours, throughout the observations. 
Since the observations were completed, in December, 1904, some of the tertiary beds 
have been used as streaming filters, owing to the fact that the material had become 
rather consolidated, and it was therefore difficult to fill them. 

Age.—The beds were first regularly used in the early part of 1899. 

Capacity.—The original total empty tank capacity of the five tertiary beds was 
251,944 gallons, and, assuming that the material occupied one half of the space, the 
original water capacity of the tertiary beds was about 125,972 gallons. We 
were able to measure the capacity of one of the tertiary beds (No. 2) only once— 
in December 1904, when the bed had been at work for five years. The rate of 
filtration since it was brought into use in 1899 had gradually increased up to this time, 
being less than one filling per day in 1899, 2°43 fillings per day between June, 1902, 
and February, 1903, and 3:38 fillings per day between February, 1903 and the end of the 
observations, in December, 1904. The average rate of filtration during the whole 
of the observations was 2°99 (say, 3) fillings per day. 


The measurement gave the capacity of the five tertiary beds at this time as 65,835 
gallons, or 261 per cent. of the original empty tank capacity. The actual capacity of 
No. 2 bed, as measured, was 13,167 gallons, ) 


During April, 1905, the material in this bed was turned over, in order to seé if 
the capacity could be regained, and after a further run of about one month the bed 
was again measured. The capacity on this occasion was 14,000 gallons. From the 
appearance of the material before it was turned over (although clesely bound together, it 
was clean), it was thought possible that the greater part of the loss of capacity in the 
tertiary beds was due to consolidation of material rather than to clogging from suspended 
matter. It was expected, therefore, that the turning over would result in a consider- 
able gam in capacity. Probably such very fine material as this occupies considerably 
more than 50 per cent. of the tank space,*and, if that be so, there could not have been 
at any time a great loss of capacity in the tertiary beds. On the other hand, it may 
have been that the capacity gained by the turning over was rapidly lost again when 
the beds were once more brought into use. 


Tertiary Hfivents.—Fifteen tertiary effluents were analysed chemically, most of 
them very fully. Twelve of these were, practically speaking, drawn at mid-flow, and 
therefore represented approximately the average working of the beds. ‘Their numbers 
were 3034, 3093p, 482, 608, 3258, 644, 3356, 663, 673, 697, 3537 and 750. They 


gave the following results on analysis :— 


* We think that it would be both interesting and useful if a number of exact measurements on a fairly 
large scale could be made with regard to this point, using material of various qualities and sizes, 
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Parts per 100,000. | Average. — pear 
jj es 
Ammoniacal Nitrogen - - » ott ho -- CONTE togl a3) 0-71 (9) 
Albuminoid Nitrogen : ze 3 : - (0°05 to 0-19) 0-11 (8) 
Oxidized Nitrogen - ri elon : : : (1:93 to 3:12) 264 (12) 
Total Nitrogen - - - . - 2 - - (3:95 to 4°37) 4:19 (4) 
“ Oxygen absorbed” at 27°C. (80° F.) aé once - - (0:09 to 0°53) 0°35 (12) 
:, Hi _ » mahours- - (077 to 1°71) 131 (12) 
Dissolved Oxygen taken up in 24 hours at about 18°C. (0:04 to 0°62) 0:38 (8)* 
Chlorine - - : 5 3 . : < - (7:06 to 14-28) 11:14 (6) 
Solids in suspension - . - Mere trace. 
S lids by centrifuge (vols.) - 7 - - z : (00 to 7-2) 12 (12) 
Insubator Test (Scudder) - - -~ - ees 10 il (12) 
%9 », (by smell) : : : 12 passed (12) 
Sme'l when drawn - - - - ; : : 8 good (8) 
Smell when analysed - - - - - : Z 12 good (12) 
c.c. per litre. 
Oxygen in solution - - - - - 2 3 4 (0-0 to 15) 0-8 approx. (9) 





The ordinary samples of tertiary effluent examined were therefore all good or 
very good. They had all a clean smell when drawn, contained practically no solids 
in suspension, withstood the incubator test, and took up very little dissolved oxygen in 
24 hours. By far the greater part of the nitrogen they contained was in the form of 
nitrate. Roughly speaking, about two-thirds of the original nitrogen in the’ sewage 


disappears during its passage through the three sets of contact beds. 


The reduction in figures on the hourly samples of sewage is :— 


Calculated on the Albuminoid Nitrogen - - - 92 per cent. 
. , ‘Oxygen absorbed ” at once - iw SORE 
u ‘ i in & hours - 93 5 
i ,, suspended Solids - - nearly 100 Fe 


So far, therefore, as the production of a good chemical effluent from a very strong 
sewage is concerned, the triple treatment at Hampton has been thoroughly successful. 


Of the three remaining tertiary effluents examined chemically, No. 493, a sample of 
first runnings, contained practically no suspended matter, but was otherwise very 
indifferent, failing to withstand the incubator test and using up nearly two parts of 
nitric nitrogen in the process. The other two samples, Nos. 3148 and 542, both of 
Which were drainings, were, as might have been expected, good—No. 8148 very good. 


Attention may be called here to some comparative figures on rate of absorption of 
dissolved oxygen by No. 673, when diluted with tap-water in the proportion of two 
volumes of water to one of effluent. This sample, while slightly opalescent, contained 
only a trace of sediment.: The respective amounts-of oxygen taken up in one to five 
days (in parts per 100,000, by weight) were :— 


94 hours. 48 hours. 72 hours. 120 hours. 
0:38. 0°99. 1:34. 2:11. 


This absorption, by a fairly well purified effluent, thus appears to vary almost 
directly with the time. 


Bacteriological Results.—The bacteriological results are set forth in the accompanying 
table. The results varied greatly, but there can be no doubt that many of the samples 
showed a remarkable degree of percentage purification. Thus, several of the samples 
yielded a negative result with ‘0001 c.c. (less than 10,000 per c.c.) with the B. coli test 
and presumptive tests for B. coli. As regards the B. enteritidis sporogenes test, nearly 





* The three first at laboratoiy temperature. 
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all the samples contained less than 100 spores of this anerobe perc.c. Excluding the 
worst samples, the results showed that tertiary beds composed of fine material can 
eliminate intestinal microbes to a striking extent. Samples 30934, 30938, 3093c and 
3093p, of sewage, primary bed effluent, secondary bed effluent and tertiary bed efflucnt, 
respectively, were comparative, and the number of microbes per c.c. in these samples 
was as follows :—7,000,000, 6,600,000, 1,800,000 and 460,000 ; the percentage degree 


of improvement effected at each stage of the process of treatment being 5°6 per cent., 


73 per cent. and 74 per cent. 


compared with the sewage was 98 per cent. 


The reduction of bacteria in the tertiary bed effluent as 





Description of the 


Number of B. 


coli (or gas-form- 


B.S. =Bile-salt glucose 
peptone test. 
N.R.=Neutral red broth 
test. 





B. Enteritidis 
Remarks. 





; ae sporogenes 
peels: a In=.Indol test. test. 
L.P.M.=Lactose peptone 
milk test. 
Tertiary bed effluent, 100,000 B.S. 
chance sample, 100,000 L.P.M. 
22/6/02 . 
3034. Tertiar;-bed efflu- | 1,000 not 10,000 100 not 1,000 In. 1 not 10 
ent, mid-flow, ( — indol) 1,000 not 10,000 N.R. 
16/10/02 ( — clot) 1,000 not 10,000 L.P.M. 
; 1,000 not 10,000 B.S. 
3093 D. Tertiary bed 1,000 not 10,000 N.R. 10 not 100 460,000 microbes 
effluent, 29/1/03 10,000 not 100,000 B.S. per c.c. (gelatine 
at 20°C.) 
493. Tertiary bed efflu- |10,000 not 100,000] 10,000 not 100,000 In. 100 not 1,000 
ent, ist runnings, (+-indol) 00,000 N.R. 
11/3/03 ( — clot) 100,000 L.P.M. 
- 3148. Tertiary bed efflu- 10,000 not 100,000 N.R. 10 not 100 
ent, last drainings, 
7/5/03 
542. Tertiary bed efflu- 1,000 not 10,000 N.R. 10 not 100 
ent, last runnings, 
2/6/03 
608. Tertiary bed efflu- | 1,000 not 10,000 | 1,000 not 10,000 N.R. 10 not 100 
ent, mid-flow, (++indol) 
21/9/03 (+clot) 
3258. Tertiary bed efflu- {10,000 not 100,000] 10,000 not 100,000 N.R. 10 not 100 
ent, chance sample, ( — indol) 
7/10/03 {+-clot) 
644. Tertiary bed efflu-}| 100 not 1,000 100 not 1,000 N.R. 1 not 10 
ent, 9/12/03 (— indol) 
(+-clot) 
663. Tetriary bed efflu- | 1,000 not 10,000 1,000 not 10,000 100 not 1,000 
ent, 1/2/04 ( —indol) 
(+-clot) 
673. Tertiary bed efflu- | 1,000 not 10,000 1,000 not 10,000 10 not 100 
ent, 12/4/04 (+indol) 
{+-elot) 
697. Tertiary bed efflu- 100,000 10,000 not 100,000 N.R. 10 not 100 
ent, 30/5/04 (+-indol) 100,000 B.S. 
(+clot) 
- 3537. Tertiary bedeftu-| 100,000 _—_—(10,000 not 100,000 N.R. | 10 not 100 
ent, 15/8/04 (+indol) 10,000 not 100,000 L.P.M. 
(-+-clot) 100,000 B.S. 
750. Tertiary bed efflu- |10,000 not 100,000 100,000 N.R. 10 not 100 
ent, 10/11/04 10,000 not 100,000 B.S. 
6225.—App. III. cc. 2C 2 





204 


Amount of sewage treated upon the jilters—Taking the average flow of sewage 
during our observations as 180,000 gallons per day, we have arrived at the following 
estimate of the amount of sewage treated upon all the filters—primary, secondary and 


tertiary beds included. 


Amount treated per square yard per day = 538°4 gallons. 
Amount treated per cube yard per day = 48°0 gallons. 


Effect of temperature upon the working of the beds.—Some measurements made 
in June, 1902, during warm weather, showed that at that time the temperature of 
the sewage was raised slightly by each succeeding contact in the three beds. The 
lowest efiluent temperature registered during our observations was 7:0°C. (44-6°F. ); 
this was in March, 1903. 


SUMMARY. 


The sewage is a very strong domestic water-closet sewage, surface and subsoil 
waters being practically excluded from the sewers. 


Originally the crude sewage itself, after merely passing through a half-inch screen, 
was treated on the contact beds, the works having been designed to take 210,000 
gallons of sewage per day. It was found, however, within a year, that the direct treat- 
ment of this strong liquor containing much suspended matter was clogging the primary 
beds, to aserious extent. The method of treatment was therefore modified by converting ~ 
the near portion of the surface of each primary bed into a settling bay; and from 
thenceforward the treatment was that of a roughly settled sewage. The sludge 
(probably containing about 90 per cent. of water) which is removed from these bays 
amounts roughly to 350 tons per annum. 


In about three years from June, 1899, the capacity of the primary beds, even with this 
modified treatment, had fallen to 25 per cent. of that of the original empty tank; and 
although we observed no further diminution in capacity in these beds since then, the 
secondary and tertiary beds have gradually suffered in the sameway. The maintenance 
of the primary beds for the past two and a half years at about 25 per cent. of the original 
empty tank capacity has been achieved partly at the cost of the secondary and tertiary 
beds, and partly by the expenditure of a very considerable amount of labour upon them 
(something like the time of three men), As the primary beds treated unsettled crude 
sewage for about twelve months, we are unable to say definitely what their “life” 
would have been if they had been filled with roughly settled sewage from the 
beginning. . | 


The result of treating crude sewage for twelve months and partially settled sewage for 
four years has thus been to clog the primary beds to such an extent that their continued 
use is Only possible at much expenditure for labour. Moreover, as has been already 
indicated, the effect of continuing to work the primary beds, after they were really 
unfit, has been to seriously injure the secondary beds. No. 2 secondary bed, on which 
our measurements of capacity were made, became unworkable after four years’ use ; it 
had then to be dug out and the material washed. The tertiary beds have also become 
difficult to work after five years’ service, but we think that loosening of the material by 
turning it over will probably be sufficient to re-vivify them ; the material of which those 
beds are composed is extremely fine and tends to consolidate naturally. . 


The fact that it was found necessary, after only a year’s working, to revert to 
a preliminary process of partial settlement is sufficient to show that the treatment 
of the strong crude sewage on so relatively small an area of contact beds was 
impracticable, notwithstanding good management. On the other hand there 
is no doubt that, with this triple treatment of strong sewage, the risk of nuisance has 
been reduced to a minimum, and the final effluent has been thoroughly satisfactory 
from a chemical point of view. . 


The few primary effluents examined showed a good purification when compared with the 
original sewage. The secondary effluents, judged from the standpoint of final effluents, 
were not of high quality, and they varied considerably in composition. Two contacts ofthe 
‘trong crude sewage at Hampton, therefore, were barely sufficient to produce a 

satisfactory effluent, per se. The tertiary effluents, however, were all effluents of good 
or very good quality, chemically speaking. 
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Bacteriologically, the most striking feature was the remarkable percentage improvement 
in the number of excremental microbes effected by a tertiary treatment in beds of fine 
material. The effluents from the primary and even the secondary beds were often 
unsatisfactory, a result in part due to the short contact given on the primary beds and 
to the fact of the secondary beds being sometimes used as streaming filters. 


The final effluent from the filter beds is carried by means of an underground 
pipe to the River Thames at Hampton Court. The volume of water in the river there 
is too large to permit of any useful stream observations. 


Although at Hampton, the treatment of crude sewage upon contact beds has proved 
impracticable on the score of cost, we might point out that this need not necessarily 
apply in every case. The advantage of this method, in keeping down smell, might in 
particular cases overbalance the main disadvantage of clogging the beds. The method 
might possibly also be found to be economical where only very small volumes of sewage 
had to be treated, and where the renewal of the material of a small bed could be 
carried out easily. For the comparatively large volume of the strong sewage at 
Hampton, arriving as it does at the works ina more or less septic condition, some 
form of covered tank treatment is obviously desirable. 


In conclusion, we should like to express our thanks to Mr. Sydney H. Chambers 
Surveyor to the Urban District Council, and also to Mr. T. Hughes, Manager of the 
Sewage Works, for much help in connection with our work at Hampton. 


ESS ee 
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HARTLEY WINTNEY SEWAGE WORKS. 


(HartLeEy WintNEY Rurat District Councit.) 


1. Situation of works - : : - - - About 1 mile from the centre of 
the village. 

9. Method of treatment -  - - + — + Closed septic tank followed by single 
contact beds and land treatment 
(Exeter cy Tank Company, 
Limited). 

%. Population draining to works during observations 1,600 

4, Water supply and whence obtained - - - Private wells and Water Company ; 
total supply, 30,000 to 35,000 
gallons per day. 

5. Number of W.C.’s - - : nee - - 400 

6. Sewerage system - - ~ - - - = Partially separate, 

7. Average dry weather flow of sewage in gallons 

per 24 hours - - - - = - ~~ - §0,000 

8. Gallons of sewage per head per day - - 31°2 

9. Character of the sewage - - -  -  - Domestic, with a considerable pro- 
portion of brewery waste. 

_ 10. Period of observations® - : : - - March, 1903, to October, 1905. 
11. Age of contact beds a nnn Se De VeaEEs 
12. Amount of storm water treated on the filters - Not much more than the dry 


weather flow is treated on the 
filters. 


. Total capacity of tanks in gallons. - - - 66,000 
. Total area of contact beds in yards super - 509°2 


. Total cubic content of contact beds in yards 


cube - - - 5 s - - - 679 
. Nature of filtering material  - . - - Furnace clinker from local gas 
works. 


. Gallons of septic liquor treated per yard super 


per 24 hours, based on dry weather flow (all 
contact beds ‘included) a A) Ee BIS 


. Gallons of septic liquor treated per yard cube 


per 24 hours, based on dry weather flow (all 
contact beds included) - : . - - 13°5 


The final effluent is discharged into - - The river Hart, which joins the river 
Blackwater, and finally flows 
into the Thames at Shiplake as 
the River Loddon. 
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Dry Day. 
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Wer Day. 
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Diagram La 
DIAGRAMS SHOWING FLOW OF QEWAGE AT HarTLey WinTNE 


AS FALLING OVER A WEIR 9 wiode. 
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FLOW OF SEWAGE. 

The flow[of sewage at Hartley Wintney has been gauged on two occasions: once 
over a period of a week in December, 1903 (an abnormally wet year), and once over a 
period of 3 weeks in August and September, 1905. In the first of these periods the fiow 
was greatly affected by wet weather throughout ; but in the second, although the whole 


period was not dry, some good records of the dry weather flow were obtained. From 
these the dry weather flow has been estimated at about 50,009 gallons per 24 hours. 


Except during the later part of the week, when the brewery waste is discharged into 
the sewers, the flow is of an even character and, as a rule, varies only from a day flow 
at the rate of about 75,000 gallons per 24 hours, which continues from about 9 a.m. to 
5 p.m., to a night flow of rather under the rate of 40,000 gallons per 24 hours. This 
high rate of flow at ni ight 1s no doubt due to the great length of the outfall sewer and 
to the large proportion of subsoil water which is mixed with the sewage. 


The lowest night flow recorded was at the rate of 31,000 gallons per 24 hours. 


During wet weather the variations of flow are large and rapid. On one occasion, 
as a result of a very heavy shower, a rise of flow in the proportion of about 5 to 1 within 
10 minutes was recorded; and on several other occasions the recorder aes 
increases of flow in the proportion of 8 to 1 within an hour. 


Subsow Water.—From the fact that the night flow in perfectly dry weather accounts 
for at least half the total flow, and also because the flow of sewage remains largely swollen 
for some days after rain-fall has ceased, it is evident that a large quantity of subsoil water 
gains access to the Hartley Wintney sewers. 


On Diagram L are given some illustrations of the sewage flow at Hartley Wintney. 


mit Chambers.—The main outfall sewer discharges into 2 grit chambers, each 5’ 
long by 2’ 6” wide and 3’ deep. Here the heavier suspended matter in the sewage settles. 
It is removed about once a month and given away to farmers. 


Crude Sewage.—Hleven samples in all were examined chemically, viz., seven sets 
of hourly samples, two ordinary chance samples, one sample of weak night sewage and 
one of storm overflow liquor. The first series of hourly samples, Nos. 648, 651 and 
654, were drawn at the beginning of January, 1904, and extended over the usual three 
days, Monday to Thursday. The rainfall on the first of these days amounted to 0°29”, 
but no rain fell on the second and third ; the ground was, however, thoroughly saturated 
at the time, and there was a large infiltration of subsoil water into the sewers. This 
series may therefore be taken as representing the more dilute winter sewage. The sample 
of weak night sewage drawn at this time, No. 657, was taken on Thursday, January 7th, 
1904, at 4.30 a.m. 


The following figures were obtained :— 

















| | Number of nO, DOT. 
Parts per 100,000. Average. | roti mati Weak Night 

: _ | istimat ee Ga 
Ammoniacal Nitrogen - - - . - (2°01 to 3-11) 2:43 (3) | 0-43 
Albumihoid Nitrogen - == (061 to. 0-77) (eee ie ae he 0-16 
Total Organic Nitrogen - : - - - (1°25 to 2:14) 1-71 (3) — 
Oxidized Nitrogen - - - ©- -  - (023 to 1:20) 0°64 (3) 1°46 ap. 
Total Nitrogen =t = 4) Re oe ATE). (4'38-10:6°11) 4°78 (3) | 2°31 
“Oxygen absorbed ” at 27° C. (80° I'.) at once- (2°17 to 2°63) 2°43 (3) 0-43 

” ” ” in 4 hours (11:04 to 20:90) 14°61 (3) Leh, 
(CUO TING = rae rp Sern ees 8 G8-F0-10'62) 8°63 (3) | 6°36 
Suspended Solids - - + - - ~- (110t029-1)| 20-10 (Sie vlan 210 
Solids by Centrifuge (vols.) — - - : - (64:0 to 1780) 118° 0 (3) | 47-0 
Ratio of Solids in ee pension to caseee | 

Solids - - -(1:5:5to1:61) 1:58 (3) Be Dad 

Incubator Test (Scudder)- - - - - - - - + 














Incubator Test (by smell) : : 3 : : : $ a 


The above three sets of hourly sewage samples a Series 1 were on the whole uniform 
as regards ammonia and total nitrogen, but the figures for “ oxygen absorbed”? from 
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d for suspended solids varied greatly ; these solids were finely divided. 
No. 648, the sample drawn on Monday—Tuesday, was noted as containing brewery waste, 
and both it and No. 651 had a somewhat sour smell when analysed. Probably all three 
samples had some brewery waste in them, for the solids of No. 654 (amounting to only 
11 parts per 100,000) were examined microscopically and found to contain some fibre 
or husk, together with yeast cells. All three samples contained oxidized nitrogen, No. 
651 asmuch as1‘2 parts. The sample of weak night sewage, No. 657, had even more than 
this, —about 1'5 parts, and it withstood incubation. There can thus be no question as to 
the presence of large quantities of subsoil water in the sewage when the ground is wet. 


The wet weather winter sewage may be looked upon as of about average 
strength excepting in the matter of suspended solids, which are below average, and 
in the “‘ oxygen absorbed ”” figure, which is distinctly high. Although on the one hand 
it contains very considerable quantities of nitrate, there is on the other much brewery 
refuse present, and it is therefore, no doubt, a somewhat difficult sewage to treat (Cf. 


notes on the Second Series of Hourly Samples, below). 


permanganate an 


The drawing of another series of hourly samples of sewage was begun on Monday 
August 21st, 1905, but rain put a stop to this after the first day’s sample, No. 817, had 
been taken ; during these 24 hours 0:13” of rain fell. Sampling was renewed on Monday, 
September 5th, 1905, and continued for the usual three days (Samples No. 818, 819 
and 820), the rainfall for these days amounting to 0°01”, 0°06, and 0°40” respectively. Hx- 
cepting that the last sample, No, 820, was weaker than the others as regards ammoniacal 
and total nitrogen, and that the second one, No. 818, contained much the least sus- 
pended solids, the four sets of samples did not differ very materially. They may there- 
fore be grouped together as Series 2. During the sampling of this second series, the 
conditions of the first series were exactly reversed ; the ground was quite dry, in con- 
sequence of a dry season, and although a good deal of rain fell upon the first and fourth 
days of sampling, the dryness of the ground caused its effect upon the flow of sewage to 


be but temporary. 
The following results were obtaimed on analysis :— 





. 


Number 
Parts per 100,000. Average. of 
Estimations. 

Ammoniacal Nitrogen: “) > Osea ter ee te (5:55 to 8°53) TAT (4) 
Aibuminoid Nittéeen 2 ee (1:28 to 2°34) 1:79 (4) 
Total Organic Nitrogen - - - - - = _ (2:28 to 4:41) 3:28 (4) 
Total Nitrogen - |S — 2 (8°61 to 11-93) 10°75 (4) 

“Oxygen absorbed” at 27°C. (80°F.) at once - — - (3°82 to 6°14) B14 (4) 
E e ind hours +  - (15:07 to 21°48) 18°64 (43 
Chlorine - 2 2 7 >- |)" Se eee (10:00 to 14-94) 1320 | (4) 
Suspended solids ©! - ~ aR ayaa (19-0 to 42:0) 32:7 (4) 


Solids by centrifuge (vols.) -Bye-) Ee PES ok Be Ry (260°0 in No. 820) 


This second series of hourly sewage samples was thus much stronger than the first, 
more especially as regards nitrogenous matter. To take a few comparative average 
figures :— y 





Series 1. _ Series 2. 
Total Nitrogen of as - - - - - - - - 4°78 10°75 
Organic Nitrogen - -,).24 99 72) (e) 5 Sh ARSE) = ior 1°71 ~ hee 
“ Oxygen absorbed "ind hours - - <- + -+-- = = 14°61 18°64 


Solids in suspension Meee = crs - = - 20°10 32°70 





\ 
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All four samples of Series 2 had a strong smell when analysed, and showed much 
sulphuretted hydrogen. The suspended solids were, for an unscreened sewage, in a fine 
state of division. The dry-weather sewage is thus a very strong one and, though 
its suspended solids are not excessive, these are partly derived from brewery waste. 


The figures of analysis of the three chance samples of sewage examined are interesting, 
and may therefore be given here also : — 





Parts per 100,000. No. 3116. | No.3172 | storm over- 
flow Liquor. 
Ammoniacal Nitrogen - . : 2 E i ; : 5:49 pai am 
Albuminoid Nitrogen - - - - - 3 : : 1-21 ra ae 
Total Nitrogen - - - - . - “ “ a ne 6-07 
“Oxygen absorbed ” at 27°C. (80°F.) at once een bes! 5-91 2:83 9-15 
” 99 Pea ROUIsA VALOIS OF RL LGC suits 26°81 10°62 12:96 
Bohdsin-suspension ) So ea 42:60 Wa 141-60 
Solids by centrifuge (vols.) - - - - - - =| 216:0 1530 — 
Ne 5°44 a a 


No. 3116 was drawn at mid-day in March, 1903, in dry weather following wet. No 
brewery waste was coming to the works at the time, but the sample had a strong smell 
of paraffin. No. 3172, drawn in dry weather in June, 1903, at 10.45 a.m., was also free 
from brewery waste. The storm water sample, No. 643, was taken on Monday, December 
7th, 1903, at 1 p.m., after the overflow had been working for 30 minutes. It contained 
as much as 142 parts of suspended solids, of which 56 parts were organic; though it 
had not much smell when analysed, it became of course very putrid upon incuba- 
tion. The desirability of settling the solids from such a storm overflow liquor is obvious. 


Bacteriological Notes.—Seven samples were examined bacteriologically. All the 
samples, with the exception of No. 657, yielded positive results with the B. coli test and 
presumptive tests for B. coli with ‘00001 c.c. (100,000 per c.c.). No. 657, a sample of 
weak night sewage, yielded negative results with the foregoing tests with ‘0001 c.c. (less 
than 10,000 per c.c.) and a negative result with the B. enteritidis sporogenes test with 
‘1 c.c. (less than 10 perc.c.). Excluding No. 657, four of the samples contained 100 and 
two of the samples 1,000 spores of B. entéritidis sporogenes per c.c. 


B.S. =Bile-salt glucose 


Nuiber of peptone test. SA 
Diecription of the B. Coli.(or gas- N.R. zs entre red broth | B. Enteritidis fe 7 
Samples. forming coli- IN _Thdol font is ie | os nd 
like microbes). | 1 py oy ne ee 
.M. =Lactose peptone 
milk test. ahs 
3116. Hartley Wintney — 100,000 N.R, 100 not 1,000 
crude sewage, 
10/3/03. 
3172. Hartley Wintney — 100,000 N.R. 100 not 1,000 
crude sewage, 
25/6/03. 
657. Hartley Wintney | 1,000 not 10,000 | 1,000 not 10,000 N.R. | Negative 4, c.c. 
crude sewage, (+ Indol) 
7/1/04. (+ Clot) 
(weak sewage.) 
817. Hartley Wintney —— 100,000 B.S. 100 not 1,000 
crude sewage, 100,000 N.R 
22/8/05. _ 
818. Hartley Wintney a 100,000 B.S. 1000, not 10.000 
crude sewage, 100,000 N.R. 
5/9/05. 
819. Hartley Wintney — 100,000 B.S. 1000, not 10 000 
crude sewage, 100,000 N.R. 
6/9/05. 
820. Hartley Wintney = 100,000 B.S. 100 not 1,000 
crude sewage, 100.000 NR. 
7/9/05. 
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SEPTIC BEDS. 


Number - ° : ~ ~ 2. 

Size of each - : : - 70’ by 10° 

Depth of water - »= + « High water, .7’ -9: 
Low water, 7’ 

(Note.—An automatic cut-off valve, 
situated in the outlet channel from the 
tank, regulates the outflow of septic liquor, 
and in consequence of this the level of 
the water in the tanks varies from time to 


time.) 
Capacity of each tank - - Mean water level, 33,000 gallons. 
Total capacity - = : - Mean water level, 66,000 gallons, 


Construction. —Both septic tanks are constructed of concrete throughout, and are 
covered with arched concrete roofs. They contain no submerged walls. | 


The sewage from the grit chambers, after Jhaving been led to the tanks by means of 
two channels, is delivered into each tank below the water level through two pipes, while 
at the outlet end it issues, again below the water level, through slotted pipes extending 
the whole way across the outlet end of the tank. : 


Flow Through. — With a dry weather flow of 50,000 gallons per day, the flow through 
the tanks, assuming it to be a continuous one, would be once in $1°7 hours at the rate 
of ‘44 inch per minute. 


Working.—The tanks are used in parallel. In consequence of there being two groups 
of filters, and owing to the fact that when one filter in each group is full the automatic 
flow of tank liquor has to stop till one or other of the filters begins to discharge, the level 
of water in the septic tank fluctuates. If the flow of sewage is small, this arrangement 
gives a reserve capacity for the irregularities in the flow and fo: the first rush of storm 
water. Ifthe flow of sewage is greater than the flow of tank liquor to the two filters 
which are filling, or sufficient, when two filters are full, to take up all the reserve storage 
in the tank, the whole of the sewage then flows over the storm-overflow. 


Sludging.—The septic tanks were brought into use in August, 1900, and from that 
time worked continuously up to the early part of 1905 without the removal of any sludge 
whatever. Towards the end of 1904, however, owing to the large quantity of suspended 
matter issuing in the tan‘ liquor, the filters became badly choked; and in the spring 
of 1905 an attempt was therefore made to obtain a better tank liquor as regards sus- 
pended matter. 


At the outlet en1 of each tank a slotted pipe, laid at the bottom of a grip in the con- 
crete, connects to a sludge well at the side of the tank. On opening the controlling valves 
of these, the head of water in the tank forces some of the sludge lying at the bottom into 
the sludge well. From there it can be liited to the land by means of a chain pump. 


By this means a fair quantity of sludge was removed on the occasion referred to, ~~ 
and trom that time the method of removing some sludge in this way about once a month 
has been followed. 


Although a considerable amount of sludge had been removed in this way at the 
en of our observations in August, 1905, its proportion to the accumulated sludge still 
lying towards the inlet end of the tank appeared to be small, and it seems evident that, 
na greater portion of the sludge is to be removed, some other plan will have to be 
adopted. 


Some smell is produced from the sludge during the operation referred to, but it 
is not great, and as the works are some distance away from any houses, no nuisance 
can be said to arise from it. 


Sepiic Tank Inquor.—Three sets of hourly samples and three chance samples of 
septic tank liquor were examined chemically. The hourly samples, Nos. 649, 652 and 
655, were drawn at the same time and under the same conditions as the first series of 
hourly sewage samples ; hence they may be taken as representing the tank liquor from 
the more dilute winter sewage. At the time they were drawn the tank had been in use 
for nearly three and a half years. 


: 
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The following figures were obtained :— 





Number 
Parts per 100,000. Average. ae sefoa Hie 
Ammoniacal Nitrogen es oy io sho % : 3 - - (2°44 to 3°51) 3:13 (3) 
Albuminoid Nitrogen - - - - - -  - = (0:63: to 0°96) 0°73 (3) 
Total Organic Nitrogen- - - - - - -* ~ (1:33 to 2°40) 1:85 (3) 
Oxidized Nitroven= == --- + -- = -= —-=-~-(0'84-in-No--655) — a 
Total Nitrogen §- -- = - “i Je . --' "> (4°77 to 5°68) 5:26 (3) 
“Oxygen absorbed” at 27°C. (80°F.) at once - A -. = (1°95 to 2°52) 2°22 (3) 

7 * dat hows ~ = ) = ee = (TS to 17-83) 13°16 (3) 
Chlorine es i ne CS (834 to 10°62) 9°44 (3) 
Solids in suspension - - : - - : - (16-1 to 24°0) 15°10 Saad), 
Solids by centrifuge (vols.) — - - - - - - (52:0 to 123°0) 730 (3) 
Ratio of solids in suspension to centrifuge solids - - (1:44 to1: 5-1) 1:47 (3) 


These three hourly sets of samples of septic tank liquor were fairly uniform as regards 
total nitrogen, but they varied greatly in their figures for ‘‘ oxygen absorbed ”’ and sus- 
pended solids. Taken all over, they apparently represent a slightly stronger liquid than 
the three hourly sets of sewage drawn on the same days. It will be seen that the last 
sample, No. 655, contained as much as 0°84 part of oxidized nitrogen; Nos. 649 and 
652 do not appear to have been tested for this, and they may possibly have contained a 
little also, in which case the figures given for organic nitrogen would be rather too high. 
The suspended solids on the three days came to 11, 10 and 24 parts respectively, the 
last sample containing a large quantity of yeast cells. 


As compared with the hourly samples of sewage, Series 1, these samples of septic 
tank liquor show very little reduction in figures, viz. : 


Calculated on :— 


Total Nitrogen - - - - + 19 per cent. reduction. 
Albuminoid Nitrogen — - z - a faa * 
“ Oxygen absorbed ” én 4 hours - Pe i. 
Solids in suspension 3 20 ers tiie ts 


The settlement effected by the tank in January, 1904, after it had been in use for 
‘three and a half years, was thus poor, both relatively and absolutely, and the liquid sent 
on to the filters, though not very rich in nitrogen, contained large quantities of suspended. 
solids and of oxidizable matter generally. 


Septic Tank Inquor, Chance Samples.—No. 3117 was drawn in March, 1903, in dry 
weather following wet. It contained about an equal amount of nitrogen to the hourly 
samples, but gave much lower figures for “ oxygen absorbed ” (6°5) and suspended solids 


($°8). 
Sample No. 783, drawn in dry weather in February, 1905, gave :— 


Total Nitrogen - : : “ 7 : k : : - 95 
“(QOxygen absorbed” in 4 hours’ - . - - - - 13:9 
Solids in suspension - ee = . enor ie eet WAY) 


It was thus much stronger in nitrogen than the first series of hourly sewage samples, 
and corresponded much more nearly to the second series taken in warm dry weather. 


No. 3173 may also be brought in here, though it cannot, properly speaking, be called 
a sample of septic tank liquor. It was drawn from the surface of a filter bed on which 
the tank liquor had stood 6 inches deep for 14 hours. No corresponding sample of un- 
treated tank liquor was taken, but the few figures obtained for No. 3178 (viz., “oxygen 
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absorbed” in 4 hours, 4°8; solids by Centrifuge 12°0) show that a very material puri- 
fication must have been effected, though mainly as regards suspended matter. When 
the bed came to be run off, this liquid would necessarily lower the general quality of the 
effluent. 
Bacteriological Notes.—Five samples were examined bacteriologically. With one 
exception (No. 783) all the samples yielded positive results with the B. coli test and neutral 
red broth test with :00001 c.c. (100,000 per c.c.). Four out of five samples yielded posi- 
tive results with ‘01 c.c. (100 per c.c.) with the B. enteritidis sporogenes test. Sample 
783 yielded lower results (+ °0001 c.c.—:00001 c.c.) with the B. coli, bile-salt glucose 
peptone, and neutral red broth tests, but higher results (+ °001 c.c. ; —:0001 c.c.) with 
the B. enteritidis sporogenes test. 





B.S. =Bile-salt glucose 
peptone test. 


Number of B. Coli |N.R. =Neutral Red Broth 


Description of the B. Enteritidis 





(or gas-forming test. R ks. 
camp ics. coli-like microbes). In.=Indol Test. pee ene ENE me 
L.P.M. =Lactose peptone 
milk test. 
3117. Hartley Wintney — 100,000 N.R. 100 not 1,000 
septic tank liquor, 
10/3/03. 
649. Hartley Wintney 100,000 100,000 N.R. 100 not 1,000 
septic tank liquor, (- indol) 
4/1/04. (— clot) 
652. Hartley Wintney 100,000 100,000 N.K. 100 not 1,000 
septic tank liquor, (+ indol) 
6/1/04. (+ clot) 
655. Hartley Wintney 100,000 100,000 N.R. 100 not 1,000 
septic tank liquor, (+ indol) 
7/1/04. (+ clot) 
783. Hartley Wintney |10,000 not 100,000; 10,000 not 100,000 B.S. | 1,000 not 10,000 
septic tank liquor, (+ indol) 10,000 not 100,000 N.R. 
14/2/05. (+ clot) . 
FILTERS. 
Number - - - - - §8.. 
Size of each - - - - 4 filters, 24’ by 23’ 9”. 
4 filters, 24’ by 24’. 
Area of each - - - - 4 filters, 63°83 square yds. each. 
4 filters, 64 square yds. each. 
Total area - - : - - 509-2 square yds. 
Depth of material - -  - 4’, (Note.—This has now risen to 
over 4’ 6”.) 
Cubic content of each -  - 4 filters, 84°4 cube yds. 
4 filters, 85:3 cube yds. 
Total cubic content - : - 679 cube yds. 
Material a ein eat - Furnace clinker broken to pass a 
2” screen and freed from dust. 
Construction - - - - Brick and cement with concrete 
SiN bottoms. 
Distribution - - - - Three lines of 6” stoneware chan- 


nels diminishing to 4”, laid on 
the top of the filtermg material 
and fed by a main 6” distributor. 


Underdraining.—The effluent is collected at the bottom of the filter by means of 
12 lines of 2” agricultural pipes laid on the filter floor. These discharge into a stone- 
ware main collector, from 4” to 6” in diameter, which connects to a cast iron discharge 
well containing the discharge valve. 
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Working.—The filters are divided into two groups of four filters each, three filters 
in each group constituting the working set. The filling and emptying is effected auto- 
matically, by means of the automatic gear constructed by the Septic Tank Company, 
Limited. 

As soon as a filter is filled, a small quantity of filtered effluent flows from the dis- 
charge valve into its actuating bucket. The fall of this bucket closes the admission valve 
to the filter and, on rising again by syphon after a proper interval has elapsed, opens 
the discharge valve and releases the contents of the filter. The discharge of a full filter 
brings about the emptying of the actuating bucket in the next filter by syphon, and the 
counterweight of this then comes into play, closing its discharge valve and opening its 
admission valve. ) | 

The gear of each set is so arranged as to fill automatically only one filter at a time, 
and the flow of tank liquor to the filters is stopped during the whole time that a filter 
remains full. The arrangement confines the fluctuations in the sewage flow to the tanks, 
and also provides for the quick filling of the filters. 


The overflow pipes from all the filters are connected into a continuous ring by means 
of a fourway cock placed at every junction. By the manipulation of this, any filter may 
be cut out or brought into the working set. 


The time taken inj filling a bed, and the length of contact given by it have varied 
considerably during the life of the beds, partly because of the loss of capacity in them, 
and partly owing to the increase in the flow of sewage which has taken place since they 
were started. During the observations, however, the beds have, as a rule, filled in about 
49 minutes, and have given a contact of about 2 hours. The number of fillings given to 
the bed per day during the observations has gradually increased. At the commence- 
ment, in March, 1903, it was 1:25 fillings for each bed per day, while at the end of 1904, 
it had increased to an average of about 2°5 per day; this, being practically the limit. 
only just enables the filters to treat the whole of the ordinary sewage flow. 


Age of Beds.—The beds were first started in August, 1900. 


Capacity.—The original empty tank capacity of all the filters together was 114,547 
the gallons, and on the assumption, therefore, that the filter material, when first put into 
bed, occupied one half of the bed space, the original total water capacity was 57,278 gallons. 


When the observations were commenced, it was intended to make several gaug- 
ings of the filter capacities. As they went on, however, this appeared to be almost 
impracticable, owing to the fact that most of the feed pipes are covered in. Nevertheless, 
the increase in the number of fillings and the change in appearance of the beds them- 
selves have been so marked that it has been possible to follow the history of the 
beds fairly completely, without actual measurements. 


At the commencement of the observations, in March, 1903, the beds were receiving 
on the average about 1} fillings per day. They appeared to be in fairly good condition 
at this time. From then to October, 1905, however, they gradually deteriorated in 
appearance, owing to the excessive quantity of suspended matter in the tank liquor, and 
at the end they presented a black, spongy, and very sodden appearance. 


The number of fillings on a dry day had also increased to an average of about 21, 
which was the maximum for the setting of the gear, so that any increase of sewage flow 
above the normal was diverted to the land. Their appearance and the difficulty of 
working them made it necessary that something should be done, and the manager there- 
fore adopted the plan of completely turning the material, so as to loosen it as much as 
possible. The filters were much improved by this, and up to the end of the observations, 
although still working ordinarily at the maximum, they have kept in fairly good order. 
But even during the dry weather which prevailed during the summer of 1905 it was obvious 
that something further than this was required, and we understand that in the near 
future they are to be riddled and washed and partly renewed. 

The chief cause of the clogging has undoubtedly been the excessive quantity of sus- 
pended matter which they have been called upon to treat ; but it is certain also that 
the furnace clinker which constitutes the material has disintegrated considerably. 

Amount of Septic Tank Inquor treated upon the filters—On the basis of a dry 
weather flow of 50,000 gallons per day, the amount of septic liquor treated by the 
filters is as follows :— 

Per square yard per 24 hours - - - 98 gallons. 
Per cube yard per 24 hours - Buah - %3-°5 gallons. 
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Effuents. Hourly Samples. —In addition to seven chance samples, three sets of 
hourly samples of effluent, Nos. 659, 653 and 658, were drawn in the beginning of January, — 
1904, at the same time as the first series of hourly sets of crude sewage and the hourly — 
sets of tank liquor ; like these, therefore, they may be taken as typical of the more dilute | 
winter sewage. Hach set was made up of equal quantities from all the contact bed dis-— 


charges for the day (fifteen in each case), taken at midilow. 


The following figures were obtained : — 
| Number of 
| 





Farber 0,000. epee Estimations, 

Winiugniacal Nifrogen <% sac: ca See en ic ros 1:16 (3) 
Albuminoid Nitrogen - - - - - - : (0:25 to 0°29) 0:27 (3) 
Total Organic Nitrogen - - - - -  - = (038 to 0°48) 0°42 (3) 
Oxidized Nitrogen - - -  - - = = = (0°85 to 1°60) 1:22 _ (8) 
Total Nitrogen ee ee (2°32 to 3:15) 2°83 (3) 
‘Oxygen absorbed ” at 27°C. (80°F.) at once -..- § {0°60 to 0-97) 0:80 (3) 

ie a in 4 hours = ee a Ae a ah UO OOD) 3°14 (8) 
Chlorine -) = 14) ae OF 8s) 3G Uae eer( 70870-9784) 8°87 rrenhs) 

_ Solids in suspension ese er i Ye (3:0 to 3°7) 3°30 (3) 
Solids by centrifuge (vols) - - -  -  «- =  (290t0350)} 31:0 (3) 
Ratio of solids in suspension to centrifuge solids - (1: 81t01:106)| 1:95 (3) 
Incubator test (Scudder) - = += - =) = . 314 LR ~ 2+ (2) 

yt okby smell) c: \-sgte ale cea ee (3) 
Smell when drawn “- (0.9) MOS DSi aris, Goatees gin (3) 
Smell when analysed =, #: 4 en FUG 640 Gee (3) 





In appearance these hourly samples of effluent were turbid and yellowish, and they 
contained about 3 parts by weight of reddish brown suspended matter of a flocculent 
character ; they were on the whole very uniform in composition. Though they all had a 
smell of sewage when drawn, this had changed to a clean earthy smell next morning. © 
The incubation results were less satisfactory than usual, but perhaps two out of the three 
‘samples withstood incubation. Nearly. half of the total nitrogen present was in the 
oxidized state, but on the other hand the effluents also contained appreciable quantities 
of unoxidized organic matter. For one contact they show a very large percentage reduc-’ 
tion in figures, when compared with the hourly samples of sewage and tank liquor drawn 
at the same time (see below), but purification had not gone quite far enough for them 
to be regarded as satisfactory, if they were to be considered final effluents. 


Compared with the hourly samples of sewage and of tank liquor, we get the 
following reductions :— 





Calculated on Sewage. Septic Tank Liquor. 
Albuminoid Nitrogen - 2 2 E é 3 . 60 per cent. | 63 per cent. reduction. 
_gLotal Organic Nitrogeh....+ ad mica) oper 75 x 17 ” ” 
Total Nitrogen - - : - - = F ui 41 F | 46 ” ” 
“Oxygen absorbed” at once ee ee 670m 64. » 
Ys - in 4 hours - : sees : 79 4 76 Pr ” 
Solids in suspension}. @@ = 9-9 =| = ae $4: SF 3 NTS aay ” 


Solids by centrifuge (vols.) -- + - <5 - - 74, 59g, BT yy ” 
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Effuents. Chance Samples. —Seven chance samples of effluent, Nos. 3118, 3174, 669, 
3549, 757, 784 and 610, were examined chemically. Six of the seven were drawn in the 
cooler months of the year, five in dry weather and two in dry weather following wet. 
Excepting No. 610, which was a sample of last drainings from a bed, all the samples were 
taken at mid-flow; the hour of drawing varied between 12.15 noon and 5.15 p.m. 


The following figures were obtained :-— 


: Number of 
Parts per 100,000. Average. iz imtiones: 








Ammoniacal Nitrogen - A - - : Z - (1:15 to 5-79) 3°20 (7) 
MmemeNioren  - = - ll CU ll (0-21 to 0°75) 0:41 ® ate (8) 
Total Organic Nitrogen - - - - - - - (0°45 to 1:22) is (3) 
eeeneteree - Cll C.-C Oto 267)| 1-02 (7) 
Total Nitrogen eee = oy, - . - b-. (8°92) to 688) 5°71 (4) 
“ Oxygen absorbed ” at 27°C. (80°F.) at once -  - (0°61 to 1:22) 0°87 (7) 

[ i PaMgiseh wae Si. u< he ~2{9-6B to 4-86) 3-26 (6) 
Dissolved Oxygen taken up in 24 hours at about 18°C. - (0°57 to 4:18) 2°36 ap. (4) 
eee Os 9 -  .) larner | - © (8:88 t0 1240) | , 1043 (3) 
Solids in suspension att eee =e Gs (4:0 to 10°6) 720 (4) 
re ernie taeold yo bee) OE 04 ld eins on! AG. (44-0 402060) 4) 480 (7) 
Ratio of solids in suspension to centrifuge solids - (1: 52to1:119)| 1:77 (4) 
Incubator test (by smell) - - - - - - - - - 2+, 5- (7): 
Sie memenereeny 180% 9) loony eoleeresdy QiAd snode box a (7) 
ee Ne Oo Bb (7) 


Q) This figure is possibly a little too high. 


In appearance thse effluents were turbid and brown, but some of them were noted 
as filtering through paper to a fairly bright liquid of brownish tinge, and this no doubt 
applied to all. They contained more suspended solids than the hourly samples of effluent. 
All of them had a sewage or tank smell when drawn, and five of the seven when analysed, 
and only five out of the seven withstood incubation. The amount of dissolved oxygen 
taken up by four of the effluents in 24 hours —even allowing for the fact of those four 
being under the general average in quality —was very large, viz., 2°4 parts approximately. 
Those effluents were thus not satisfactory if they were to be considered as final effluents, 

and that they required settlement is obvious. ‘Taken all over, these were effluents from 
the treatment of stronger tank liquors than the hourly samples of effluent. 


Tt is impossible to draw any strict conclusion as to reduction in figures, seeing [that 
only two samples of tank liquor were drawn to correspond with two of the seven chance 
samples of effluent ; but perhaps the best approximate idea will be gained by contrasting 
those seven with series 2 of the hourly samples of sewage (the dry weather series). In 
that case we get : — 3 





Calculated on Hourly Samples of Sewage: Series 2. —_——— 


Albuminoid Nitrogen - - - - - - - . - - 77 per cent. reduction. 
‘Oxygen abs rbed” at once - - : < - a - - : 83 "1 - 

y _ in 4 hours - - - ated ¢ - - - 83 5 Sy 
Solids in suspension - - - - - - - - - - 78 A A 


Three of the foregoing chance samples of effluent, Nos. 3549, 757 and 784, were 
examined both before and after filtration through paper or settlement. No. 3549 was 
the worst sample obtained from Hartley Wintney, having been drawn from a bed in 
very clogged condition, and the others were also very poor samples. Still the effect 
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produced by the removal of the solids from these effluents was very marked. The respec- 
tive comparative figures may be given here : — 


No. 3,549. No. 757. No. 784. 












aries LUO E00, Original. | Filfored.| Orioinals!| Selodaeeaeenem 







Filtered. 


Original. 














Antmontacal Nitrogen 2s (o. -Deb ee ROOK) ese 304 | 331 | 332 
AnimineidNiecoeen = le | 0-TO ae 46 0:31 034 | 031 
Total Organic Nitrogen - 1:22 1:66 0°46 
Nitric and Nitrous Nitrogen-| 0-0 0:0 0-27 ap. |O-27ap.} 1-01 101 | 101 
“Oxygen absorbed” af once -| 122 | . 0-65 0-61 045 | 0-76 056 | 052 


in 4 hours 4:86 3°08 2°65 1:35 3°01 2°78 1°73 


9) 39 


Dissolved Oxygen takenupin| 418 2:07 OS7 naib 0:09 2:28 | O52 | 0:45 
24 hours. in 48 hours. 

Incubator test (by smell) = - - = = 4 2 Ee ss 

Solids in suspension - -| 106 8-9 5:3 . 

Solids by centrifuge (vols.) -| 55:0 106:0 40:0 





(1) Probably rather too high. 
* After incubation for 13 days, this filtered sample had taken up over 12 parts of Oxygen. 


Bacteriological Notes.—Ten samples of effluent were examined bacteriologically.. 
As regards the B. Coli test and presumptive tests for B. Coli, the worst samples yielded 
positive results with ‘00001 c.c. (100,000 per c.c.); the best samples positive results with 
‘001 c.c. (1,000 per c.c.) ; and about half the samples positive results with -0001 c.c. 
(10,000 per c.c.). Most (7 out of 10) of the samples contained less than 100 spores of B. 
enteritidis sporogenes per c.c. 

B.S. = Bile-salt glucose 


‘peptone test. 


Number of Paar 
ee : N.R. = Neutral red broth | B. Enteritidis 
Description of the B. Coli (or gas- hawt: sporogenes Phar 


Samples. forming coli-like 
. In.=Indol test. test. 
SOMES) L.P.M. = Lactose peptone 
wi A 
3118. Hartley Wintney |10,000 not 100,000} 1,000 not 10,000 B.S. 10 not 100 
filter effluent, (+ indol) 10,000 not 100,000 N.R. 
10/3/03. (+ clot) 100,000 In. 
3174. Hartley Wintney a 100,000 N.R. 100 not 1,000 
filter effluent, 
25/6/03. 
610. Hartley Wintney 100,000 100,000 N.R. 10 not 100 
filter effluent, (+ indol) 
28/9/03. (+ clot) 
650. Hartley Wintney | 1,000 not 10,000 | 1,000 not 10,000 N.R. 10 not 100 
filter effluent, (+ indol) 
4/1/04. (+ clot) 
653. Hartley Wintney |10,000 not 100,000] 10,000 not 100,000 N.R. 10 not 100 
filter effluent, (+ indol) 
6/1/04. (+ clot) 
‘656. Hartley Wintney |10,000 not 100,000] 10,000 not 100,000 N.R. 10 not 100 
filter effluent, (+ indol) 
7/1/04. (+ clot) . 
‘669. Hartley Wintney |10,000 not 100,000} 10,000 not 100,000 N.R. 10 not 100 
filter effluent, (+ indol) 
7/3/04, (+ clot) 
3549. Hartley Wintney 100,000 100,000 B.S. 1,000 not 10,000 
filter effluent, (+ indol) 100,000 N.R. 
5/10/04. (+ clot) 
757. Hartley Wintney | 1,000 not 10,000 | 1,000 not 10,000 B.S. 10 not 100 
filter effluent, (+ indol) 1,000 not 10,000 N.R. 
28/11/04. (+ clot) 
784. Hartley Wintney |10,000 not 100,000! 10,000 not 100,000 B.S. | 100 not 1,000 
filter effluent, (-+/indol) 10,000 not 100,000 N.R 


14/2/06. (— clot) 
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| LAND. 

Owing to the fact that the land treatment did not come within the scope of our 
observations, we have paid little attention to it. But it may be stated that the land 
has an area of approximately five acres, three of which are available for the treatment 
of the filter effluent, while almost the whole of it is available for sewage and sludge; 
it consists of a stiff loam surface soil overlying gravel, and it is not under-drained. 

The filter effluent is distributed by. means of grips cut in the soil. being collected 
again and delivered at one outlet. 

Some osiers are grown on the lower part of the land, but otherwise it is not cropped. 


SUMMARY. 

The dry-weather sewage is very strong, and, although its suspended solids are not 
excessive in quantity, these are partly derived from brewery waste, and are therefore 
probably of a somewhat refractory nature. There is a large infiltration of subsoil 
water into the sewers, even in dry weather. 

With regard to the settlement of solids effected by the septic tanks, our observations 
have of necessity been limited ; but, so far as they have gone, and judging from the 
general appearance of the tank liquor, the settlement has been poor. This may be ascribed 
to the fact that no sludge was removed from the tanks for a period of 34 years from their 
installation, and also to the solids of the brewery waste being largely of a light and fer- 
mentable character. The only method at present of removing sludge from the 
tanks is by means of a 6-inch slotted pipe, laid in a grip in the concrete at the 
bottom of each tank, close to the outlet end ; this delivers to a sludge well, from which 
the sludge is lifted by means of a chain pump. Although a considerable quantity of 
sludge is now removed in this way, we think that the heavier matter over the whole floor 
of the tank can be but little affected. It would probably have been advisable —in the 
interests both of the filters and of the septic tanks—to have had larger grit chambers than 
there are at present, and, instead of one cleansing pipe only, to have had several 
extending to the inlet ends of the septic tanks, so as to allow of a fair proportion of the 
accumulated sludge being removed periodically. Since only a comparatively small 
quantity of sludge has, so far, been taken from the tanks at intervals from the spring 
of this year (1905), its disposal has presented no difficulty. 

After 5 years’ work, at a rate varying from one filling per day at the commencement 
to 24 fillings per day in September, 1905, the beds had got into such a condition as to 
necessitate either riddling, washing, or renewal of the material, and this, notwithstanding 
the fact that the whole of the clinker in the filters had been turned over in the spring 
and summer of 1905. } 

The tank liquor is organically a strong one, and sinceit has also up to now contained large 
quantities of suspended matter, the comparatively short life of the filter bedsis notsurprising. ° 

No gaugings of filter capacity have been made owing to the difficulties which 
stood in the way. 

The automatic gear for filling and emptying the filter beds works fairly well, but 
requires a considerable amount of attention ; owing to the occasional clogging of the 
syphons it cannot safely be left to itself for any great length of time. Ifat any moment 
a syphon does choke, the sewage is backed up and then overflows on to the land. 
Probably the gear would be much less lable to block if the sludge were emptied from 
the tanks more frequently, leaving the tank liquor freer from matters in suspension. 

The automatic gear effects a considerable saving in labour; it may be said to save 
the whole time of a night man and a large part of the time of a day man. Its chief 
disadvantage, apart from the question of having additional filters for the treatment 
of storm water, lies in the fact that, owing to the peridd of contact being virtually 
constant, the total number of fillings is restricted (at its present setting 20 per day) over 
the whole of the 8 beds, 7.c., 25 fillings for each bed per day. 

For one contact of a strong septic tank liquor, the filter effluent showed a very large 
percentage reduction in the figures of impurity, but it would not be considered as sufficiently 
purified if looked upon as a final effluent. The filter effluent is finally purified on land. 

During sludging operations there is considerable smell, and occasionally some smell 
is also apparent from the ordinary working of the process. The sewage works being, 
however, well removed from all dwellings and high roads, no public nuisance may be said 
to arise from them. 

In conclusion, we would like ‘to express our thanks to Mr. L. L. Warren, the Works 
Superintendent, for assistance given us throughout our observations. | 
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HENDON SEWAGE WORKS. 


(Henpon Urpan DistRicr CouNCIL.) 





_ Method of treatment 4 > i 


. Population draining to works during 


observations u ; 5 


. Water supply in gallons per head 


and whence obtained 


. Number of w.c.’s_- 2 2 3 
. Sewerage system - 2 = 2 


. Average dry weather flow of sewage 


in gallons per 24 hours - - 


. Gallons of sewage per head per 


94 hours 


. Character of the sewage* 2 is 


Period of observations - z £ 


Age of (a) contact beds (b) perco- 
lating filters 

Amount of storm water treated 

during observations 


Total capacity of settling tanks in 
gallons - - - - . 
Total area of (a) high level perco- 
lating filters (b) contact beds in 
yards super 
Cubic content of (a) high level perco- 
lating filters (b) contact beds in 
yards cube. 
Nature of filtering material : 
(1);Contactibedsisecig i ta hee 


(2) Percolating filters - = 
Gallons of precipitation liquor treated 
per yard super (based on the dry- 
weather flow). 
Gallons of precipitation liquor treated 
per yard cube (based on the dry- 
weather flow). 


About one mile from centres of population, 
some large houses being within half a 
mile. 

Chemical precipitation and_ filtration 

through percolating filters, followed 

by either (1) contact beds or (2) 

secondary percolating filters. At night 

the effluent from the high level per- 
colating filters is passed on to a plot of 
prepared land. 


23,500. (estimated averags). . 

About 39 gallons. From the West Mid- 
dlesex, Colne Valley, and New River 
Companies. 

About 7,000 

90 per cent. of built area on the partially 
separate system, the remainder on the 
combined system. 


950,000. 
40:4. 


(1) High level sewage. A laundry sewage 
of rather under average strength. : 

(2) Low level sewage. A strong domestic 
sewage. 

October, 1902, to September, 1905. 

(a) Constructed in 1898, 1899, and 1900. 

(b) First used in 1887; Nos. 1, 4, and 6 
reconstructed in 1902 and 1903. 

Not more than six times the dry weather 
flow is treated in the tanks. Three 
times the dry weather flow is treated on 
the filters. 

(1) High Level, 480,000; Low Level, 
210,000. 


(a) 16,000. (b) 2,400. 


(a) 10,000. (b) 4,000. 


Coke breeze, burnt ballast, and broken 
bricks. 
Burnt ballast, and burnt ballast and soil 


37 


o7 


19. The final effluent is discharged into- The river Brent. 


very large number of laundries. 


* The district is, for the most part, a residential one, but it contains some manufactories, and also a 
Except for a mineral water manutactory which discharges its wash water 


into the sewers, the manufactories are not of a kind to affect the sewage; but the numerous laundries 
all send their waste waters into the system. 
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TOTAL FLOW FOR THE DAY .= 890.240 GALLONS 


Nore :- The heavy fluctuations of Flow shewn in the above Charts are due to the 


pumping of part of the sewage. 
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Diagram M? 
DIAGRAMS SHOWING Low LEVEL FLOW OF SEWAGE AT HenDon 





AS FALLING OVER A Weir 18 wide. : 
Note:- Over a Weir 18° wide 2:25 inches = a rate of 211,680 gallons per 24 hours. 
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FLOW OF SEWAGE. 


Owing to the inclusion of surface water from some of the streets, and also of the 
back roof and yard water from the whole district, the flow of sewage becomes 
much swollen in times of storm. 


Both the main outfall sewers are capable of carrying six times the dry-weather flow, 
and, as they occasionally run full, this quantity is brought to the works. Any 
additional volume is diverted by means of six overflows on the high-level system and 
the same number on the low-level system. 


The whole of the storm-water sewage brought to the works (7.¢., six times the dry- 
weather flow) is passed through the respective tanks, but, as a general rule, not more 
than three times the dry-weather flow are given double filtration, the remaining three 
dilutions being sent to the river after single filtration. 


By means of two automatic recorders placed in the inlet channels, continuous 
measurements of the daily flows of both sewages were made over a period of rather more 
than three weeks, in October and November, 1908. During the early part of this time, 
the weather was wet, and as both flows are affected by rain for a considerable time after 
the fall has ceased, it is more than probable that the flows recorded during the dry 
weather which prevailed later do not represent the absolute dry weather flows. It has 
been possible, however, from these gaugings, together with figures which have been 
supplied to us by Mr. Grimley, the Engineer and Surveyor to the Council, to form 
the following approximate estimates of the dry weather flows during the years of 
observation :-— 





High level sewage - . : - ; 650,000 gallons per 24 hours. 
Low level sewage OME} <2 - 800,000 gallons per 24 hours. 
Total flow of sewage 950,000 gallons per 24 hours. 


Owing to the pumping, at three stated periods in the day, of the sewage from the 
lower sewerin the Hendon and Mill Hill system, the flow of high level sewage is subject 
to considerable variations in dry weather. At the time of the gaugings it varied from 
‘maximum rates of about 15 million gallons per 24 hours, occurring at 12 noon, 4 p.m., 
and 6 p.m., to minimum rates of rather more than 300,000 gallons per 24 hours, in the 
early hours of the morning. 


The flow of the low level sewage during dry weather is of an even character, falling 
gradually from a rate of about 420,000 gallons per 24 hours, which continues steadily 
from 10 am. to 9 p.m. to a rate of about 220,000 gallons per 24 hours during 
the might. } 


In wet weather the flows of both sewages are also of an even character; but they 
become uneven when heavy showers fall upon ground which is already wet. 


Subsotl Water.—The night flows of both sewages are heavy, and are also affected for 
some days after rain has ceased. We think it is to be inferred, therefore, that in 
addition to water leaking from taps, a quantity of ground water gains access to both 
systems. 


On Diagrams M’* and M’ are given some illustrations of the sewage flows at 
Hendon. 


High Level Sewage.—Four sets of hourly samples were examined chemically. The 
first set, No. 622 was drawn on Monday-Tuesday, October 19th-20th, 1903, the rainfall 
for the 24 hours amounting to 0-09 inch. Further rain stopped the sampling at the 
time and the remaining three sets, Nos. 3291, 3299 and 3307, were not taken until 
Monday-Thursday, November 9th-12th, 19038, the rainfall for these three days being 
0:09, 0:00 and 0°01 inches respectively. The previous week was dry, but the ground 
was still wet from October rains. Sample No. 3291 was noted as being rather dilute, 
and the flow over the three days may be taken as being rather above the normal. 
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The first set, No. 622, was distinctly weaker than the other three,—about one-fourth 
weaker, and it has therefore been thought best in the first instance to average the figures 
from the last three samples alone, as this average may be taken to represent the quality 
of the drv-weather flow of the high level sewage in the month of October in a wet 
year. Excepting that the third sample, No. 3307, contained less suspended solids than 
the other two, the three sets were almost identical in composition. 


It may be observed that Monday is the clothes-collecting day from the laundries at 
Hendon, and Tuesday, Wednesday and Thursday are washing days. 


The following figures were obtained :— 




















Parts per 100,000. | Average. | jammer of 

Total Nitrogen <°= =) (4 %==)- (+ se nL OU ORD 5:27 (3) 
“Oxygen absorbed” at 27°C. (80°F.) at once - - - - (2°84 to 3:04) 2°94 (3) 

e . ‘ . in4hours - — - (10°23 to 11°71) | = 11°01 (3) 
Chlovine <7"5-€2 Ser iatey iS ©) Se - + = (6°48 to 7:32) 701 (3) 
Solids in suspension = 12 te. | =e ens LOO ketones 23°90 (3) | 
*Solids by centrifuge (vols.) - -  - - - + 206:0 and 244:0) (2) | 
Ratio of solids in suspension to centrifuge solids - - 1:82 and 1:8°6) (2) 
“Cellulose” (by alkali, acid and ether) - - -~ - (5°64 and 5-24) (2) 
Ratio of “cellulose” to suspended solids- - - - (1:45 and 1:5-4) (2) 





ee eer 


The following are the average figures of the four sets of hourly samples, Nos. 622, 
3,291.3,299 and 3,307, taken altogether ; the inclusion of the first set slightly weakens 
the whole average :-— | 














Parts per 100,000.| Average. ee 
‘ 
Ammoniacal Nitrogn-  - - - - - + - (262 ) (1) | 
Alhumineid Durouen esata are ae aoe Gian ) (1) 
Total Organic Nitrogen, °\ =.) |<.) Sa ane eee lea) ) (1) 
Total Nitrogen - 455 =) ee 4 Geen ge 4'98 (4) 
“Oxygen absorbed” at 27° C. (80° F.) af once - - - (2°08 to 3:04) 2°58 (4) 
f S J , mahurs  -  - (899 to 11°71) 10-50 (4) 
Chlorine"! 5.81 FOS SEN Oe teas ENE Renn atom so) 6:59 (4) 
Solids in suspension! «=; .:-\) isi ndcuees s+ ge REE EEL lk moO 22°70 (4) 
Solids by centrifuge (vols.) - - - - - - = (163-0 to 244-0) | 2040 (3) 
Ratio of solids in suspension to centrifuge solids - - - (1:82t01:86)| 1:85 (3) 
“Cellulose” (by alkali, acid and ether) -- = = 4 (6-64 and:6°24)3, (2) 
Ratio of “cellulose” to suspended solids - - - (1:43 and 1:54) (2) 





Low Level Sewage.—F¥our sets of hourly samples of low level sewage, Nos. 624, 3,293, 
3,301 and 3,309 were drawn at the same times and under exactly the same conditions 
as the high level samples. Here, again, the first set, No. 624, was not quite so strong 
as the other three, though the difference was less in this case. 





* The solids.in the third sample were too coarse for the centrifuge tube. 
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The following average of the figures of the last three sets may be taken as represent- 
ing the quality of the dry-weather flow of the low level sewage in the month of October 
of a wet year; the three sets were almost identical in composition :— 





Parts per 100,000. | Average. in een a 

eermrareN i}. ty hal: <r sat} pyaby tet a (OL tOe 20) 6°54 (3) 
“Oxygen absorbed ” at 27° C. (80° F.) at once - - = (412 to 4:97) 4°42 erent) 

fe . ‘ : » m4&hours - - (1688t01814) | 1755 (3) 
eee sl CU (98 to 8°58) 8:25 (3) 
Solids in suspension eer) Geil - yh PS ee (82:5 to 850). |) 733/40 (3) 
*Solids by centrifuge (vels.) - - - -  -  - (3660 and 450-0) (2) 
Ratio of solids in suspension to centrifuge solids — - (1:11°3 and 1:12°9) (2) 
“Cellulose” (by alkali, acid and ether) - - - - (6°52 and 5:84) (2) 
Ratio of “cellulose” to solids in Pee ori - - - (1:5°0 and 1:56) : (2) 








The following are the average figures of the four sets of hourly sampies, Nos. 
624, 3293, 3301 and 3309, taken altogether; it will be seen that they differ but 
slightly from the average figures of the three last sets, which have just been given. 
A sample of weakest night sewage, No. 3806, drawn on Wednesday, November 
11th, 1908, at 5.80 a.m., was also examined partially, and its figures of analysis are 
likewise appended ‘here. 

















barat No. 3306. 
Parts per 100,000. | Average. | Fos: nations. Ne ycger te 
Ammoniacal Nitrogen - - - - - - (3°46) (1) 1:24 approx. 
Albuminoid Nitrogen eye te sere i (0°97) (1) 
Total Organic Nitrogen - - - -~ - - (1°83) (1) 
Total Nitrogen - - - - - = (5°29 to 7:25) 6°54 (4) 
“Oxygen absorbed” at 27°C. at once - — - (3°12 to 4:97) 4:09 (4) 

Os F » mahurs - (15-07 to 18-14) 16:93 (4) 2°39 
cope 6 ie i (6°42 to 8°58) 7:80 (4) 5-18 
Solids in suspension - - - - - (8250350)! 33-20 (4) 0:92 
Solids by centrifuge (vols) - - - (3000 to 450-0) | 372-0 (3) 13°3 
Ratio of solids in suspension to centrifuge - (1:91 t01:129)| 1:11 (3) 1: 145 
FS Cellulose” hy alkali, acid and ether) - (6°52 and 5°84) (2)... 

Ratio of “cellulose” to suspended solids (1:5-0 and 1: 5°6) (2) 


ca 





It is seen from the figures of analysis that the high-level sewage is one of about 
average strength, but with only 24 parts of suspended solids, while the low-level 
sewage is of distinctly over average strength as regards oxidizable matter, as 
measured by the “oxygen absorbed” test, and with 83 parts of suspended solids. 
These solids in the hourly samples of low-level sewage were noted as being very 
coarse in character, the second sample containing fragments of straw, the third sample 
pieces of rag, and the fourth sample coarse pieces of fibre. 


The respective dry-weather flows of the high-level and low-level sewages have 
already been given as 650,000 and 300,000 gallons per 24 hours. Taking, therefore, 


the figures of analysis given by the hourly samples of each of these, and averaging 





* The solids in the third sample were too coarse for the centrifuge tube. 


them according to their relative volumes, we get a mixed sewage of the followmg 
composition. ‘Ihis mixed sewage is what the precipitation tanks and filters at Hendon 
have to treat; it may be taken as a sewage of distinctly over average strength, | 
excepting in the matter of suspended solids, which are not high. | 

Column I. gives the average mixed sewage, calculated from the six samples, Nos. 
3291, 3299 and 3307 (high-level), and 8298, 3301 and 3309 (low-level) ; they there- 
fore represent the whole dry-weather flow in October of a wet year. Column II. 
gives the average mixed sewage, calculated from the whole of the eight hourly sets 
examined :—- 











Mixed Sewage. 1 Il. 

Total Nitrogen - - - - - - : - ; : 5 67 5:37 
“Oxygen absorbed” at 27°C. (80° F.) at once - - : : 3-41 3-06 
” ” 09 09 » wm 4 hours - = : A 13°08 12°53 
Chlorine . - - - - : : : : 2 7-40 6:97 
Solids in Suspension - - - - - : - < 96:90 26-0 


A further ordinary chance sample of low-level crude sewage, No. 8024, drawn in 
dry weather, on Monday, October 18th, 1902, at 1 p.m., was roughly of about the 
same strength as the average samples. 

No. 3306, the sample of weakest night sewage, drawn on Wednesday, November 
11th, 1903, at 5.30 am., in dry weather, was distinctly weak, with hardly any 
suspended matter; unfortunately, no notes were made as to whether or not it was 
tested for nitrate. 

Bacteriological Notes.—Only two samples of crude sewage were examined. Sample 
3306 yielded positive results with the B. coli and neutral red broth tests with 00001 
c.c. (100,000 per c.c.), and contained 100 spores of B. enteritidis sporogenes per c.c. 
Sample 8309 yielded positive results with the B. coli and neutral red broth tests with 
‘0001 c.c. (10,000 per c.c.), and contained 1,000 spores of B. enteritidis sporogenes 
per ¢.C. 


B.S.=Bile-salt glucose 


~ ‘ peptone test. 
I oa Number of B- N.R.=Neutral red broth fea 
Jescription of the coh (or gas-form- Lae B. enteritidis Tianhe 
Sample. ing coli-like tin ieee sporogenes test. : 


| microbes). L.P.M.=Lactose  pep- 





























| tone milk test. 
3306. Hendon crude | 100,000 109,000 N.R. 100 not 1,000 
sewage, 11/11/03. | (+-indol) 
(+ clot) 
3309. Hendon crude |10,000 not 100,000) 10,000 not 100,000 N.R. | 1,000 not 10,000 
sewage, 12/11/03. (+-indol) 
/ (+ clot) 
SCREENS. 


Both sewages pass through vertical screens of half-inch mesh, before flowing into 
the precipitation tanks. There are no grit chambers at Hendon. 


PRECIPITATION TANKS. 
High Level Tanks. 


Number . : - - - 8. 
Size of each - - . - - 79 feet by 64 feet. 
Depth of water - . - - § feet 6 inches. 


Capacity of each 
Total Capacity 


160,000 gallons. 
480,000 gallons. 


t 
' 
‘ 
1 


7 
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Construction.—The high level precipitation tanks are constructed of brick and 
cement walls with concrete bottoms, and are fitted with sludge valves and floating 
arms. Each tank also contains a wall extending about two-thirds of its length along 
the centre of the tank. 


Precipitant.—Alumino-ferric is the precipitant used for the high level sewage. 
It is added in the form of a solution, made by running town’s water on to blocks of the 
precipitant placed in a box with a false bottom. The quantity added is equivalent to 
about 5 grains per gallon on the dry weather flow. 


Flow Through.— With a dry weather flow of 650,000 gallons per 24 hours, the flow 
through the two tanks generally in use at one time would be once in 12 hours, at the 
rate of 3 inches per minute. 


Working.—The plan of working the high level tanks is as follows :—Two tanks 
are always in. use at one time. They are used in series. No. 1 tank, which 
is always employed as a first tank, is cleaned twice a week, on Monday and 
Friday. No. 2 tank, which is used alternately as a first or second tank, is cleaned 
once a week, on Wednesday; and No. 8 tank, which is used as a second tank, is 
cleaned once a month. 


Sludging.—At the,end of its regular period of use, the tank to be sludged is cut out 
of the series and allowed to rest for a few hours. The supernatant liquor is then run 
off by means of a floating arm and treated upon the smaller earth filters, while the 
remaining sludge is allowed to gravitate to a large sludge well, from which it is pumped 
into trenches cut in the land. 


As the sludges from both the high level and low level tanks are mixed, the method 
of dealing with them is described below under ‘‘ Low Level Tanks.” 


Low Level Tanks. 


Number - - - : - men: 

Size of each - - - - 50 feet by 46 feet. 
Depth of water - - : - - § feet 6 inches. 
Capacity of each - ; - - 70,000 gallons. 
Total capacity - - - - - 210,000 gallons. 


Construction.—The low-level tanks are constructed of brick and cement walls with 
concrete bottoms, aad are fitted with sludge valves and floating arms. Each tank also 
contains a wall extending about two-thirds of its length elong the centre of the tank. 


Precipitant.—The general precipitant used for the low level sewage is Alumino- 
ferric. The quantity added is equivalent to about 6 grains per gallon on the dry 
weather flow. 


On the days of strongest sewage (Tuesdays, Wednesdays and Thursdays), a sclution 
of Copperas, equivalent to about 6 to ‘75 grain of crystallised salt per gallon, is also 
added to the low level sewage. 


Both precipitants are added in the form of solution, made by running town’s water on 
to the solid substances, the resultant liquids being mixed with the sewage by means of 
baffle plates in the inlet channel. 


Flow Through.—With the dry weather flow of 300,000 gallons per 24 hours through 
the two tanks generally in use at one time, the flow through would be once in 12 hours, 
at the rate of 3 inches per minute, 


Working.—The working of the low level tanks is exactly the same as that of the high 
level tanks. Two tanks worked in series are in use at one time. Ne. 1 tank, 
which is always used as a first tank, is cleaned twice a week, on Monday and 
Friday. No. 2, which is used alternately as a first and a second tank, is cleaned 
once a week, on Wednesday ; and No. 3, which is always used as a second tank, is 
cleaned out once a month. 


Sludging.—At the end of its period of use, the tank to be sludged is cut out of the 
series and allowed to rest for a few hours. The supernatant liquor is then run off by 
means of a floating arm and treated upon the smaller earth filters, the sludge being 
allowed to gravitate subsequently to a large sludge well. In this well both sludges are 
mixed together and then pumpea up into furrows cut in the land, these furrows being 
covered over as soon as the sludge has dried sufficiently. 
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iqui i 1 tanks together) 

The total amount of liquid sludge (from high level and low level 9 

Remy nit the tanks weekly, is about 400 tons. Approximately, nine acres of land 

are set apart for its disposal, the two halves being alternately sludged and 
cropped in successive years. The crops grown are mangold wurzel and cabbage. 


The method is effective, and although some nuisance arises during the pumping of 
the sludge, and also as the sludge lies drying in the furrows, we have not considered 
it serious when taking the situation of the works into account. 


We understand that the crops grown are good. 


Precipitation Liquors.—Four sets of hourly samples, both of high level and low 
level precipitation liquor were examined, these having been drawn at the same times 
and under the seme conditions as the hourly samples of sewage. 





Hk Tr Pin ow a 8,68 dase. | 
Ammoniacal Nitrogen - - - - - -  - ~ = (2°96 to 4:11) 3°51 (4) 
Albuminoid Nitrogen - - - - - - = = (0°40 to 0°44) 0°43 (3) 
Total Organic Nitrogen - 9=- = - =" | = * =) SNNSN, 9 e"8(0°60 to 0:74) 0°68 (4) 
Total Nitrogen .s=) Si sy = \- Se EEE eine 8:62) tor, a (4) 
“ Oxygen absorbed ” at 27° C. (80° F.) at once - - - 1:24 to 182) 1:48 (4) 
F, e ‘ » » im &hours- -  - (429 to 6:08) 5:20 (4) 
Chlorine I Ce ee A i se 6°67 (4) 
Solids in suspension =; =~ | ee sr 7) (4) 
Solids by centrifuge (vols.) -  -  - -  - - = (21:0 to 58:0) 420 (4) 
Ratio of solids in suspension to centrifuge solids - - (1:47 to 1:11°4) 1:78 (4) 








A chance sample, No. 3,176, drawn in dry weather on June 29th, 1903, at 1.10 p.m. 
gave the figures :—Total nitrogen, 6°36; “Oxygen absorbed” in 4 hours, 4°77. 
Suspended solids, 4:0. It was thus more nitrogenous, but otherwise much the same 
in composition as the hourly samples. 


Low Level Precipitation Liquor—lFour Hourly Sets., Nos. 624, 3294, 3302 Number of 





and 3310. Parts per 100,000. | “VYeT@8° | Fstimations. 

Ammoniacal Nitrogen..- 1) -_.. =) eas ane ane ECS OS tone t ts) 4:54 (4) 
Albuminoid Nitrogen’ =~ 7s BE Se oo eco 0-67* (4) 
Total Organic Nitrogen - - - -.> = = = = (0:64 to 2-084) 1:24 (4) 
Total’ Nitrogen 2) 2 a ee BE 5:80 (4) 
“Oxygen absorbed” at 27° C. (80° F.) atone - - ~- (1:12 to 2:04) 1:67 (4) 

: : er ee eee A 6:52 (4) 
Chloring = =) = 5 ee en ee gene aa 8:07 (4) 
Solids in Suspension - - - - - - = =~ (260 to 4°50) 3:70 (4) 
Solids by Centrifuge (vols.) - - - - = = + (15:0 to 42:0)| 30:0 (4) 
Ratio of solids in suspension to Centrifuge solids - - (1:5°9t01:11-7) | 1:8-0 veop( A) 


A chance sample of low level precipitation liquor, No. 3,175, drawn at 1 p.m., on 
June 29th, 1903, in dry hot weather, gave the figures :— 


Total nitrogen- —- - - “ . 2 - - - 774 
“ Oxygen absorbed ” in 4 hours - R mrs fe - 5°14 
Suspended solids — - - - - : : - - - 2°84 


* This figure is probably a little to high. + These two numbers are possibly rather too high. 


- 
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Here, again, this sample was distinctly stronger in nitrogen than the hourly samples, 
but weaker as regards “oxygen absorbed ” and suspended solids. 


Lastly, two chance samples of mixed tank liquors (high and low level together), 
Nos. 3,025 and 3,177, drawn about 1 p.m. in October, 1902, and June, 1903, in dry 
weather, gave-:— 


“Oxygen absorbed” cn 4 hours - - - - - 5°15 and 4:79 
Solids in suspension (calculated from the 
centrifuge figures) - - - - - 3:0 approx. and 3:0 approx. 


These mixed liquors, as measured by the above two tests, were thus of practically th® 
same strength as the hourly samples. 


Comparing the two precipitation liquors, we find, as in the case of the 
sewages, that the low level liquor is distinctly the stronger, excepting in the matter 
of suspended solids. In other words, the sewage with the greater quantity of solids 
has become the liquor with the lesser quantity, but in both cases the precipitation is 
fairly good. Apart from the fact that copperas is used as well as alumino-ferric in the 
precipitation of the low level sewage on certain days, the coarser solids in that sewage 
have evidently aided in the precipitation of the finer particles. 


If, as in the case of the hourly samples of sewage, we average the figures of analysis 
of the hourly samples of high level and low level precipitation liquors, according to 
their relative volumes (650,000 and 300,000 gallons per 24 hours), we get a mixed 
precipitation liquor of the following composition, this being the liquor which the filters 
have to treat. It will beseen that it is not a very strong liquor organically, and that 
it is comparatively free from suspended matter. It has not been thought necessary 
here to differentiate between the last six sets and the whole eight sets together, though 
the difference is proportionally rather greater than in the case of the sewages. 








Mixed Precipitation Liquor (Eight Hourly Sets). Parts per 100,000. Average. 
MrmaarieN@gropenm = - a 3:83 
Albuminoid Nitrogen - - - - - - : = - : : a : : 0-51 
Total Organic Nitrogen - - = RS - - z 4 Ret : : 0-86 
Total Nitrogen - - - - - - - : 3 3 J 3 z ES 4-60: 
“ Oxygen absorbed” at 27°C. (80°F'.) at once - SiMe. Lee Rm So SEE TES. 1°50: 

. ‘5 Pema bi ENA OUTS so oe ee ee, Ss 5-61. 
Chlorine - sus - - - - - - A : . A : z A 7-11 
Solids in suspension” - a hie é & 4 f 2 _ }. - Z ‘ : 4:93: 
Solids by centrifuge (vols). - - - + - ae : ‘ 3 eZ i i 38-0 
Ratio of solids in suspension to centrifuge solids - - - : < : : -| 1:79 





Comparing (a) the eight hourly samples of the two precipitation liquors with the. 
eight hourly samples of the corresponding sewages, and (4) the (calculated) mixed | 
precipitation liquor with the (calculated) mixed sewage (eight samples of each), we. 
get the following reduction in figures :— 











Calculated on :— High Level. Low Level. Mixed. 
Total Nitrogen - - 9 -  -- 19 per cent. 11 per cent. 14 per cent. reduction 
“ Oxygen absorbed "in dhours - 50 5 G1 34; 55 ” os 
Solids in suspension - - - 1 (3 Valet 30a. ss 81 - e 
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Bacteriological Notes—With one exception all the seven samples of precipitation 
liquor yielded positive results with 00001 c.c. (100,000 per c.c.) with the B. coli and 
neutral red broth tests. As regards the B. enteritidis sporogenes test, two samples _ 
contained 10, four samples 100, and one sample 1000 spores of this anaerobe per c.c. 











B.S.=Bile-salt glucose 


peptone test. 


Description of the Bate caste ait N.R.—Neuiral red broth B. enteritidis 
Becere w. : test. ; Remarks. 




















Sample. ing coli-lke Telndok taste sporogenes test. 
pasha L.P.M.=Lactose _ pep- 
tone milk test. 

623. Hendon high level 100,000 100,000 N.R. 100 not 1,000 
precipitation liquor, - (+ indol) 
20/10/03. (+ clot) 

3292. Hendon high 100,000 100,000 N.R. 100 not 1,000 
level precipitation (+ indol) ) 
liquor, 10/11/03. (+ clot) 

3300. Hendon high 100,000 100,000 N.R. 10 not 100 
level precipitation (+ indol) 
liquor, 11/11/03. (+ clot) 

3175. Hendon low — 100,000 N.R. 100 not 1,000 


level precipitation 


liquor, 28/6/03. 


3294. Hendon low {10,000 not 100,000) 10,000, not 100,000 N.R.|.. 100 not 1,000 
level precipitation (+ indol) } 
liquor, 10/11/03. (+ clot) ; 


3302. Hendon low 
level precipitation 


liquor, 11/11/03. 


3310. Hendon low 
level precipitation 


liquor, 12/11/03. 


100,000 100,000 N.R. 1,000 not 10,000 
(= indol) ) 


(+ clot) 
100,000 100,000 N.R. 


(++ indol) 
(+ clot) 


10 not 100 








HIGH LEVEL PERCOLATING FILTERS. 


Number 


Total area - : m ~ 


- - - : : - 6. 
- 3°48 acres. 


Total cubic content of filters in use in 


October, 1903 : ptecre ee 


- Approximately, 10,000 cube 
yards. 


Depth of material (October, 1903) :— 


New Filters :— 

No. 1 bed, 4 feet deep. 

No 4 bed, 3 feet 6 inches deep. 

No. 6 bed, 4 feet 6 inches deep. 
Old Filters :— 

No. 2 bed, 2 feet deep. 

No. 3 bed, 2 feet deep. 

No. 5 bed, 2 feet deep. 


Material (October, 1903) :— 


Beds Nos. 1, 4 and 6:— 

Burnt ballast under 2 inches 
diameter, and over 3 inch 
diameter. 

Beds Nos. 2, 3 and §:— 

12 inches burnt ballast 
covered with 12 inches of 
soil. 
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Distribution.—One concrete channel laid longitudinally on the surface of the materia’, 


Underdraining ( October, 1903).—Beds Nos. 1, 4 and 6 had four lines of 6-inch agri- 
cultural pipes, connecting to one 12-inch pipe. Beds Nos. 2,3 and 5 had 4inch 
agricultural pipes, 15 feet apart, connecting to one main 12-inch drain. 


Age of Filters.—All the high level percolating filters were brought into use in 1887. 
Since then, however, they have been under reconstruction. In October, 1903, 
Nos. 1, 4 and 6 were reconstructed, and towards the end of the observations, in the 
summer of 1905, two more filters had been reconstructed. 


Working.—The general plan of working the high-level filters is as follows :— 


The total flow of mixed tank liquors is allowed to run into one of the reconstructed 
primary percolating filters from 6 a.m. to 9 p.m. every fourth day, The valve of the bed 
is partially closed during this time ; but, owing to the fact that the beds were not origin- 
ally constructed to hold water, they do not properly fill, and the treatment, therefore, is 
partly percolating and partly contact...The effluent from the filter thus used is sub- 
sequently treated either in one of the two contact beds, upon the lower secondary 
percolating filter, or upon, the night filter. It is obvious thatthe. fault in this 
method of treatment lies in the lack of distribution. On the new filters, where 
the material is large, the precipitation liquor sinks straight down into the bed, hardly 
spreading over the material at all, and so into the drains. It is no doubt for this 
reason that the'method of working the beds with closed or partially closed valves has 
been resorted to, — “es . PDE ee : : 


It is necessary to add, however, that in September, 1905, a 38-inch layer of “pea” 
gravel was put down over the surface of one of the beds, for the purpose of causing the 
on-flowing liquid to spread. We understand that this greatly improves the dis- 
tribution, and that the whole of the remaining five beds are shortly to be treated in the 
same way. 


With the old filters, on the other hand, the difficulty, owing to the fine soil on the 
top, is to get the precipitation liquor to percolate quickly enough through the bed. 
These filters, however, have become consolidated, and they are now seldom used. 


Primary Percolating Filter Ejiuents.—Four sets of hourly samples and seven chance 
samples were examined. The hourly samples, -Nos. 626, 3,295, 3,303 and 3,311, were 
drawn at the same time and under the same’ conditions as the hourly samples of 
sewage and precipitation liquor.. They gave the following figures :— 





Parts per 100,000. : Average. = itd 
Oxidized Nitrogen - - - - - - - - 0:0 (4) 
Teeter eweeee 2 RO ES) LG. (3:36) | (1) 
“Oxygen absorbed” at 27°C. (80°F.) atonce - - - (088t0126) | 1-08 (4) 

i ee ae Route? ~~ 9. ~~ (3517 t0 4°36). | * 388 ONL (ay 
Chlorine - - = eee ee FM + BNO Fas) 6-97 | (4) 
Solids by centrifuge (vol) © 9 - °- - ~~ ° (84 to 20:0) 13:8 (4) 
Incubator test (by smell) - : - - : 5 2 2- (2) 
Smell when drawn “= " - } WSL SEY) _- Ls, : 4% (4) 
Smell when analysed ee eM yee Aas 4- (4) 





In appearance these hourly samples of effluent were opalescent and slightly brown 
and turbid, with more or less of a sewage smell. In no case, however, did they con- 
tain much suspended matter—not more than about 2 to 3 parts per 100,000, as judged 
by the centrifuge figures. Speaking generally, these effluents were very uniform in 
composition, the average figure for “ oxygen absorbed ” in 4 hours being 3°88. None of 
them contained any oxidized nitrogen on the day of analysis, and it may be said that 
none withstood incubation (only two were actually tested for this). 
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The primary percolating filters thus do not effect a very great reduction in the im- 
purity of the precipitation liquor. Hence, the liquid which the secondary percolating 
and secondary contact filters have to treat is—for secondary filters—a_ somewhat 
strong one organically, with the important exception that it contains very little solids 
in suspension. 

As compared, respectively, with the four sets of hourly samples of sewage and of 
precipitation liquor, these four sets of hourly samples of primary percolating filter 
effluent show the following reduction in figures :— 

SEWAGE. 





Mixture of the two sewages in 
Calculated on :— High Level. Low Level. the proportion of 6°5 High Level 
to 3:0 Low Level, by volume. 


Oxygen absorbed at once - 58 per cent. 74 per cent. 63 per cent. reduction 
” ” in 4 hours - * 63 ” 77 ” 67 ” ” 
Solids by centrifuge (vols.)  - - 04 41,95 O6inas 9517 = 


PRECIPITATION LIQUOR. 


Mixture of the two sewages in 
Calculated on :— High Level. Low Level. the proportion of 6°5 High Level 
to 3:0 Low Level, by volume. 


Oxygen absorbed at once - - 27 per cent. 34 per cent. 29 per cent. reduction 
” ” in 4 hours - Z 30 ” 41 9 33 a9 ” 
Solids by centrifuge (vols.) -  - Ola, 54.—=C(«, 62 y 3 





The seven chance samples of primary percolating filter effluent examined, Nos. 3026, 
481, 31774, 3417, 704, 3539 and 3655, were drawn between the months of February 
and October, z.e., none of them in the coldest months of the year. Five of them were 
taken between 1.22 p.m. and 4.30 p.m., and the remaining two at 2 a.m. and 3 a.m. 
These last two represented the liquid treated on the night beds, and it is noteworthy 
that they gave higher figures for ‘‘ Oxygen absorbed” from permanganate than any of 
the five day samples. 

The following figures were obtained :— 


Parts per 100,000. | Average. | Number of 

Ammoniacal Nitrogen - - - - - - - (287 to 5-49) 4:36 (5) 
Albuminoid ‘Nitrogen: »- | ‘~ececy eens —— . - . ca BOererietan 0°50 (4) 
Oxidized Nitrogen - - - - - = = (0:0 to 1:28 approx.) | 0°27 approx. (6) 
“Oxygen absorbed” at 27°C. (80°F.) at once - - - (077 to 1:80) 1:20 (7) 

: % ; » in4hours  - - (2:07 to 5:38) 3:84 (7) 
Dissolved Oxygen taken up in 24 hours at about 18°C. - (0°48 to 7:00) |* 2:5 approx. (4) 
Chioring.,- ©} = y- + fie ee eet) 9-11 (3) 
Solids insuspension,- - | - - + «© -= = Si3'O0tand 2-70) (2) 
Solids by centrifuge (vol) + - - + - = (44 t0330)} 18:0 (7) 
Ratio of Solids in suspension to centrifuge solids (1: 5-7 and 1: 3°3) (2) 
Incubator Test{(Scudder) «+; eiaper & ot 2 foeuig aedlt-onomt den eae ©) 

$ »- bycamell) ps ee age ge ee a (7) 
Smell when'drawn’\"- 0! 2206 Sieyihes-lo web o3 eo eeaeiyses (4) 
Smell whenanalysed = (/<y y=) et eeu ee ear eee (7) 


* This figure is really too low ; in two cases all the oxygen present was exhausted. 
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In appearance these effluents were partly opalescent and partly brown and turbid, 
ind half of them, at least, had more or less of a sewage smell when drawn. 


One of them had a fishy—earthy smell on the day of analysis, but the others had 
sither a suspicious, or a sewage odour. Only two of the seven contained any oxidized 
litrogen (0°3 aud 1°3 parts approximately), and only one withstood incubation. 


As regards suspended solids, all but two of them contained more than the hourly 
samples, as judged by the centrifuge figures. 


Comparing the above effluents with the (calculated) mixed precipitation liquor from 
he eight sets of hourly samples, we get the following reduction in figures :— 


Calculated on :— Reduction. 
‘Oxygen absorbed” atone - -~ - - - - = Sisis 1h wary 20 per cent. 
56 H SRG Se Bees AP FUL, US ME BOT bgt ligt 
EI SO A a nn ee ee 53.435 





The above results thus agree substantially with those obtained from the hourly 
samples. They show that, excepting as regards the removal of suspended solids, the 
ourification effected by the primary percolating filters is not very great. 


Bacteriological Notes.—Generally speaking, the effluents yielded positive results with 
rom ‘0001 to °00001 c.c. (10,000 to 100,000 per c.c.) with the B. coli test and presump- 
ive tests for B. coli. All the six samples yielded positive results with ‘01 c.c. (100 
oer C.c.) with the B. enteritidis sporogenes test. 





B.S.=Bile salt glucose 
peptone test. 


Mesriibeaciststhe ' |Number of B. coli.| N.R.—=Neutral red broth| _B. Enteritidis 


(or gas-formin test. sporogenes Remarks. 
GeenD is coli-like bration) In. =Indol test. i ‘en 
L.P.M.=Lactose peptone 
milk test. 

481. Hendon primary 100,000 100,000 N.R. 100 not 1,000 | 5,700,000 mi- 
percolating filter (+ indol) 100,000 In. crobes (gelatine 
effluent, 4/2/03 (+ clot) at 20°C.). 

Gas test + 01 c.c, 
(24 hours at 20° 
C.). 

31774. Hendon primary — 100,000 N.R. 100 not 1,000 
percolating filter 
effluent, 29/6/03 


526. Hendon primary | 10,000 not100,000} 10,000 not100,000N.R.} 100 not 1,000 
percolating filter (+ indol) 


effluent, 20/10/03 (+ clot) - 


3295. Hendon primary | 10,000 not100,000} 10,000not100,000N.R.| 100 not 1,000 
percolating filter (+ indol) 


effluent, 10/11/03 (+ clot) 

104. Hendon primary 1,000 not 10,000 | 1,000 not 10,000 B.S. 100 not 1,000 
percolating filter (+ indol) 10,000 not 100,000 N.R. 
effluent, 7/6/04 (+ clot) 

3539. Hendon primary 100,000 100,000 B.S. 100 not 1,000 
percolating filter (++ indol) 100,000 N.R. 
effluent, 16/8/04 (+ clot) 


a 
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bi pe Os PERCOLATING FILTER. 


Number * - - - - ~ One: 
Size - - - 5 - - - 128 feet by 56 feet 6 inches. 
“ Superficial area at aes - - 800 square yards. 
Depth - - - - -  - About 5 feet. 
Cubic content. - - - - - 1,324 cube yards. 
Construction, = :5 - -_ - Cement concrete throughout. 
” Material <- v=) een ee Onn ae inches of coke breeze, 4 inch to 


1 inch diameter. 


| | [ie feet of pan breeze, over 7g inch 
Pear (Middle) ’ diameter. du% a, daly 
|2 feet of burnt ballaeeee over jg inch — 
diameter. 
(Bottom) 9 inches of brick rubbish. 


Distribution.—The liquid is spread over this filter by means of Ans Se material 
alone. "There are no grips or channels on the bed. t 


Underdraining.—Thirteen rows of 9-inch perforated pipes, draining to one 18-inch 
perforated pipe. 


Age of Filter.—The secondary percolating filter was started in January, 1899. 


Working.—As has been already stated, the whole of the mixed tank liquors is first 
passed through one of the primary percolating filters. The effluent is then, for the 
most part, treated in secondary contact beds from 6 a.m. to 9 p.m. each day, and on the 
night bed‘ from 9 p.m. to 6’a:m.' The ‘excess of primary percolating filter’ effluent 
in the day time (1.6, from 6 a.m.’to 9 'p.m.), which’ cannot ‘be treated in the 
contact beds, 1s streamed through the secondary percolating filter now under consider- 
ation,, As.a rale, therefore, this filter is used as a streaming filter from 6 a.m. to 
9 p.m, each day. , The quantity treated in this way cannot be given detostalye as it 
continually varies... 

The plan of working this bed as a continuous filter; is of special interest, in that it 
enables the contact beds to be worked steadily and to give a stipulated pesiony of 
contact, whatever the rate of flow of high level-percolating filter effluent. 


Secondary Percolating Filter Efluents:—Four hourly sets of samples and one chance 
sample were examined chemically. The hourly sets were drawn in October and 
November, 1903, at the same time and under the same conditions as the other hourly 
samples already described ; it should, however, be mentioned that No. 628 was made up 
of six equal bi-hourly portions, taken between 7 a.m. and 6 p.m., Nos. 3297 and 3304 
each of twelve equal hourly portions, taken between 9.30 a.m. and 8.30 p.m., and 
No. 3313. consisted of hourly portions taken over the whole 24 hours of a day. 

The, following figures were obtained :— 








Parts per 100,000. " Avene Siete 

Ammoniacal Nitrogen - - - - + - - (1:06 to 1°81) 1°41 (4) 
Albuminoid Nitrogen =: - = - += = ~- (0:08 to 0°13) 010 | (4) 
Oxidized Nitrogen =< - > = 7 = =9)-( ss eee) 1-43 (4) 
“Oxygen absorbed” at 27°C. (80°F.) at once- = =~ (0°33 to 0°54) — , * Oae i haisanee 

r » < 5 in 4 hours - - (1:45 t0150) | 1-48 alae ses 
Chlorine - ~~ Rt 20 OR Se a Oe eo ee 6°66 , 4 
Solids by Centrifuge (vols.) -  - - (25 to 11-4) | | 61 ; (4) 
Incubator Tost (Sendder) = +; = (practically 4+) f° 8 | (4) 

Pea oN eo en: 
Smell when drawn by, Wwe “ee ee eee @tylr 1S (4) 


Smell when analysed - = ‘ ps a : Se ie | i 20 (4) 


IE SAE ESS A IEE ADGA AOE LE ERA APS, OES A 
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In appearance these effluents were faintly opalescent, with a slight brownish tint, 
and, excepting for a small quantity in No. 628, they were practically free from suspended 
matter. Three of them were noted as having a cabbage-water smell when drawn, but 
they all—excepting possibly one—had-an earthy smell when ‘analysed, and they all 
easily withstood incubation, Taking them all over, they were: of pretty uniform com- 
position and of very fair quality, and they showed a good percentage purification on 
the corresponding sewage and precipitation liquor; still, though they had an average 
of 14 parts of oxidized nitrogen. to an equal quantity of ammoniacal nitrogen, the 
analyses indicated the presence of a small quantity of readily oxidizable organic 
matter—sufficient to prevent these being called effluents of high class. 


Compared with the (calculated) mixed sewage and mixed precipitation liquor 
(the eight sets of hourly samples in each case), these effluents show the following 
percentage reduction in figures :— 





on Calculated papa Mixed Sewage. rage epee ae 
Ammoniacal Nitrogen® © -* -- > - © = - = - 63 per cent.reduction 
Peemeiee E Slee: “ 
“Oxygen absorbed” at once- aia - - - - 87 per cent. | 73 _,, 5 
‘o ‘i . in 4 Per eo Siew es, (fear i 


Solids by centrifuge (vols.) 


eee eee Er gk tt ee lege i 


The chance sample of secondary percolating filter effluent examined, No. 3418, was 
drawn on Monday, March 8th, 1904, at 3 p.m. from a bed which had started 
working at 7 a.m., after resting all night. This was of the same character as the 
hourly samples, though not quite so good. Here, again, there was but a trace of 
suspended matter present. ‘de =o" 


An important result, therefore, of the treatment at Hendon on the percolating 
filters is that nearly the whole of the suspended matter is removed from the 
effluent. before it is finally discharged. pate 
* Bacteriological Notes.—The samples yielded positive results with from ‘01 to ‘001 c.c. 
(100 to 1,000 per c.c.) with the B. coli and neutral red broth tests. As regards the 
B. enteritidis sporogenes test, one sample contained 10, but the other three samples 
contained only 1 spore of this anaerobe per c.c. Bacteriologically, the secondary 
percolating filter effluents were better than the contact bed effluents. 


B.S.=Bile-salt Giese 
Peptone Test. 


Description of the Number of B. Coli |N.R. =Neutral Red Broth B: Enteritidis 





(or gas-forming - Test. civieap LvOiarks: 
poy: Coli-like Microbes). In.=Indol Test. prorecendertes ti 
L.P.M.=Lactose Peptone 
Milk Test. 
628. Hendon secondary 1,000 not 10,000 | 1,000 not 10,000 N.R. | 10 not 100 
percolating filter (++ indol) 
effluent, 20/10/03. (+ clot) — | 
3297.Hendon secondary | 1,000 not 10,000 | 1,000 not 10,000 N.R. |. 1not10 
percolating _ filter (—indol) - 
effluent, 10/11/03. | © (+ clot) 
3304.Hendon secondary | 100 not 1,000 100 not 1,000 N.R. 1 not 10 


. percolating | filter (++ indol) 
effluent, 11/11/03.} (+ clot) 


3418.Hendon secondary} 1,000 not 10,000 | 1,000 not 10,000 N.R. 1 not 10 
percolating. filter (+ indol) 


effluent, 6/3/04. (+ clot) 
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CONTACT BEDS. 


Number - - - Je 
Size ofeach - - - 128 feet by 56 feet 6 inches. 
Area of each - - - 800 square yards. 
Total areas - - - 1,600 square yards. 
Depth of material - - About 5 feet. 
Total cubic content - 2,666 cube yards. 
Construction - - - Cement concrete throughout. 
Material - - - No. 1 (Top)—6 inches fine ballast, 4 inch 
diameter. 
2 feet 6 inches pan breeze, over 33s inch 
diameter. 
12 inches burnt ballast, over 4 inch 
diameter. 


(Bottom)—9 inches brick rubbish. 


No. 3 (Top)—2 feet 8 inches pan breeze, 
over 32; inch diameter. 
3 inches burnt ballast, over 3; inch 


diameter. 
1 foot 9 inches pan breeze, over 3%; inch 
‘diameter. 
(Bottom)—9 inches brick rubbish. 
Distribution - ‘ - No. 1 bed:—One line of 18-inch half 


pipes, laid on the surface of the material 
down the centre of the bed. 


No. 3 bed :—No distribution. 


Underdraining - - No. 1 bed:—Thirteen rows of 6-inch 
perforated pipes, draining to one 18- 
inch perforated pipe. 


No. 3 bed:—Thirteen rows of 9-inch 
perforated pipes, draining to one 18 | 
inch perforated pipe. 


Age of Beds.—No. 1 was started in September, 1898; No. 3 in December, 1900. 


Working.—The two contact beds receive the larger portion of the effluent from 
one of the high level percolating filters each day, from 6a.m.to9 p.m. They rest during 
the night. 


In dry weather they fill in about two hours, and give a contact of two hours. The 
quantity treated is equivalent to an average of 2k fillings for each bed per day. 


Capacity.—No capacity measurements of the contact beds have been made, but as 
they are in perfectly good condition and fill in approximately the same time as they 
did when they were first brought into use, it may be taken that no serious loss of 
capacity has occurred as the result of their five years working, at an average rate of 
about 2% fillings per day. 


Secondary Contact Bed Efiuents.—Here, again, 4sets of hourly samples and 1 chance 
sample were examined. The hourly samples, Nos. 627, 3,296, 3,305, and 3,312 were 
drawn on the same days as the hourly samples of secondary percolating filter 
effluent. No. 627 was made up of effluent from 2 emptyings and the other three of 
effluent from 3 emptyings of the beds ; in every case this was drawn at mid-flow. 
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The following figures were obtained :— 





Parts per 100,000. eons ees 

Ammoniacal Nitrogen - - - - - -. =~ = (1:44 to 2:08) LT (4) 
Albuminoid Nitrogen -~— - mms = = Fe. «(0°08 to O-21)* 0:15 (4) 
Oxidized Nitrogen BS | etme fmrann( OOD. £0- 1°45) 1:23 (4) 
“ Oxygen absorbed” at 27° C. (80° F.) at once - + + (0°33 to 0°68) 0°51 (4) 
” %9 9 %3 inm4hours- - - (1°34 to 2°32) 1°89 (4) 
Chlorine eGtwe- 3 S| o- > .- => = (650 to 7°82) 6:96 (4) 
Solids by Centrifuge (Vols.) - - - - - - = (7% to 10°4) 8-4 (4) 
Incubator Test (Scudder) - - - - - =+- - (Soe) (4) 
Incubator Test (by smell) _ - - - - - - - - (4 +) (4) 
Seemewrewns ee OOO | DUOOT fon (Qing (4) 
A Ty SO, i a a (4 +) (4) 








The above secondary contact bed effluents were faintly opalescent, with a yellowish 
tint; and, like the secondary percolating filter effluents, they contained very little 
suspended solid. Three of them were noted as having a cabbage-water smell when 
drawn, while on the day of analysis one had an earthy and the others a more or less 
fishy smell. They were all fairly well nitrated, in proportion to the total nitrogen 
present, and they all withstood incubation. At the same time the general results of 
the examination indicate that the oxidation of the organic matter present was by no 
means carried to its fullest extent, and these effluents can therefore only be classed as 
of moderate quality. They were not, on the whole, quite so good as the hourly 
samples of secondary percolating filter effluent. 


Compared with the (calculated) mxea sewage and mixed precipitation liquor (8 sets of 
hourly samples in each case), the secondary contact bed effluents show the following 
percentage reduction in figures :— 


Calculated on :— Sewage. ees 
Ammoniacal Nitrogen - -~ - - = : : - 55 % reduction 
Albuminoid Nitrogen - - : - A - - - - (8 Be i 
“Oxygen absorbed” at once - y 2 é é A J - | 84 % reduction 67 5; oe 
K e Pitter ge Fo re UES - OF A HOBRTS thy, 66. trons 
Solids by Centrifuge (Vols.)  - c “ : : = : -| 97,, {) 68 ,, “ 


The chance sample of secondary contact bed effluent examined, No. 3,419, drawn in 
March, 1904, after a contact of 3 hours, was of much the same composition as the 


hourly samples. 





* Possibly a little too high. 
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Bueteriological Notes.—The samples yielded positive results with from ‘001 to ‘0001 
c.c. (1,000 to 10,000 per c.c.) with the B. coli and neutral red broth tests. All four 
samples contained 10, but not 100 spores of B. enteritidis sporogenes per c.c¢. 





B.S. =Bile salt glucose 
peptone test. 


oe Number of B. coli | N.R.=Neutral red broth | B. Enteritidis 
Description of the 


(or gas-forming test. sporogenes Remarks. 
Sample. coli-like microbes). In. = Indol test. test. 
L.P.M.=Lactose peptone 
milk test. 


a a a 


627. Hendon contact | 10,000 not 100,000 | 10,000 not 100,000 N.R.| 10 not 100 





bed effluent 20/10/03 (— indol) 
(+clot) 
3,296. Hendon contact | 10,000 not 100,000 | 10,000 not 100,000 N.R.| 10 not 100 
bed effluent 10/11/03 (++ indol) 
(felot) | 
8,305. Hendon contact | 1,000 not 10,000 1,000 not 10,000 N.R. 10 not 100 
bed effluent 11/11/03 (+ indol) 
(++ clot) 
3,419. Hendon contact | 1,000 not 10,000 1,000 not 10,000 N.R. 10 not 100 
bed effluent 6/3/04: (++ indol) 
(+ clot) 








NIGHT FILTER. 


At night, the whole flow of tank liquor, after passing through one of the hivh level 
percolating filters, is turned in dry weather on to a plot of land, having an area of 
about 14 acres, which is artificially made up on the top with 12 inches of burnt ballast. 
This land is called the Night Filter. It is not under-drained, and the only system of 
distribution is by means of grips cut in the ballast. As, therefore, the 
effluent. is delivered at one end, the filtration given to it is in a lateral direction 
towards the outlet at the opposite side of the plot. 


The bed receives high level percolating filter effluent from 9 p.m. to 6 a.m. each 
night in dry weather. It is not used on wet nights. 


+ Night Filter Eftuents (Secondary ).—In order to gain some idea of how this treat- 
ment compared with the day treatment on the secondary percolating filters and 
secondary contact beds, four night-filter effluents were examined. These four were 
drawn on two nights only, but at different hours of the night, while in each case a 
sample of roughly corresponding primary percolating filter effluent was taken at an 
hour midway between those of the two night effluents. On both occasions the 
weather was dry, or practically so. 


The samples were :— 
Primary percolating filter effluent, No. 3,539, drawn Tuesday, Aug. 16th, 1904, at 2 a m. 
Secondary night effluent, No. 3,588 ,, Monday, Aug. 15th, 1904 ,, 11 p.m. 
Secondary night effluent, No. 3,540 ,, Tuesday, Aug. 16th, 1904 ,, 6am. 
Primary percolating filter effluent, No.3,655 ,, Friday, Oct. 6th, 1905 ,, 3am 
Secondary night effluent, No. 8,656 ,, Thursday, Oct. 5th, 1905 ., 12 mid. 
Secondary night effluent, No. 3,657 ,, Friday, Oct. 6th, 1905 ,, 5 a.m. 


The individual samples of each pair of night filter effluents were almost identical 
in chemical composition, so their figures have been averaged and placed beside the 
figures of the corresponding primary percolating filter effluent. 





Secondary Secondary 
Parts per 100,000. Effluent, Nos, 3538 and) eHuent, (Nos. 3656 and 
No. 3539. 3540 No. 3655. 3657 
| (Average of), (Average of). 
Ammoniacal Nitrogen at eae rman oe 5:34 4-07 3°25 
Albuminoid Nitrogen- . - =) -) 9 - >| 4-061 0°44 0°29 
Tore eeantcNibogen = = a St 0°67 
Oxidized Nitrogen  - - - - Hore 0-0 0:0 0°70 
Total Nitrogen - - - - - 4°62 
“Oxygen absorbed” at 27° C. (80° F.) at once - 1:80 1:38 0°83 
tise . ~ “4 in 4 hours’ - 5°38 4:26 3°01 
Dissolved oxygen taken up in 24 hrs. at about 18°C | 2°01 
Chlorine - - - - A 9°26 
Solids in Suspension - - =>. - 0 - 3:20 
Solids by Centrifuge (vols.) - - - 18:3 87 5:0 
Incubator Test (Scudder) - - — - 2 i ne 
Incubator Test (by smell) - - - - - _ ~ — 
Smell when drawn” - - - - 2 3 E 
Smell when analysed - - - - - - — A 























The primary effluent, No. 3655, which may be taken as representing approximately 
the average liquor treated on-the night filters in dry October weather, was by no means. 
very weak, but it had only 2°7 parts of suspended solids. The other primary effluent, 
No. 3539, drawn in dry weather in the month of August, had practically the same 
composition. 7 


The first pair of night filter effluents showed comparatively little purification upon the 
original primary effluent; they contained no oxidized nitrogen and failed to withstand 
incubation. The second pair were distinctly better; although failing at the incubator 
test, they each contained about 0°7 part of oxidized nitrogen, and they hada clean smell 
both when drawn and when analysed. 


These night samples could not compare in quality with either the secondary per- 
colating filter or secondary contact. bed day effluents. It will be noted that the primary 
effluents treated by the night. filters on these two occasions. were. distinctly stronger 


organically than the average of all the seven primary percolating filter eftluents 
examined. | 


Bacteriological Notes.—Both samples yielded positive results with ‘00001 c.c. 
(100,000 per C.C.), with the B. coli test and the presumptive tests for B. coli. Both 
samples contained 100 spores of B. enteritidis sporogenes per c.c. 





B.S.=Bile-salt glucose 


Number of B. Pentone Lesh 
ae of the coli (or ae Spiga rad, broth J: B. enteritidis (a ernprea te 
ample. - ; ing coli-like ToT _ sporogenes test. Y 
sGicrahea), In. =Indol test. 22 


L.P.M.=Lactose  pep- 
tone milk test. 








3538. Hendon night 100,000 100,000 B.S. | 100not1,000 | 


filter effluent, 15/8/04 (+-indol) 100,000 N.R. 

(—clot) 
3540. Hendon night 100,000 100,000 B.S. 100 not 1,000 
filter effluent, 16/8/04 (+-indol) 100,000 N.R. 

(+ clot) 
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Amount of Precipitation Liquor treated.—The total area, of high level percolating 
filters, contact beds, and night filter, which together constitute the general filtration 
rocess, is 25,660 square yards; and the cubic contents in 1903 were estimated at 


16,420 cube yards. 

On the basis of a dry weather flow of 950,000 gallons per day, therefore, the 
amount treated at this time was at the following rates :—- 

Per square yard per 24 hours - . 3 - $87 gallons. 
Per cube yard per 24 hours - - - - 7 gallons. 

It must be remembered, however, that the actual rate of treatment at any given 
time is much greater than this, as only one of the large percolating filters is ever in 
use, and the contact beds and the night filter are used alternately each day and night. 
The actual rate of treatment in dry weather is probably from 200 to 250 gallons per 


square yard per day. 
SUMMARY. 


Subsoil water appears to find its way into both high level and low level systems 
of sewers, but the mixed liquids constitute a sewage of distinctly over the average 
strength, excepting as regards suspended solids, which are not high. 


The precipitation effected in the two sewages is good, both relatively and actually ; 
the dry-weather hourly samples of high level precipitation liquor contained an 
average of 61 parts of suspended solids and the corresponding low level samples an 
average of 41 parts per 100,000. The quantity of precipitant used is not large, being 
about 5 grains per gallon in the case of the high level and 6 to 7 grains in that of the 
low level sewage, and we think that the good results obtained are due mainly to the 
following causes :--(1) the method of adding the precipitant ; (2) the frequent sludging 
of the primary tanks; (3) the long “ flow through” the tanks (12 hours); and (4) the 
care and attention given to the process in all its details. Possibly, too, the mode of 
construction of the tank, 7.e. the presence of a dividing wall extending down it for 
about two-thirds of its length, contributes also. Further, there is practically no pre- 
liminary grit settlement, and the presence of the grit in the liquid under precipitation 
no doubt assists the clarifying process to some extent. It is interesting to note that 
the sewage with the larger quantity of solids becomes the precipitation liquor with the 
smaller quantity. 


The large and deep sludge well at Hendon allows of the removal of about 400 tons 
of liquid sludge from the tanks, per week, being carried out rapidly and without much 
nuisance at the works. The subsequent disposal of the sludge by pumping it on to 
land and digging it in, after it has dried sufficiently in the furrows, is both effective and 
economical. The only disadvantage of this procedure is that in some weathers con- 
siderable nuisance from smell arises during the drying in the open. Hence the method 
is one which could not properly be employed if there were houses in the vicinity. 
We understand from the Surveyor to the Hendon District Council that this method of 
sludge disposal compares very favourably, as regards working costs, with the lime- 
pressing process formerly in use. While lime-pressing cost 4/3 per ton of pressed cake, 
or 10d. per ton of wet sludge, the disposal by the present system costs only about 3d. per 
ton of wet sludge. 


The sludge is also stated to have improved the quality of the clay land to which it 
has been applied, and to have produced excellent crops of mangolds, ete. 


Excepting as regards suspended solids, the primary percolating filters do not effect a 
very great purification of the precipitation liquor, This, we think, is due to the 
defective distribution on the beds, as reconstructed. The liquor now sinks rapidly into 
them, near to the point where it is delivered, and, consequently, if the outlet valve is 
kept open, it finds its way, more or less directly, into the under-drains and so out of 
the bed. With a view of obviating this, the beds are now used partly on the contact 
system, that is, as streaming filters with the valve almost closed; but, owing to the 
construction of the filter tanks by simple excavation, they leak considerably when 
ad above a certain level, and hence it is impossible to thoroughly hold up the liquid 
in them. 


_In the old primary filters a layer of earth was spread over the burnt ballast and the 
distribution was therefore fairly good. It may be noted, in passing, that these filters 
were only 2 feet deep, whereas the depth of the new ones is 4 feet. Apart from the 
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desire to have greater depth, the reason for altering the principle of construction was 
tLat the earth surface of the old filters became clogged, though only after about 
16 years’ work ; the drains, too, were found to be choked, from the gradual disintegra- 
tion of the ballast. As events have shown, it would probably have been better to 
have re-made the filters on the old principle, that is to say, with a layer of some fine 
filtering medium on the surface. We understand that steps are now (1906) being 
taken to do this. 


But, notwithstanding the comparatively small purification which the primary filters 
effect on the liquid portion of the precipitation liquor, they have the important result 
of still further reducing the already moderate quantity of the suspended solids of the 
precipitation liquor, so as to leave very little of these for the secondary beds to deal 
with. Asa consequence of this the secondary beds, both contact and percolating, 
appear to be in much the same condition now as when they were started, five years ago. 


In regard to the primary filters, it is important to notice that the renewal was made 
by re-burning the old material, so far as it went. The original excavation was, of 
course, comparatively inexpensive, while the cost of complete renewal—including the 
deepening of the filters, the sifting and carting away of the fine material, and the 
re-laying of the drains—came to about 3s. 6d. per cube yard. 


The secondary percolating filter effluents examined were of very fair quality and 
very free from suspended matter. Had the purification on the primary beds been 
ereater, these secondary effluents would probably have been effluents of high class. 
In regard to the construction of the secondary percolating beds, we think that, unless 
it be with the object of utilising filterimg material ready to hand, it is unnecessary 
to go into the refinements of grading followed at Hendon; and this remark applies 
to the construction of the contact beds also. 


The secondary contact bed effluents were of moderate quality—not so good as those 
from the secondary percolating filters. One reason for this, no doubt, was because 
the contact beds were treating a larger volume of effluent per cube yard, at an 
average rate of 25 fillings per day. 


We have been unable to make any gaugings at Hendon, but the contact beds 
are still in perfectly good condition after 5 years’ work, and it may be taken that they 
have not undergone any serious loss of capacity. 


Secondary Night Filter kfluents.—Only four samples of these, taken on two nights, 
were examined, and we can therefore only speak of this process with reserve. 
But, so far as our results go, they show that the primary effluent treated on the 
night filters is organically quite as strong as that treated by day, while the night 
filter effluents are not nearly of such good quality as the others. The night filter, 
which is only 1 foot deep, was originally fed from a side channel only, and the 
liquid found its way to the outlet along the bottom of the bed; now there are 
many more channels for distribution, and the effluent is consequently improving in 
quality. It seems doubtful, however, whether such a shallow filter would ever 
give really satisfactory results unless with a very small flow of liquid, for it is 
obvious that any error of distribution must be relatively magnified upon it. 


While the tanks are being emptied of sludge there is occasionally a local smell 
and in certain states of the weather the smell may become very pronounced from 
that portion of the land where the wet sludge is drying in the furrows. But 
apart from this, the works may be said to be reasonably free from nuisance. 


In conclusion, it is hardly necessary to say that the system of sewage treatment 
followed at Hendon is a very complex one—complex because of modifications 
introduced from time to time, with the object of improving on an older system 
which had gradually become inadequate. It says much, therefore, for the present 
management that the effluents produced, at all events the day effluents, keep up 
to a fairly good standard. And, although the process lends itself to criticism in 
respect to details, its general result is a good purification of a distinctly strong 
sewage. 


We are indebted to Mr. S. 8. Grimley, Surveyor to the Hendon Urban District 
Council, and also to Mr. John Choate, Manager of the Sewage Works, for help in 
connection with our observations at Hendon. 
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«DUCAT” FILTER EXPERIMENTAL PROCESS, 


The original experiments carried out by the late Colonel Ducat, which resulted in the 
design of the “Ducat” Continuous Aerated Filter were made upon the high level 
sewage at Hendon. They began in 1896 with small experimental filters composed 
of coke, and constructed in such.a way as to carry out-Colonel. Ducat’s . main ideas 
with regard to the biological -treatment of fresh sewage by percolation through fine . 
filtering material, the filter having open sides and also a free base with the object. of 
inducing the best aeration possible. 


A provisional patent was taken out on January 9th, 1897, claiming that the discovery 
consisted ““essentially in constructing the-sides of the structure containing the filtering 
medium of open work—affording access for’ the ambient air to the filtermg medium so as. 
to permit of the air penetrating ‘the pores or interstices thereof under the exhaustive 
action due to the motion of ‘the water between and through the particles of the filtering 
medium.” | 


A larger filter (15 feet by 12 feet by 8 feet deep) was built in May, 1897, and used 
for comparative experiments, in which three kinds of material were successively employed 
coke being used first, then gravel, and lastly clinker. 


In 1898 a second filter (15 feet by 12 feet by 10 feet deep) was constructed, and. 
after several alterations to both filters, they commenced working in their present form 
(1905) towards the end of 1899, the actual months being August, 1899, for No. 1 filter, 
and November, 1899, for No. 2 filter. | | 


The Sewage. 


The sewage treated upon each of the filters is taken from the Hendon high level 
sewer by a 13-inch: pipe, let intothe sewer 4 inches from the bottom and carried about 
4 inches into the flow. Both pipes are set at right angles to the flow, and have 4$-inch 
screens fitted over the ends. 


In consequence of the setting of these pipes, and probably also owing to the very 
small flow which is taken through the controlling stop-cock, the sewage delivered to ‘the 
filters contains rather less suspended matter than the average high level sewage. | It is, 
however, delivered to the filters without settlement of any kind, though, as previously 
stated, it is passed through screens having a $-inch mesh. 


As the water level in the high level sewer fluctuates considerably, the flow, 
as treated upon the Ducat filters, also varies. These variations, however, are com- 
paratively small, and are spread over.a considerable period of time. During our gauging 
of the flow on to the Ducat filters in dry weather, the greatest variation recorded was 
in the proportion of two to.one, and was.spread over a period of twelve hours. Pro- 
bably it never. varies in a proportion of much more than three to one. : 


Crude Sewage.—Three sets of hourly samples and nine chance samples were examined 
chemically. The hourly sets, Nos. 600, 602 and 605, were drawn according to rate of flow 
during dry weather in the middle of September, 1903 (Monday to Thursday), and they 
may, we think, be taken as fairly representative of the dry-weather sewage of the year. 
At the same time a sample of weak night sewage, No. 604, drawn on Wednesday, September 
16th, 1903, at 4 a.m., was examined. Pi 


de dees He ce = eee 
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The following results were obtained :—* 




















. No. 604. 
Parts per 100,000. Average. fs perben et Weak Night 
Sewage. 
Ammoniacal Nitrogen - - - - - (447 to 5-10 %) 4°83 (3) 3°40 ap. 
Albuminoid Nitrogen - - (0°93 ? to 1:15) 1:02 (3) 
Total Organic Nitrogen (2-03 ) (1) 
Oxidized Nitrogen - - 2 - - : - - 0-0 (3) Very slight 
trace. 
Total Nitrogen - - . - - - (615 1? and 6°50) aie) 
“ Oxygen absorbed ” at 27°C. (80° F.) at onve - 2°37 to 2°77) 2:54 (3) 079 
" t. < :. in 4 hours- (9°89 to 13°45) 11°75 (3) 2°89 
Chlorine ise. = oe a ee (7-80 to 8°70) 8°30 (3) 

Solids in Suspension - - - - - (16°70 to 24-10) 20°10 (3) 1:00- 
Pus Mineral matter - (3°60 to 6:20) 4°70 (3) 0-10 
Solids by Centrifuge (vols.) - (141:0 to 215 0) 181:0 aia (3) 70 
Ratio of solids in suspension to centrifuge solids (1 : 8-4 to 1: 9°5) 1: 89 (3) 1:7-0 
Incubator test (by smell) - - - - : - : vi 











The above hourly sets were fairly uniform in composition, though the sample drawn 
from Tuesday to Wednesday was the strongest, and they represented a soapy sewage of 
rather over average strength, but with less than an average quantity of suspended solids, 
these being rather flocculent; they all had a soapy, as well as a sewage smell. The 
weak night sample, No. 604, was milky looking, but almost free from suspended matter. 
For a night sample it was rather strongly ammoniacal and it, too, had a soapy smell. 
About thirty hours elapsed between the time when this sample was drawn and the time 
when it was analysed, so, although it showed no nitrite or nitrate, it may possibly have 
contained some in the firstinstance. Probably, however, there was not much subsoil water 
gaining access to the sewers at the time. 


Chance Samples.—Of the eight ordinary chance samples of crude sewage examined, 
five, Nos. 1, 3,5, 7 and 9, were drawn between December, 1898, and May, 1899, while the 
other three, Nos. 514, 544 and 727, were drawn in April and June, 1903, and October, 
1904. They were all taken between 10.40 a.m. and 3 p.m. (most of them between 1] a.m. 
and 1.30 p.m.), and therefore represented the strongest sewage of the day. Excepting 
Nos. 7 and 514, all the eight were dry-weather samples. No weather notes were made 
at the time the earlier samples of sewage and effluent were drawn, but through the 
kindness of Dr. H. R. Mill, of ‘ British Rainfall,” the weather records at or near Hendon 
on the dates in question and for the week preceding those dates have been placed at 
our disposal. 

These samples gave the following results :— 











Number of 

















Parts per 100,000. | Average. vie one: 
Ammoniacal Nitrogen - - (6°12 to 9°03) 7:40 (7) 
Albuminoid Nitrogen - - (1:49 to 2:17) 1°85 (7) 
Total Organic Nitrogen - - - - (2°89 to 4:34) 3°76 (6) 
Oxidized Nitrogen - (0:0 to trace) 0:0 (4) 
Total Nitrogen mya, A TIGA (6°62 to 12°81) 10°45 (7) 
“Oxygen absorbed ” at 27° C. (80° F.) at oncet - (1°99 to 7:92) 472 (7) 
iy a 2 » m4 hours - (9:11 to 22°73) 15°20 (8) 
Chlorine - - - - - - - - - (9°80) (1) 
Solids in Suspension - (55:2 in No. 727) (1) 
Containing mineral matter- (12°7 in No. 727) (1) 
Solids by centrifuge (vols.) - (132°0 to 482:0) 363°0 (3) 
Ratio of solids in suspension to centrifuge solids - - (1:86) (1) 
Dissolved Gases (c.c. per litre) :— 
Free Carbon Dioxide - A 5 “ = (31:5 and 48:5) (2) 
Total Carbon Dioxide - - (197°8 in No. 3) (1) 
Nitrogen - - - : 3 - - (17:1 and 17:2) (2) 

















* Some of the estimations of ammoniacal, albuminoid, and total nitrogen were not quite satisiactory 


here, but they may be taken as substantially correct. 
+ The “3 minutes’” test in the earlier samples. 
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If the average figures for total nitrogen and for “ oxygen absorbed ” from permanganate 
in four hours, given by these chance samples, are compared with the corresponding figures 
of the hourly sets, it is seen that the chance samples are much the stronger. The figures 
for total nitrogen in six of them only varied between 9-9 and 12°8 parts. The dry-weather 
sewage, therefore, which the Ducat filter at Hendon has to treat during the hours of the 
day when it is most concentrated, is a very strong domestic sewage containing some laundry 
refuse ; and although, on the average, the suspended matter over the whole twenty-four 
hours of the day is only about 20 parts per 100,000, it may at times rise to a high figure. 
Thus, in No. 727, drawn on Monday, October 10th, 1904, at 11°55 a.m., in dry weather, 
the suspended solids amounted to 55:2 parts, of which 12-7 were mineral; and in No. 
544, drawn on Thursday, June 4th, 1903, at 1:30 p.m., the centrifuge figure indicated an 
equally large quantity. These solids, moreover, are not always well broken up as they pass 
on to the filter. 


A portion of the chance sewage sample, No. 5, which was drawn on May 2nd, 1899, was. 
filtered that day through a Pasteur-candle filter, the filtrate kept over-night in a full 
bottle, and the total nitrogen in 1¢ estimated next day. The comparative figures are 
interesting :— 

















tong ae] Oneal cent 
Ammoniacal Nitrogen - “ a E 7 E é 6°35 
Albuminoid Nitrogen — - : 2 SS : A ‘ 1-55 
Total Organic Nitrogen - - = : : x : 3-48 
Nitrous Nitrogen - - - : ” x : t 0:04 
Total Nitrogen ee ee 9°87 745 











So far, therefore, as this one experiment goes, it indicates that about 1:0 part per 100,000, 
out of 3:5 parts of organic nitrogen, was present in crystalloid form. 


Bacteriological Notes.—The bacteriological results are given in Appendix C. 


The Fulters. 


Number - - - - - 2. 
Size of each - - : - 15 feet by 12 feer. 
Area of each” - - - - 20 square yards. 
A Total area - - - - - 40 square yards. ‘ 
Depth of material  - - - No. 1 filter, 8 feet. 
No. 2 filter, 10 feet. 
Cubic content of each : - No. 1 filter, 58:4 cube yards. 
No. 2 filter, 66°7 cube yards. 
Total cubic content - - - 120°1 cube yards. 
Material - - - - - Furnace clinker varying from ? inck 


to 4 inch in diameter. 


Construction.—On the concrete bottom (which in the case of No. 1 filter slopes four 
ways, while in No. 2 filter it only slopes three ways) four small square tunnels are built 
in a transverse direction. These through tunnels, which are constructed of perforated 
bricks at the sides and cemented pan tiles at the top, hot water pipes are carried. The 
tunnels communicate with the outer air, and are intended for the purpose of supplying air 
(artificially heated, if necessary) to the lower part of the filter. Between the tunnels a 
free bottom is constructed by means of roofing tiles, resting upon dwarf brick piers. The 
filtering material therefore rests partly on the false bottom and partly on the four tunnels. 
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n No. 1 filter it is carried up to a height of 8 feet, and in No. 2 to a height of 10 
eet, being kept in position in both cases by walls of 4-inch agricultural pipes, laid horizon- 
tally, with a slight dip towards the material. These pipes are 12 inches long, and are 
cemented together. They are supported by brick piers at the four corners of the beds 
and also at the centres of the two sides. 


Additional 4-inch porous pipes, two feet apart in a horizontal direction, are carried right 
through the material for the purpose of giving further aeration. In No. 1 filter the first 
layer is 4 feet 6 inches and the second 6 feet 6 inches from the bottom, while in No. 2 
filter the first is 3 feet 6 inches, the second 5 feet 6 inches, and the third 8 feet from the 
bottom. There are therefore in No. 1 filter twelve lines of those pipes, and in No. 2 filter 
eighteen lines. 


No. 1 filter is bolted together with wood. No. 2 filter is strapped with iron bands. 


Both filters are completely enclosed in small buildings with thatched roofs, and are 
itted at the sides with slow combustion stoves, for heating purposes in cold weather. 


Distribution.—The distribution on to each filter is effected by means of twelve cast-iron 
‘ipping troughs, supported on the surface of the material by wooden blocks. The 
roughs are fed continuously from small slots cut in the delivery channel, which is carried 
slong one side of each filter. When full of sewage, these troughs overbalance their coun- 
erweights, and discharge their contents on to the-material at one side of the trough. The 
roughs need some attention, for they occasionally do not tip; but, on the whole, the 
listribution obtained is good. 


Underdraining.—The false bottom, constructed between the tunnels, serves as the 
inderdrain. The floor of No. 1 filter slopes four ways, and the filter effluent, which 
sherefore runs out on the four sides is picked up by a channel carried round the filter 
yn the inside of the building, being brought by this means to one point. 


In the case of No. 2 filter the floor slopes only three ways, and a similar channel 
ollects the effluent at three sides of the filter. 


Working.—The filters work continuously, day and night. They have done so from the 
atter part of 1899, when the present material was placed in position. 


In the beginning of 1905 the working of No. 1 filter was altered, for the purpose of 
some special experiments which were in contemplation at that time; but No. Q filter still 
1906) continues to work on the original plan. 


The surfaces of the filters have been raked when necessary, but nothing has been 
removed. Three rakings in a year have been sufficient up to the present time. 


Heating.—During cold weather both filters have been heated artificially by means 
of the water pipes carried through the tunnels. The plan adopted has been to com- 
mence heating during cold weather and to discontinue directly the weather became 
sufficiently warm. 


Age of the Filters.—No. 1 filter in its present form was started on August 16th, 
1899. No. 2 filter was brought into use on November Ist, 1899. 


Vee poe PR fee eT Fe cebiaaes: mee od a 
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Unsetiled Effluents.—Three sets of hourly samples and seventeen chance sariples were 
xamined chemically. The hourly sets, Nos. 601, 603 and 606,were drawn at the same 
ime as the hourly samples of sewage, 7.e., September 14th to 17th, 1903, in dry weather. 
tach set was made up of twenty-four samples, taken in equal quantities every hour from 
iter No. 1, which had at this time been in use for four years. 
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; They gave the following figures on analysis — Tat mo ek i --— 7 








Parts per 100,000.) Average. 








Ammoniacal Nitrogen = oe et ee ee ice OS Di taseGe: 1:05 (3) 
Albuminoid Nitrogen - oe - - - - - (0°27 to 0:29) 0:28 + (3) 
TotaltOrganic, Nitrogen): <7 os). ice tAdtes? giv an erie des (4) 
f Oxidized Nitrogen - - - * > 97 + = (221 to 2°60) 2°37 7 4 3) 
| Containing Nitrous Nitrogen § - - : - - - (0°11 to 0°16) 0°14 ; (3) 
Total Nitrogen =< oe ne Am Merce eee 3°57 (3) 
“ Oxygen absorbed ” at 27° C. (80° F.) at once - - - (0°63 to 0:97) 0-80 (3) 
a - s a in 4 hours - - - (2°34 to 3:01) 2-65 ae 
Incubator test (Scudder) - - - - - - - - - - |2+,1-(slightly) (3) 
% », (by. smell) =. Fi 7 ON een Se mane * 3+ — (8) 
Smell when drawn - - - - - - - 2 : 2 eg be hatte) 
Smell when analysed - - : - - ~ eG 2 e 32. (3) 
Chlorine-. -- of = 3 e-  e eee een  OO Oncan) 810 ~ _. (3) 
Solids in suspension - - - wha veg - - - (6.10 to 6°50) 6°33 (3): 
iemacer mineral matter- - - “F AtuTID 3 - (2°30 to 2:90) 2:57 nn 48): 
Solids by Centrifuge (vols.) - - ete esi - (74:0 to 87:0) 81-0 448 45/3) 
Ratio of Solids in suspension to Centrifuge Solids - (1: 116 to 1: 13°6) 1 ioe (3) 








These hourly sets of effluent were very uniform in composition throughout. The 
liquid of the effluents was clear and of a faint yellowish tint, but the samples all 
contained considerable quantities of very flocculent brown matter in suspension. These 
solids pass out of the filter unequally, and the above samples happened to be drawn at’ 
a time when rather large quantities were being washed out. One of the effluents was 
noted as having a slight smell of sewage, but the other two had a clean smell when drawn, 
and all of them a clean smell when analysed, while they all readily withstood incubation. 
It. will be seen that two-thirds of the nitrogen was present in them in the state of nitrate, 
but they also contained appreciable quantities of nitrite, especially after incubation, a 
sign that the oxidation had not reached its limit. This was, of course, mainly because 
of the suspended solids, which averaged fully six parts per 100,000, and therefore required 
to be settled out; but apart from this the effluents were of good quality. 


Contrasted with the hourly samples of sewage (with which they are comparable) 
we find the following reduction in figures :— 











Calculated on :— Per cent. | Estimations. 

Total Nitrogen: =.) = =. is iy ts about 47 (2) 
Ammoniacal Nitrogen - . . - : : 7 ; : » 8 (3) 
Albuminoid Nitrogen ; Z 2 A cig ete - - - nee . (3) 
‘Oxygen absorbed.” .atonce (A1-cnyf'-wamel Gp pace ele eee » 68 (3) 

a) fi in 4 hours - é . . é - - > - 29 yoarg (3) 
Solids in suspension . Sat Sa Boe See ee eee ea ee » 69° | (3) 
Mineral matter of solids - - : ss : | - - - — 45. (3) 








It is interesting to notice here that the loss of nitrogen amounted to 40 to 50 per 
cent. Another interesting point of those analyses is that the mineral matter of the 
suspended solids coming out of the filter averaged 2°6 parts, as against 47 parts going 
on in the suspended matter of the sewage. Any generalisation upon this point could 
only be made after a long series of estimations, but at the time in question there. 
was some deposition of mineral matter in the filter. 








+ This figure is probably a little too high. 


~~ 
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Chance Samples:—The seventeen chance samples of effluent examined chemically may 
with advantage be divided into two sets, A and B. Set A comprises the seven effluents 
Nos. 2, 4*, 6a, 8*, 10,11 and 451, the first five of which were drawn between December 
1898 and May 1899, and the last two in July, 1900, and January 1902. Four of them 
were drawn at 12 noon and the others at 2,3, and 4 p.m. Without having actual notes 
on the point, we are practically certain that they were all drawn from filter No. 1, the 
8-foot filter. All these samples, excepting No. 8, were drawn in dry weather. 


The following figures were obtained::— ~ 








Parts per 100,000.; Average. EER Sita 
Series A. 2 ie 
Ammoniacal Nitrogen - - - - - - (0:05 to 0°82) 0:26 (7) 
Albuminoid Nitrogen - - - + +=. - - ~~ - (0:05 to 0°36) 0°12 (7) 
Oxidized Nitrogen=- - - --  - - -  -  -~ - (8°91 to 6°56) 575 (7). 
a aie Nitrous Nitrogen - -. = = =. = (0:0 to 0:06) 0:02 (7)° 
Total Nitrogen - °°) - | - - - - - . - (7-11 and 6:37) (2) 
< Oxygen absorbed” at 27° C. (80° F-) in 3 minutest - - (0:14 to 0°44) 0:28 (6) 
Us “; - “s in 4 hours - + (0°73 to 1:14) 0-96 (7) 
Smells-when analysed -  - 902 tee a er aude Soe Suborrt A hecsier inf) 
Cs per litre :— : | 
Oxygen in solution ~ - ABS'E - - - - - (40 ap. to 67) 58 : (6) 





The samples of series A were all bright or very slightly opalescent and almost colourless, 
with only traces, or little more than traces, of matter in suspension. All of them had 
a perfectly clean smell when analysed.{ A glance at the above figures of analysis is sufficient 
to show the very high quality of these effluents, almost all their nitrogen being present 
in the state of nitrate (5°75 parts of nitric nitrogen on the average), with practically no 
nitrite. No 451, drawn in January, 1902, contained about 1 part of suspended solids, 
judging from the centrifuge figure, but up to that date apparently very little suspended 
matter at all had made its way through the filter. 


A duplicate sample of No. 11, drawn on July 17th, 1900, which was mercury-jointed, 
had not exhausted all its dissolved oxygen by November 26th, 7.e. it had only taken up 
about 0:8 part of oxygen (or about 6 c.c. per litre) in four months’ time. The high quality 
of the Ducat filter effluents, therefore, in the first year of the life of the filter, was very 
remarkable, and this may be said to have continued for two or three years. 


Four of the samples of Series A were boiled out for their dissolved gases, and were 
found to contain :— 

















C.C. of Gas per tre at N.T.P. No. 4. No. 6a. No. 8. No, 10. 
Free Carbon Dioxide - < - : - - on 3:9 3-7 | = 
Free and combined Carbon Dioxide - ied Ts 38:2 — ees 31:5 
Oxygen - SW 2 “padi 6:3 6-1 6:0 6°7 
Boh Se ea 13:9 13:3 13'8 151 


Apart irom the good oxygenation of the above samples, the figures are interesting 
as showing that so little free carbonic acid was left in solution in the effluent, the carbonic 
acid resulting from the oxidation of the organic matter having apparently been disengaged 
in the downward passage of the liquid through the filter, a result to be attributed to good 
aeration. 


. The siphoned liquid of these two samples was taken for analysis. 
+ At once, in the case of No, 451. 
{ Not noted in two cases, but it may be taken as certain. 
6225.—App. III. 2H 2 


244 


Series B.—The ten chance samples of unsettled effluent comprising Series B were Nos. 


515, 545, 3314, 3315, 3416, 671, 672, “x,” 703, and 728. 


They were drawn between — 
April, 1903, and October, 1904, for the most part in the spring and autumn months, between 
the hours of 6.30 a.m. and 5.30 p.m., but nearly all of them about mid-day or in the early 
afternoon. They probably represent, therefore, a tolerably good average of the day 
samples during those years. About three-fourths of the samples were drawn in dry 


weather. 


Six of the samples were drawn from No. 1 filter and two from No. 2 filter, while the 
remaining two samples were mixtures of effluent from both filters. The effluents from 
the two filters did not differ materially, excepting, perhaps, that those from No. 2 contained 
rather more suspended matter. They are therefore grouped together here. 


They gave the following figures :— 




















Parts per 100,000. Average. pean 
Ammoniacal Nitrogen - (0:08 to 1:20) 0°57 (8) 
Albuminoid Nitrogen - - (0°05 to 0:20) 0:13 (7) 
Total Organic Nitrogen - (0:33 to 0°48 7) 0-42 (5) 
(Oxidized Nitrogen - (2°40 ap. to 412) 3°51 (10) 
| Containing Nitrous Nitrogen - - - - - (0:0 to 0:07) 0:03 (10) 
Total Nitrogen -~ - - (3°53 to 5°14 ap.) 4:48 (7) 
‘Oxygen absorbed” at 27° C. (80° F.) at once - (0°30 to 0°88) 051 (9) 

. B 11 ay oa ote eee (1:14 to 2:89) 1:87 (9) 
Dissolved Oxygen taken up in 24 hours at 18°C. - (0-04 to 1:30) 0°62 ap. (7) 
Incubator test (Scudder) — - - - - - 5 ; 8 + (8) 
Incubator test (by smell) - ~ - 9+ (9) 

Smell when drawn : - - > < 9+ (9) 
Smell when analysed - - - - - 3 Eres 9+ (9) 
Chlorine.= 940s! 2 22 ha a ee nee (6:84 to9:10) | 771 (4) 
Solids in suspension -—" ~- 7) =e hia - (0°50 to 14:90) 5°20 (8) 
Solids by centrifuge (vols.) - (50 to 142°0) 53°7 (10) | 
Ratio of solids in suspension to centrifuge solids - (1: 9:1 to 1: 12°8) 1:10 (8) 
cc. per litre :— 
Oxygen in solution, when analysed (1:35 ap. to 6:2) 39 (6) 

















The above effluents were of the same type as those already described; that is 
to say, the liquid portion was clear, or nearly clear, and bright, with a slight brownish 
tint, but—especially as time went on—the quantity of granular flocculent solids increased, 
the last sample examined (No. 728, drawn in October, 1904) containing as much as 14°9 
parts. The average for the whole ten samples was 5:2 parts, hence the effluents latterly 
required settlement. 


They all had a clean smell, both when drawn and when analysed, and all readily with- 
stood incubation. 


Some of them took up rather considerable quantities of dissolved oxygen in 24 hours, 
especially No. 728, but this was due to the suspended matter. Apart from this suspended 
matter, they were of very good quality. 


On the average, the effluents of Series B. stood about midway in quality between the 
early chance samples of Series A., which were of exceptionally high class, and the hourly 
samples. With the continued use of such a fine-grained filter treating a rather strong 
laundry sewage containing about 20 parts of suspended solids, there must necessarily 
be a tendency for incompletely oxidized organic matter to go on accumulating in the small 
interstices of the filtering material. And, assuming aeration to continue perfect, and 
nitrification to go on as actively as ever, this organic matter will use up some of the nitrate 
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formed from the liquid of the sewage. 
and also containing less total nitrogen. 
figures of the various analyses, thus : 





Parts per 100,000. 


_ Nitric Nitrogen. 


The result will be an effluent less rich in nitrate, 
This is broadly shown, we think, from the average 








a 
Nitrous and Total Nitrogen. 








Effluents, Series A. - - - = M : i ¥ 
Series B. - - Z| 3 


Hourly Samples - - : es . : 





58 6°5 ap. (inferred) 
35 45 
2°5 3°6 














Another possible explanation, on the assumption that, with partial clogging of the filter, 
aeration became less perfect (though our present evidence is against this), would be that 
less of the nitrogen reached the final stage of nitrate and that more nitrite was decomposed 


as the filter became older. 


In fact, as time goes on, such a filter must be called upon to treat an augmenting quantity 
of organic impurity, unless an equilibrum ultimately establishes itself between the 
suspended colloidal and organic matter going on to the filter and that coming out of it. 


Several of the effluents of Series B. were analysed in duplicate, both before and after 
filtration through paper, in order to ascertain to what extent the figures of analysis were 


affected by the suspended solids present. 


The following average figures were in this way 


obtained from Nos. 3314, 3315, 3416, 671, “x” and 708. 











Original Batont| Aer lbration | Number of 
Albuminoid Nitrogen- —- 0-12 0-06 (5) 
“ Oxygen absorbed ” at 27° C. at once 0°52 0:30 | (5) 

i. re » » m*4 hours - 1:88 1:07 (5) 
Dissolved Oxygen taken up at 18° C. in 24 howrs 0-76 0-13 (4) 
Solids in Suspension - - - - - 4-49 (5) 
Solids by Centrifuge (vols.) —- ob 45°40 (5) 














These figures require practically no comment. They show the excellent quality of the 


liquid portion of the Hendon Ducat filter effluent. 


One or two figures may also be given at this point, showing the quantities of dissolved 
oxygen taken up by two of the effluents under different conditions of time and temperature : 


Oxygen taken up in 24 hours at 18° C. 
%9 6 hours at 27°C. - ey Geneha: 
” % 4 hours at 37°C. - a ee 


Solids in suspension - - : : : 


» 








Oxygen taken up in 24 hours at about 18° C.* 
” ”? 48 ” ” m 
” +P 96 ” ”? "i F * 


Solids in suspension - - = S - “ : 


Effluent No. 545. — 





0:04 

0-0 

0:04 
about 1:0 { ee ae 








Effluent No. X. 


Career F pe Notes 
0.33 0-14 
0:57 0:20 
0°75 0°33 
770 














The first of these effluents showed too little absorption to allow of any comparison of 


figures. 


In the case of No. “x,” it will be noted that the absorption during the first day 


*The temperature of the incubator fell to 14° C. during the second night and to 13° during the fourth 


night of the experiment. 
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was oreater than during the second, and so on; this gradually decreasing absorption by 
the carbonaceous matter present may, as a general rule, we think, be taken as characteristic 


of well purified effluents as a whole. 


Filtration of Sewage and of Effluent through a Pasteur-Chamberland Filter.—A few of 
the earlier samples of effluent were filtered through a Pasteur-Chamberland candle, but 
the effluents examined were already for the most part so pure that the results were in- 
determinate, the errors of analysis being relatively too great. It is well known that a 
sterile sewage or effluent may be kept for an indefinite time without undergoing any but 
the slightest direct oxidation by atmospheric oxygen. 


The following simple experiment, made with one of the highly nitrated Ducat filter 
effluents in July, 1899, is of some interest. 

To a portion of the siphoned effluent, there was added on July 18th, about 0°1 per cent. 
of cane sugar, the mixture being left in a bottle only partly full. 


On July 21st the solution was cloudy with white flocculent matter, and it had a slight 
putrefactive odour. 


On July 26th it showed an abundant growth, had an odour of cheese, and contained 
no nitrite. . 


On September 5th it had a strong smell of sulphuretted hydrogen. | 


On September 12th it was analysed, with the following result. Alongside are placed the 
figures given by a portion of the original siphoned effluent, as analysed on September 8th. 





Original — | Effluent to which sugar 














7 Effluent. |. had been added.: . 
Ammoniacal Nitrogen - - : . : - . - - 0-05 1:19 
Albuminoid Nitrogen -  -\ -~ - Spier Ms eae eS 0:07 0°79 
Total Organic Nitrogen = | 790) = = 0-17 1°79 
Nitrous Nitrogen - - : - . : - : ; - 0-0 | “% 
Nitric Nitrogen - -~ - : - er Gas 6°79 — 
Total Nitrogen. jrnollgaces cd woede-wad? <necidoo cee 7:04 aorepeo, 





The above experiment illustrates very clearly how, under favourable conditions, organic 
growths can be produced by the addition.to a highly nitrated.and well purified (but 
not sterile) efluent of a solution containing carbonaceous organic matter, not in itself 
offensive. | 


Solids deposited in E fluent Channel.—On September 17th, 1903, a sample of the deposited 
sediment was collected from the effluent channel of No. 2 filter. On reaching the laboratory 
it was dried by evaporation on the water bath and the residue was then powdered up 
for analysis, with the following results :— 





Calculated on the dry 











material. 
Moisture - - : < , as z . - 10:12 per cent. —_— 
*Volatile Matter : é : . ‘ e - ASSO: sa; +48-7 per cent. 
Non Volatile - : : 3 : : 2 “ 2 46°08 a ee BL Sri a 
*Containing Nitrogen - - 2 2 : 2 = 5 3:08 ies9al 13:43. eae 





The sludge was then comparatively rich in nitrogenous matter. It consisted mainly 
of dark brown flocculent solids. 


Absorption of Dissolved Oxygen and Nitrate-—Between May 12th and 16th, 1904, an 
experiment was made with the object of determining whether, upon incubation of an 
effluent, all the dissolved oxygen present is taken up before the nitrite and nitrate are 


j 


; 
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attacked, or whether both are absorbed simultaneously. For this purpose a mixed sample 
of effluent from filter No. 1, drawn May 11th, 1904, at 1.50 p.m., and from filter No. 2, 
drawn May 11th, 1904, at 2 p.m., was taken. The two Winchester quarts of these 
samples were mixed and the mixture again divided into two halves, one of which was 
filtered through paper. . 


They gave the following analyses :— 




















Parts per 100,000. Original. | Paper filtered 
Ammoniacal Nitrogen - ne : 2 Od tJ “ei oe - . - 0°67 0-71 
Albuminoid Nitrogen - - = - -° = => = alti: Sis: 0:20 0:07 
Total Organic Nitrogen - . : - aid Pos . . - - 0:44 0-09 
Nigrous: Nitrogens:is595) ale! seme! worth Ce roee of lierere Gone 0:03 0:03 
Nitric Nitrogen - . - - - chelated - - - - 4:09 4:09* 
Total Nitrogen - - - + : - - isl ie ea - - 5:23 4-92 
“ Oxygen absorbed ” at 27° C. (80° F.) at once -— - - . 7 0:53 0:32 
5 eae bs in 4 hours - - - - . - 2°14 0:94 
Incubator test (Scudder) oe - - - Not noted. > 
ious sb ROAR Re kt keto tae dio ts + +. 
Solids.in Suspension , =)::» - - cNLELAE - - pie gies : 77 _ 
Solids by centrifuge (vols.) - - - - - - - - . 76°4 — 
Dissolved Oxygen taken .up in 24 hours at 14°-18° C. - —- ; RT 0:33 0:14 
c.c. per litre 
Oxygenin Solution - - = - : s Samat - : ; = 5:25 6°80 





Portions of the above effluents were then incubated for one, two and four days, and 
determinations made each day of: (1) the dissolved oxygen and (2) the (nitrite and 
nitrate) remaining in solution, thus :— : 


























— Original Sample. Paper filtered Sample. 
Nitrous and : Nitrous and 
Parts per 100,000. Nitric Nitrogen. Dif. Nitric Nitrogen. Dif. 
” 13th z = - ns 3°95 \ 3°89 | 
0:03 0:06 
SAE eit riers tr} ur - 3:92 J 3:95 ; 
pie - (ebie 03 2! 385 | (O07 3°79 goosno? £8 
Total diminution of Oxidized . 
Nitrogenin4days -~ - — 0:27 _— 0°33 
Oxygen in Dif Oxygen in Dif 
Parts per 100,000. Solution. . Solution. a 
May 12th - - - - 0-75 | 085 0°86 | 018 
RIS hee. 0°40 \ 0:92 0-71 ‘ 6-05 
Pee |.» 0:18 . 0-66 { oe 
Sig giete ee gee Forte 0:00 } 018+ 0°53 J 
Total absorption of dissolved 
Oxygenin4ddays - - -— 0°75 +x —_ 0°33 














* Nitrate was only determined on the original sample. 
+ The oxygen of this incubated sample was exhausted. 
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gen i Oxygen in | ; 
Or, c.c. per litre. ies Dif. Sel non. Dif. 
May 12th - = - : 5:25 \ 9-45 6:00 \ 1-00 
9 13th < = = = 2°80 | 150 5:00 \ 0°40 
» sath : : 1:30 f 4°60 f 
Obl ie : ; : 0:0 \ 1:30.+- = 3°70 \ 0:90 
525 +x | aa | 2-30 








le The raising of the temperature of the liquids in the foregoing experiment, from 
that of the leboriidry in May (say, about 13° C.) to 27° C., the temperature of incuba- 
tion, would only increase the volume of the liquid by 0°3 per cent., so that any error 


introduced by it would be negligible. 


The above results are not conclusive, though they leave little doubt that, at all 
events in an effluent containing suspended matter, the dissolved oxygen is used up more 
rapidly than the nitrate, and is therefore a more readily available oxidising agent under 
such conditions. This is what one naturally expects on theoretical grounds, and 
it bears out the results of experiments made on very dilute liquids by Dr. Adeney.* 


Analysis of Ducat Filter Gases.—With a view of testing the actual degree of eration 
of the No. 1 Ducat filter, gas was drawn at different times from various points in the 
interior of the filter, by hammering into the clinker, horizontally, a piece of ordinary iron 
gas tubing, the far end of which was closed temporarily by a cork or a flat-headed 
nail. (If this precaution is not taken, the tube becomes tightly stopped with small 
fragments of clinker, which it is almost impossible afterwards to dislodge. Another 
necessary precaution is not to hammer the end of the tube itself, but to interpose a 
piece of wood. ‘The resistance of the tightly packed fine filtering material to the 
entrance of the tube is very considerable, and direct hammering distorts the circular 
bore, and may even crack the tube.) 


When the tube had been inserted to the required distance, the cork or nail 
at the far end was knocked out by means of a long iron rod. The projecting 
end of the iron tube was now connected by suitable rubber and glass tubing 
with an aspirating bottle, filled with water or clear effluent, and after it had 
been sufficiently ‘“ washed out”’ in this way with the filter gas, samples of the gas 
were drawn into suitable collecting bottles. (The glass tubes in those bottles should 
be so arranged that practically no water is left in the bottle along with the gases, other- 
wise a disproportionate amount of carbonic acid, if present, will be dissolved.) When 
the gases of Series 3 and 4 were drawn, some clay was plastered round the iron tube at the 
spot where it emerged from the filter, as an additional safeguard against any air finding 
its way into the interior of the filter along the outside of the tube, when the aspirator 
was set in motion. 


(When inserting the iron tube, care must be taken to keep it as far away as possible 
trom the nearest of the erating pipes which cross the filter from side to side.) 


The results of the examinations were as follows :— 


Series 1.—Drawn from No. 1 filter on Tuesday, March 21st, 1899, beginning 11.30 a.m. 
There had been 13° F. of frost during the preceding night. 























S. side of Filter: 3 Feet . : = 
; S. side of Filter: 6 Feet ve 
——— ae ee ie stony Nhe from outside, 7.¢., practicaliy sere oe 
andtebttom, in the middle of the Filter. Atmospheric 
; Air, 
Gases at N.T.P. Per cent. by Vol. (a) (5) (a) (>) 
Carbon Dioxide — - - Z ; 044+ 0:40 0:67 — Trace 
Oxygen 9 a a0 20°63 19°42 — 
Nitrogetis.g*) = 4 9- eeer aie 79°87 79°91 7975 791 














* See Fifth Report of Commission : Appendix VI, page 49. ; 
+ There was an appreciable omount of water (10 to 15 cc.) left in the sample bottle, which had a 
capacity of about 300 c.c. 


—i 
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“Series 2.—The gases of this series were.drawn on Tuesday, May 2nd, 1899, from points 
in the filter very near to those of Series 1. ; 






































; S. side of Filter, 3 feet from | S. side of Filter, 6 feet 
—— outside, and about half-way from outside, 7.¢., practically 
between top and bottom. from the middle of the filter. 
Gases at N.T.P. Per cent. by vol. (a) (d) Mean. (a) (5) Mean. 
Carbon Dioxide - : ei 0:36 0:13 0:25 0:05 Tr. 0:03 
Oxygen - - - - - 20°02 20°27 20°14 | 20°62 20°22 20°42 
ee ee Ce 79°62 79°61 79°61 79°33 79°78 79:55 








On both the above occasions, therefore, the gases in the interior of the filter were to all 
intents and purposes atmospheric air. At this time the filter was yielding a highly oxidised 
effluent, with nearly all its nitrogen in the form of nitrate. 


In October, 1904; General Ducat allowed us to experiment upon the effect of 
closing up the ends of the “ wall” pipes and of the “ through ”’ pipes with clay. Owing 
to pressure of other work this experiment was interrupted, and we are not in a position 
to report upon it. It is merely mentioned now, in order that the figures of analysis of 
some further samples of filter gases may be given. 


Serves 3.—The gases of this series were drawn on Friday, November 18th, 1904, at 
a time when (during the above experiment) the filter had become badly ponded all 
over the top, and a considerable quantity of untreated sewage was. getting into the 
effluent channel by pouring over the top of the filter; the effluent, however, still showed 
two parts of nitric nitrogen. 








A . B -C 
From §. side of Filter, . . 
From W. side of Filter, | near the middle longi- ue ae eet 
6 feet from outside, | tudinally, 4 feet from | jo studinall bit 
1.¢.,as nearly as possible; outside, and 4 feet 9 nae 15 aie aBeeS 
from the middle of | inches above the low- | 4 a Tenet illaere of 
the filter. . est layer of the actual Carn eee 
filtering material. 8 ; 








Gases at N.T.P. Per cent. by vol. eae g a/c 














Carbon Dioxide - - = - 0-29 0-02 0-04 
C3 a 20°67 al a 20-64 20:29 
Vo a a “79°04 79°34 79°59 





Here, again, the gases were practically atmospheric air. We hive not yet sufficient 
knowledge to comment on the above, beyond pointing out that the filter may be badly 
ponded on the surface and may yet remain well aerated at the middle, and near the bottom ; 
unfortunately no samples were drawn from near the top of the filter on this occasion.* 





* Note.—Precisely similar results were obtained in some experiments relating to the filter gases in a large 
Ducat filter at Leeds. As they bear upon this point, it has been thought advisable to include them here. 

A complete experimental installation of.the Ducat process, constructed at the Leeds sewage works during 
the year 1899, gave results which form an instructive part of the long series of experiments carried out at 
these works by Colonel T. W. Harding and Mr. W. H. Harrison between the years 1898 and 1905. 

Its history is given in the Report upon this work issued in June, 1905, under the section of ‘Crude 
Sewage Experiments on Percolating Filters,” page 94 (Report on experiments in sewage disposal by Colonel 
T. W. Harding and W. H. Harrison, M.Sc., City of Leeds, June, 1905). 

Briefly stated, it is a record of periodical surface clogging, resulting from the retention of the very fibrous 
suspended matter of the Leeds sewage on the surface of the fine clinker used as the filtering medium. 
First, the treatment of the Leeds crude sewage was tried, and afterwards the treatment of the liquor from 
the open septic tank. 

With crude sewage the filter became clogged on the surface within one or two months, while with septic 
tank liquor it lasted from two to three years, with occasional raking and resting. 

The filter was under observation for the Commission throughout the greater part of these experiments, 
and it was daring the fourth and fifth trials with screened sewage that the present observations upon the 
composition of the air in the interior of the filter were made. 
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In the fifth experimant the filter was started on October 18th, 1900, after the clogged surface material 
resulting from the previous experiments had been removed and the filter itself given a rest of fourteen days. 


The filter is 24 feet long, by 18 feet wide, by 10 feet decp. 


The rate of filtration was 52 gallons per cube yard per 24 hours. . 
The working of the filter is well seen in the following estimations of Dissolved Oxygen and Nitric 


Nitrogen, made upon samples of the filter effluent taken from time to time :— 


Sn  SEaGITEERRAaMn Gagealaaaiaddis aa Ce ee 








Dissolved Oxygen,| Nitric Nitrogen, in 
Date. inc.c. per litre. | parts per 100,000. Remarks. 
Octabermnisile . 2 Filter started. 
iy 20th- - - 6-0 24 
* Q3rd- - - 6:0 15 
rs 26th. - - 70 1:35 
November 2nd- : - 6:0 11 

: Sth- sae 6:0 1:25 

- 9th - - - 6:0 11 

x; 12th - - - 6:0 1:28 

* 16th - # : 6:0 The effluent began to fall off on this 
day, and a grey growth made its 
appearance in the effluent chamber. 

- 20th E 4:0 (approx) Effluent much deteriorated in appear- 
ance. 

ss OS9rd ah seh ees 5:0 0°85 Bed ponding in various places. __ 

2 27th - 5 2 4:0 1:0 The bed was rested all day on November 
27th because of a flood. It recovered 
considerably as a result of this rest, and 
the ponding decreased to some extent. 

December ist - : A 3:0 0:22 Ponding much increased. 

3rd - - : None 0.24 Bed under water. 

” 4th ri ; : ” 0:24 ” 9 

” 6th cS & = ” 0°40 ” ” 

” 7th = = ce ” 05 ” ”? 

” 10th = *, - ” 0°26 ” ” 

” 13th = i es ” 0714 ” ” 

. 18th - - - +3 0-19 ” 











The samples of air from the interior of the filter were drawn from the positions marked A, A, and B on 
the cross-section diagram below :— 


SecTION oF DucaT BED At LEEDS (TO SCALE). 
SURFACE, 





Note.—The pipes through which the gases were extracted were placed in the exact centre of the bed, lengthways. 


Sample No. 1 was drawn at A, on November 20th, 4 p.m., shortly after ponding had commenced on the 
surface of the filter. Its composition was as follows :— 
Gases at N.T.P. 
Per cent. by Volume. 


Carbon dioxide - : - : - - - 0°35* 

Oxygen - : 2 = : 4 - - - 20°25 

Nitrogen - - ~ | CARS ASF RI athe, 5 Son A OD 
100-00 


* Corrected for 0-08 of Carbon Dioxide in the 38 c.c. of water left in the gas sample bottle. 


Sample No. 2 was also drawn at A, on November 27th, 4.50 p.-m., when the surface of the filter was con- 
siderably ponded. No sewage was going on to the filter at this time. The filter was therefore in the process 
of recovering itself slightly. The composition of this sample was as follows :— 


Carbon Dioxide - : > : : a : : - 0:02 
OxyROB oss nt ode oe ee ee eR tice Me: - 20°56 
Nitrogen - e : in . E - - 79°42 


100:00 
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On December 7th, 1900, when the ponding had increased to a depth of 4 inches over almost the whole of 
the bed, a third sample, No. 3, was drawn, again at A. This had the following composition : — 


Carbon Dioxide - - 2 . . : : x Ni 0-06* 
Oxygen . : - - - - - - - - 20°61 
Nitrogen” - - : A : 2 4 3 3 - 79:33 
100:00 
*Corrected. 


Sample No. 4 was drawn at B, on December 8th, 11.30 a.m. the surface of the filter being still 4 inches 
under the ponded sewage. It had the following composition :— 


Carbon Dioxide -— - ee eee ny ee ree ee 0:0 
Oxygen - - ae - - ae nce aa 20D 
Nitrogen - - - - : = - - - + [9°42 

100:00 


All four samples therefore consisted practically of air. 

Since there was no dissolved oxygen in the filter effluent at the time the last three samples of gas were 
drawn, it was expected that the air in the interior oi the filter would show signs of being depleted of 
oxygen to some extent, and as the results appeared for this reason difficult to explain, a second series of 
samples was drawn and analysed. 


After a complete rest of thirty-six days (December 18th, 1900, to January 22nd, 1901, inclusive), during 
which time the clogged surface (about 1 inch deep) of the material was removed and replaced, the filter was 
again started on January 23rd, 1901. It again began to show signs of ponding after running for rather over 
a month, the effect of this on the filter effluent being tested by periodical estimations of Dissolved Oxygen 
and Nitric Nitrogen, as follows: — 


Dissolved Oxygen,| Nitric Nitrogen, in 


Date. in c.c. per litre. | parts per 100.000 eras 
1901. 
January 25th - < “ Filter started. 
February 4th - : - 6:0 2°10 
25 6th - . - 6:0 1:46 
» 14th - - - 6:0 0°88 
» 20th - - - 6°0 1:42 
be AV OR EE ats Z a 6:0 1:28 The filter showed signs of ponding when 
this sample was taken. 
March 13th - . - 35 0°75 
r 18th - - - 4°5 1:0 
“7 27th - f e _ 10 0:3 Surface of filter under water. 
April Ist ayy to; Trace. 0:23 % ” 


In this second series of gas samples, one sample, No. 5, was drawn from A, at 12 noon on February 19th, 
when the bed was working perfectly well and when no signs of ponding were apparent. Its percentage 
composition was :— . 

Carbon Dioxide - - - - - ah eps ive - 1:24 


Oxygen z : s : esa - - - -  .19°10 
Nitrogen ar) SP Sis De i a 
100-00 


Shortly after this the filter began to pond badly, and on March 29th, when the surface was again under 
water, the second sample of the series, No. 6, was drawn from B at 2.30 p.m. Its percentage composition 
was :— 


Carbon Dioxide - - - = . = = se ! 0-34 
Oxygen - - Sage. - - - = LS - 20°43 
Drragepen OF Pies ahi tala Ai nese Ui SAy aed: ven geqat923 

100-00 


The last two samples were drawn on April 1st, 1901, No. 7, from A, at 12.15 noon, and No. 8 from B at 
12.45 noon, the filter being still completely ponded. Their composition was as follows :— 











Se ee . No. 7. No. 8. 
Carbon Dioxide - < : 3 E . A 0:94 0-65 
ae 19°77 © 20°63 
Nitrogen - - - - - - - - 79.29 78°72 
100-00 ‘100-00 








The foregoing examination of filter gases from the Leeds Ducat filter showed that the filter continued, as 
at Hendon, well aerated all the time, at depths of 3 feet 2 inches, and 5 feet ; but there are no records of 
gases drawn from nearer the surface. The only difference in the figures of analysis—and that a slight one— 
was the greater quantity of carbon dioxide present in the gases drawn when the filter was producing a good 
effluent. 
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Ser es 4.—The gases of series 4 were drawn on Wednesday, December 7th, 1904, after 
the filter had been at rest since November 28rd, ¢.e., for two weeks subsequent to the 
ponding of the surface. The “ through” pipes and the heating pipes had been re- 
opened since November 28rd. The sludge on the top of the filter was now in the condition 
of a thick paste, while under the tipping troughs the clinker was free from sludge. 














A. B. C. 
From W. side of filter, From 8. side of filter From W. side of filter 
ae 6 feet from outside (very| (close to where sample | (close to where sample 
near to where sample A B. of series 3 was C. of series 8 was 
of series 3 was taken). taken). taken). 
Gases at N. T.P. 
Per cent. by Vol. 
Carbon Dioxide - . - 0°40 0°32 0:00 
Oxygen - - : - 20°04 20°92 20°63 
Nitrogen - -— - - 79°56 78°76 79°37 











Again, these gases were practically atmospheric air. 
Bacteriological Notes.—The bacteriological results are given in appendix C. 


Amount of Sewage treated upon the Filters.—From gaugings of the total flow of filter 
effluent, made every half-hour for three consecutive days in September, 1903, we found 
that the total quantity of sewage being dealt with by the process was approximately 
5,000 gallons per 24 hours. At this time, therefore, as each filter received half the total 
flow, the following quantities of crude sewage were being treated per day :— 


No. 1 filter (8 feet deep) : 


Per square yard per 24 hours” - - : - - 195 gallons. 

Per cube-yard--per-24-hours-———---—--.__ --._ --_ -._--— 465 =e 
No. 2 filter (10 feet deep): | 

Per square yard per 24 hours - - -  -  ~=+ 125 gallons. 

Per cuberyard per 24 hours - - - - - = 987.4,, 


When they were first brought into use, both filters received crude sewage at the rate 
of 175 gallons per square yard per 24 hours. The flow, therefore, has presumably become 
gradually less; but the above amounts may be taken to be approximately correct for 
the period throughout which our later observations have been made. 


Effect of Temperature on the Working of the Filters.—The temperature observations 
on the Ducat filters at Hendon have included measurements taken on the occasion of each 
visit to the installation, and also one set of measurements taken every few hours over a 
period of two days, in September, 1903. As the lowest effluent temperature measured in 
cold weather was 9° C. (48° F.), it may be safely inferred that the enclosing 
buildings and the artificial heating in winter months afford ample protection from the cold, 
and that there is therefore no danger of the filters being affected by frost. As a general rule, 
the effluent is slightly colder than the sewage, but at those times when the filter is 
warmed artificially, it is usually warmer than the sewage. The extreme differences noted 
were as follows :— | 








naa = Sewage. Effluent. 
Tone Se O08 os lic a ahewte 15°C. (59°F) 13:3°C. (56°F) 
March 21st, 1899 - = 9°C. (48°F.) 15°C. (59°F) 





a 
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SUMMARY. 


The dry-weather high level sewage which is treated on the Ducat filter at Hendon:is 
a domestic sewage of about average strength, containing some laundry refuse, but with 
only about 20 parts of suspended solids per 100,000. During the day hours, when it iis 
most concentrated, it is a strong sewage, and it may also contain at times large quantities 
of suspended matter. 


There is no grit settlement, the sewage being merely passed through a half-inch screen. 
On the other hand, this sewage does not represent a whole section of the high level sewage, 
being drawn at a point 4 inches above the bottom of the outfall sewer and also some dis- 
tance below the surface of the liquid. The fact, also, of the withdrawal pipe being placed at 
right angles to the main flow must necessarily mean that the filter does not receive its full 
proportion of the larger suspended matter, a circumstance which must have an important 
bearing upon the. working. 


The main features of this filter are :—(1) The open sides and the aérating pipes which 
pee through the body of the filter; (2) the fineness of the filtering material (j inch to 

# inch diameter), considered in reference to the relativels y large quantity of suspended matter 
in the liquid treated ; (8) the provision against the sewage ever acquiring a low temperature 
in its passage through the filter, by enclosing the whole in a building with a thatched roof, 
and by an arrangement of hot-water pipes in the lower part of the filter. 


Owing to the small size of the filtering medium, the undigested suspended matter of 
the sewage takes a long time to find its way through the filter. During the first two 
years or so of the working of the filters, the effluent contained very little matter 
in suspension, but after this the solids worked through in gradually increasing quantity. 
Assuming the rate of flow during the five years ending October, 1904,* to have averaged 
what we found in our measurements in September, 1903, then No. 1 filter treated during 
those years an average of 46°5 gallons of crude sewage per cube yard, per 24 hours; and 
on the same basis, No. 2 filter treated during the six years ending December, 1905, an 
average of 37°4 gallons. We understand, however, that at the commencement the filters 
were treating an average of about 66 and 53 gallons per cube yard respectively. Although 
at the two dates mentioned above the upper layers of clinker contained a good deal of 
sludge, both beds were still working freely. We are not in a position, therefore, to offer 
any estimate as to the probable limit of “ life ” of such a filter. 


We think that the main reasons why these fine-grained filters have been able to treat 
a liquid containing relatively so much suspended matter are :—(1) because the actual 
volume treated has not been-large for a percolating. filter... (2) because the flow of sewage 
has not been subject to large fluctuations, from flushes of storm water; and (3) because 
the good aération and the protection from cold afforded by the covered building, and by 
the artificial heating during the winter months, have assisted towards the conversion of 
the undigestible suspended solids of the sewage into such a granular form that 
they ultimately find their way through the interstices of the filtering medium. That 
this matter does get through is evidenced by the figure of 6 to 7 parts of suspended solids 
in the hourly samples of effluent examined, while a chance sample, drawn from No. 1 
filter in October, 1904, showed as much as 14°9 parts. The superintendent n charge of 
the installation informed us that he frequently noticed the beneficial effect of warming, 
in that it led to an increased quantity of solids issuing from the filter, and thereby relieved 
any local tendency to surface clogging. 


The distribution given by the tipping troughs is on the whole good, but the small slits 
in the channel from which the tippers are fed are apt to become blocked, and they therefore 
require a good deal of attention. This defect must of course be more pronounced the 
smaller the installation. The troughs themselves also require to be looked after to some 
extent. The system has, however, the advantage that the distribution is on the whole 
maintained, even if one or two troughs do get out of order, and, further, that it is indepen- 
dent of fluctuations in the flow. fe 





* At this time No. 1 filter began to be used for experimental purposes, 7.¢., it was no longer worked normally. 
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The various effluents examined at intervals over about seven years have—apart from 
the suspended matter in the later samples —always been of good quality chemically, and 
every sample has withstood incubation. The earlier samples were of very high class 
indeed, but, as the solids began to work through the filter (showing that they were present 
in the body of the filter in some quantity), the effluents became less highly nitrated an 
required settlement. At the same time the liquid portion of the effluent has continue 
very well purified throughout. Bacteriologically, there can be no question that th 
Ducat process is capable of effecting, for a prolonged period, a remarkable reduction in th 
number of bacteria in the Hendon high-level crude sewage. About half of the sample 
examined, out of a large number, yielded a negative result with a ten-thousandth of a 
cubic centimetre with the B. coli test and presumptive tests for B. coli. The results, 
as judged by the B. enteritidis sporogenes test, were also good. 


Outside the buildings which enclose the filters there is never any nuisance from smell, 
and the buildings themselves, with their thatched roofs, are not suggestive of sewage 


disposal works. 


In concluding this report we would like to acknowledge the kindness and assistance 
always extended to us by the late Colonel Ducat. We are also much indebted to 
General Ducat, and to Mr. Alfred Choat, who was in charge of the installation during our 


observations. 


ROYAL COMMISSION ON SEWAGE DISPOSAL. 


APPENDIX C. 


‘DUCAT’ FILTER PROCESS AT HENDON. 


RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF :— 


HENDON CRUDE SEWAGE (45 SAMPLES). 
EFFLUENTS FROM Ducat Finrers, No. 1 anp No. 2 (128 SAMPLEs). 


EFFLUENTS FROM Ducat FILTER AFTER SAND FILTRATION (52 SAMPLES). 


CONTENTS. 


GENERAL TABLE OF RESULTS. 


SuMMARY OF RESULTS. 





GENERAL REMARKS. 


ADDENDUM :---CONSIDERATION OF THE BACTERIOLOGICAL RESULTS IN RELATION TO 
PROVISIONAL STANDARDS (NoN-DRINKING WATER STREAMS). 


A. C. HOUSTON, 
Apri 1905. 
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ne a 


Deen eee ee a a aaa aaa 


4 (419) .. 
5 (421) .. 
6 (425) .. 
7 (429) . 
8 (433) .. 


9 (487) .. 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


20 


23 


24 (544) .. | 


25 (76) 


26 (80) 








Hour. 


1 


Description of the Sample. 


Time of Collection. 





Day. 
Month. 
Year. 


16 | 5 | 1899 
31 | 5 | 1899 
18 | 11 | 1901 
20 | 11 | 1901 
26 | 11 | 1901 
28 | 11 | 1901 
2 | 12 | 1901 
4 | 12 | 1901 
10 | 12 | 1901 
11 1902 
12 | 11 | 1902 
13 | 11 | 1902 


14 | 11 ] 1902 





17 | 11 | 1902 
1g | 11 | 1902 
19 | 11 | 1902 
20 | 11 | 1902 
26 | 11 | 1902 
27 | 11 | 1902 
28 | 11 | 1902 

1 | 12 | 1902 

2] 12 | 1902 


4] 6} 1908 


2.45 p.m. | 28] 7 | 1904 





. | 2.30 p.m, 21 8] 1904 




















Other Details. 


HENDON CRUDE 


Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude coweee 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 
Crude Sewage 


Crude Sewage 


SEWAGE. 





Total Number of 
Bacteria in 1 c.c. 


Gelatine 


at 20° C. 


8,700,000 


11,500,000 


32,000,000 


26,500,000 


| 46,400,000 


29,709,000 


27,100,000 














Agar at 
872C. 
730,000 
2,640,060 
3,070,000 


5,050,000 


3,480,000 


2,830, °00 


4,690,000 
1,920,000 
15,000,000 
14,000,000 
11,740,000 
4,000,000 
14,300,020 
5,300,000 
5,100,000 
14,300,0-0 
7,800,000 
8,300 000 
13,900,000 


12,400,000 


Number of B. Coli (or closel 
forms) in 1 ¢.c, 
































1,000 | 10,000 
‘O01 | ‘0001 
c.c, c.c. 

ae 





Chief Biological Oh 


y allied 
Gas. |Indol. (a) Ac 


Gelatine “shake” 














ters of the stra 
Coli present i 
number specifie 
Col. 3. 
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INATION OF HENDON CRUDE SEWAGE. 








B. Enteritidis Sporogenes Test. 


















































































































































78s.” Test. \ Spores of B. enhpribieis phon In.=Indol Test. Neutral-red Broth Test. 
’ production in gelatine genes (Klein’s “ enteritidis pan ay Po t he He 
e” cultures, 24 hours at | change” in anerobic milk cul- B.8.=B sa a a as pep paar setcerac on eda 
20° C, tures). Cultures heated to i 
80° C. for 10 minutes, No. REMARKS. 
ane <a | Pl eee 7 
100 /1,000 | 10,000 /100,000 | 1 | 10 | 100 |1,000 |10,000 | 100,000} 1 | 10 | 100 |1,000 |10,000 }100,000} 1 | 10 | 100]1,000| 10,000|100,000 
*O1 | 001 | 0001 | 00001} 1 | *1 | 01] *001 | 0001} 00001} 1 | -1 | -01 | -001 | 0001 | 00001 | 1 | “1 | -O2| -001| -0001 | -00001 
a0G.e;| €.¢,, |} C.c, Cc. |1CC.| 6.) c.c.| @.c. | cc. G.G, {'C,G;| C.¢.)ic.e. | C.G, | CC. G.C,,, | OCs, C. GL. CLC, G, Ca) C.Ce ice 
a ee ee rr eee 
| i | | j 
+} — | 1 
4 = 2 | 
e| 
Ee | 3 |B. pyocyaneus isolated 
| from this sample. 
In. i 
+ | + | — + — | | + 4 (419, t 
+ — + — ) oo 5 (421) 
In. ‘ 
+ Si st bile He 6 (425) 
i } 
te | 8 + | — = 7 (429) 
In. | 
* el a 1A Ges + 8 (433) 
| + ~ + a ot 9 (437 
In. 
+ + | — ee ie wee. 
ll 
( 12 
13 
14 
15 
16 
I 17 
18 
| 19 
| 20 
21 
22 
23 
j + = + 24 (544) 
+] — “ 25 (76) 
oe es + | 26 (80) 
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i 
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Time of Collection. 












































No. : 

‘ Hour. eel pee 

PIS | 8 

Ala] = 
27 (85) 3.5 p.m. | 3| 8 | 1904 
28 (89) 1.45 p.m. | 8] 8 | 1904 
29 (102) 3.20 p.m. | 9} 8 | 1904 
30 (109) 2.40 p.m. | 10] 8 | 1904 
31 (117) 4.15 p.m. | 1] 8 |£1904 
32 (185) 3.10 p.m. | 12] 9/| 1904 
33 (139) 3.16 p.m. | 13 | 9 | 1904 
34 (147) 3.20 p.m. | 16} 9 | 1904 
35 (151) 3.5p.m. | 22| 9] 1904 
36 (155) 3.12 p.m. | 23} 9 | 1904 
37 (159) | 3.24p.m. | 26} 9| 1904 
38 (163) 3.28 p.m. | 27 | 9] 1904 
89 (167) 3.22 p.m. | 28] 9 | 1904 
40 (171) 3.42 p.m. | 29 | 9 | 1904 
.41(179) | 3.17p.m. | 3] 10] 1904 
42 (183) 3.48p.m. | 4 | 10 | 1904 
43 (1t7) 3.0 p.m. 5 | 10 | 1904 
44 (14) 8.25 p.m. 6 | 10 | 1904 
45 (200) 3.8p.m. | 7] 10 | 1904 


Description of the Sample. 


Other Details. 


HENDON CRUDE SEWAGE 


Crude Sewage - - = 
CrudeSewage - - °- 
Crude Sewage - Bits 
Crude Sewage - -:- - 
ace Sewage - - - 
Crude Sewsge - 

Crude Sewage - - = 
Crude Sewage - : 5 
Crude Sewage - - = 
Crude Sewage - - a 
Crude Sewage - 5 3 
Crude Seware - A Gur 
Ciude Sewage - = 3 
Crude Sewage = - : z 
CrudeSewage - - - 
Crude Sewage - 3 
Crude Sewage sg Fa B 
Crude Sewage - 5 3 


Crude Sewage - - - 





Chief Biological Char 
ters of the strain o} ‘ 


Number of B. Coli (or closely allied 
forms) in 1 ¢.c. 


Total Number of 
Bacteria in 1 ¢.c. 
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3s “= 
4 tS) 
B| 2 
AO! Be 
ge 
Eee 
» i=] 
3 |65 




















St Ee Ca ee ee 


























Averages 


Gelatine at 20° C., 
25.985,714 per c.c. 


20 samples at 100,000 
1 sample at 10,000 


———, 


7,525,500 per c.c. 


ee 











Coli present in the 
number specified 
Col. 3. 









+ + + + + 
+ + + + + 
+ + + + + 








+ + + 
+ | = + 
+ + | + 
+ | — + 
+ + | + 
+ - | + 
+ + + 
+ + | + 
+} + + 


17 out of 21, indol 


clot. 

2 out of 21 neither is 
ror clot. 

2 out of 21 clot, bu 
indol. 
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ENDON ‘CRUDE SEWAGE—Continued. 





B. Enteritidis Sporogenes Test. 


“Gas” Test. 


Spores CK ie sgntariiials pore In.=Indol Test. Neutral-red Broth Test. 
" prodaction in gelatine genes ein’s “ enteritidis ee $ 
ke” cultures, 24 hours at | change” in anerobic milk cul- lai Door ee pep- hae eS ella ot 
20° C. tures). Cultures heated to s e 
80° C. for 10 minutes. No. REMARKS. 





LO | 100 | 1,000 | 10,000 |100,000 | 1} 10 | 100 /1,000|10,000 | 100,000} 1 | 10 | 100 |1,000 {10,000 |100,000| 1 | 10 | 100}1,000 | 10,000/100,000 


SS ee _——— | ——__| 








1 | °O1 | ‘001 | -0001 | 00001 | 1 | *1 | 01] -001|.:0001 | 00001 | 1 | *1 | -01 | -001 | :0001,| 00001 | 1 | “1 | -O1] 001 | -0001 | 00001 



































































































































su}, C.C.] C.C. | Oc.) | .c.c. | cil.c.c.| c.c.| c.c.:| c.c. G.C-5,/} €,C.] C.C.| c.c.| C.c. | ¢.c. 6.0; ese.) C:C.| Cc. @.1) C62) G.c- c.c. 
| | | | | 
| | 
| +|— + | 27 (85) 
| 
+] — + | 28(89) 
+ + | 29 (102) 
eA + | 30(109) 
ere | + | 31(117) 
B.S 
+ af a + | 82 (135) 
B.8 
+ + - + | 33 (139) 
* 
B.8 
oo + = + | 24 (147) 
B.S. 
+ + - + | 85 (151) 
B.S 
fs eee + | 86 (155) 
B.S 
+ a + 87 (159) 
B.8 
+ a + | 88 (163) 
B.8 
nt re a + | 39 (167) 
B.S 
+ + - fs 40 (171) 
| 
B.S 
+ + 2 | + ( 41(179) 
B.S. 
nm | ihe + | 42183) 
B.S 
a oe + 43 (187) 
i 
B.S. 
Bt ms = t + | 44(194) 
ae. | 
+ | + | - ap 45 (200) 
| 
1 test: All 4 samples 7 samples 10,000 With one exception the All 29 a 100,000 per 
),000 per c.c. 19 samples 1,000 } per c.c. samples yielded positive Gics 
salt tas peptone 6 samples 100 results with ‘001 c.c. 
t: All 14 samples 


000 per c.c. 


25.—App. TI. 


to 
A 
w 


























260 
RESULTS OF THE BACTERIOLOGICAL EXAMINATI(¢ 
ta < =- 1 =a 
cio aa 1 2 3 | 4 
Chief Biological Ch 
ters of the ile 
Coli present in 
Pesce puleaet aaa rani ie: Total Number of Number of B. Coli (or closely allied number specifi ; 
Bacteria in 1 ¢.c. forms) in 1 ¢c.c, Col. 3. 
Gas. |Indol. 
Spr Np i a, Pc Se a ee be 
J 
| Time of Collection. 2 : 33 
; 1 | 10 | 100 | 1,000} 10,000 | 100,c00 |2a@ 28 
N Other Details. ’ ONC] BR 
2 i : Gelatine Agar at | —-—_$} ———$ | ———_— | —___ | ___ Heol ag 
Hour. ee at 20°C. | 37°C. 4 ohte-g Sheu) ~areetonnd ga" | 36 
e | Sis €.0. 1 6.0. "| %¢.c, |" ¢.8.*] 0 G.es 32 | 4% 
Ala] > of |< 













































































1 | — 2| 5 | 1899) Final Effluent, Ducat’s Filter, 76,000 25,000 | | + i= < at re 
ce Hendon. | H 
| | | 
9 Bi ee 16| 5|1899| Final Effluent, Ducat’s Filter, 50,000 36,000 Pe eee epee ~ 
7 ; Hen on. | ; 
| | 
| 
3 {| _ 31] 5 | 1899 | Final Effluent, Ducat’s Filter, 87,000 77,000 | rea meee a iy Pi 
| Hendon. | 
4 ae -- 17; 7 | 1900 | Final Effluent, Ducat’s Filter, 
| Hendon. | | 
| | 
(418) .. | = 18 | 11 | 1901 | Final Effluent, No. 2Vilter .. | 1,368,000 182,400 + = + ie a 
{ { 
! 
6 (420) .. _ 18 | 11 | 1901 | Final Effluent, No.1 Filter... 370 000 34,000 | + - 
| 1 
| 
7 (422) .. — 20 | 11 | 1901 | Final Effluent, No. 1 Filter 
| 
8 (423)..{ — 20 | 11 | 1901 | Final Effluent, No. 2 Filter | 
| | 
9 (426) .. | _ 26 | 11 | 1901 | Final Effluent, No.1 Filter .. | 7,200,000 476,000 | | | + + + + } 
} | | 
| 
10 (427) .. | — 26 | 11 | 1901 | Final Effluent, No. 2 Filter .. | 3,650,000 132,000 | | ee ai ay + 
11 (480) .. — | 28} 11] 1903] Final Effluent, No. 1 Filter i 
| 
12 (431) .. = 28 11] 1901 | Final Effluent, No 2Filter .. 
13 (434) .. = | 2/12/1901 | Final Effluent, No.1 Filter .. | 7,600,000 280,000 | + _ a yl oe 
| | 
14 (435) .. | = 212) 1901 | Final Effluent, No.2 Filter .. 550,000 70,000 + = + | + Ps 
15 (488) .. | 4 12 | 1901 | Final Effluent, No. 1 Filter 
16 (459) .. — 4 | 12 | 1901 | Final Effluent, No.2 Filter .. 
we — 10 | 12 | 1901 | Final Effluent, No.1 Filter .. 160,000 | _ 22,000 rs 
; ' 
18 oo —_ 10 | 12 | 1901}| Final Effluent, No.2 Filter .. 120,000 24,000 | ts <= 
19 ée - 11 | 11 | 1902 | Final Effluent, No.1 Filter .. 954,000 
20 a — 11 | 11 | 1902 | Final Effluent, No.2 Filter .. 7,040 
ou se _ 12 | 11 | 1902 | Final Effluent, No.1 Filter .. 280,000 
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tHE Henpon Ducat Finrer ErrLuent—(continued). 





| 





B. Enteritidis Sporogenes Test. 


Spores of B, enteritidis sporo- 
genes (Klein’s “ enteritidis 
change” in anwrobic milk cul- 


“Gas” Test. 


prodaction in gelatine 
” cultures, 24 hours at 
2 o 


























In.=Indol Test. 


B.S,=Bile-salt glucose pep- 
tone test. 






































Cc. tures). Cultures heated to 
80° C. for 10 minutes. 
100 |1,000 |10,000 100,000 | 1 | 10 | 100 |1,000 /10,000 |100,000) 1 | 10 | 100 |1,000 {10,000 100,000| 1 
“Ol | “001 | -O00L | 00001 | 1 “1 | ‘01 | ‘001 | 0001 | -00001 | 1 | ‘1 |} 01} 001 | 0001 | ‘00001 
BO,| G.C.) 6.C. CVCL aC) Cope, O.We.Cul CC, | C.C, GC. | CC)! C.C.| C.c, | e:0. |) Cec. ¢.c. 
+ \— 
, 
aa 
| 
oa —— 
= 7. . 
In. 
= +})/— + = 
i 
In. 
_ i + 
iim ee +] — 
| 
Se Mt sa Ei || ee 
In 
ote) lies ie ta + 
In. 
Svat es pd + 
ass Sea) 
| 
— + pens 
In. 
+{/— aegis | ye = 
In. 
= +|— 38 _ 
+|]— +|— 
— Js] ee 
| In 
be | +|— + | — 
In 
a sn |) ame + 
| 

















Neutral-red Broth Test. 


Greenish-yellow fluorescence, 
48 hours at 37° C. 


 — 


10 | 100 |1,000 | 10,000} 100,000 





‘0001 | *00001 
c.c. C.C. 


*O1} °001 


€.C.) CC. 


De 
C.C.| C.c. 


No; 


REMARES. 


Se ee aa a ae ia 


me | 





+ 
eel Se 
os 
a5 
1 
a 
at, “. 
a a 
+ — 
a5 = 
+ — 
Ans 
+ = 
+ = 
£5 = 


Sateen g, 


6 (420) 


7 (422) 


8 (423) 


9 (426) 


10 (427) 


11 (430) 


12 (431) 


13 (434) 


1 14 (435) 


15 (488) 


16 (439) 


Owing, however, to ponding 


on top of filter. this efflu- 
ent was mixed with un- 
treated sewage. 





p see © == 


1 2 3 4 


a ee ae ee ee 













































































Coli present in the 
Description of the Sample. Total Number of Number of B. Coli (or closely allied numben, spociieg 
Bacteria in 1 ¢.c. forms) in 1 c.c. Col. 3. 
eg os eae ee es A) eee Gas. |Indol. (a) re 
> = (d) Cle 
Time of Collection. a3 gs 
SE | 5s | itm 
1 10 | 100 | 1,000] 10,000 | 100,c00 [2 %G 32 | milk ¢ 
No. Other Details. Games Adioat 2 2 ae o8 tees i 
5 y, = mON!] Ga at 37° L 
Hour. i ar ab 20°C. BEC. i [ree Ser) oor | "001 | ond Higa a ems 
: g 3 ciel | ciel lacier Ii cio! |e mere: C.c. 33 as | @) | ( 
J hg he 
sek Se ae Re Be, Bia Ss i ACSA GA! a ee! | , : 
| : 
| | 
22 = _ 12 | 11 | 1902 | Final Effluent, No.2 Filter... = 33,000 
| 
23 ee — 13 | 11 | 1902 | Final Effluent, No.1 Filter .. _ 174,000 
24 Be = 18 | 11 | 1902 | Final Effluent, No. 2 Filter oe — 48.000 
25 a = 14 | 11 | 1902 | Final Effluent, No.1 Filter .. = 1,500,000 
26 26 _ 14 | 11 | 1902 | Final Effluent, No.2 Filter .. _— 94,400 
27 An — 17 | 11 | 1902 | Final Effluent, No. 2 Filter .. — 450,009 
23 ie — 18 | 11 | 1902 | Final Effluent, No.1 Filter .. 328,000 
29 = = 18 | 11 | 1902 | Final Effluent, No.2 Filter .. 246,000 
30 a5 _ 19 | 11 | 1902 | Final Effluent, No.1 Filter .. 1,310,00C 
3i ae _ 19 | 11 | 1902 | Final Effluent, No.2 Filter .. 272,000 
32 Se — 20 | 11 | 1902 | Final Effluent, No.1 Filter .. 264,000 
33 ce _ 20 | 11 | 1902 | Final Effluent, No.2 Filter .. 48,800 
34 ss — 26 | 11 | 1902 | Final Effluent, No.1 Filter .. 1,360,000 
35 ae — 26 | 11 | 1902 | Final Effluent, No.2 Filter .. 41,200 
36 es — 27 | 11 | 1902 | Final Effluent, No.1 Filter .. 1,760,000 
37 = _— 27 | 11 | 1902 | Final Effluent, No. 2 Filter  .. 26,000 
i8 ee _ 28 | 11 | 1902 | Final Effluent, No. 1 Filter 340,000 
39 ee = 28 | 11 | 1902 | Final Effluent, No.2 Filter .. 46,000 | 
i 
40 xe -- ‘1 | 12 | 1902 | Final Effluent, No.1 Filter —.. 570,000 
i] . 
41 = 1 | 12 | 1902 | Final Effluent, No. 2 Filter = 169,000 
42 a = 2{ 12] 1902 | Final Effluent, No.1Filter .. =: 1,020,000 
43 ee — 2 12 | 1902,| Final Effluent, No. 2 Filter — 364,000 
} 
44 (515) .. = 2| & | 1903! Final Effluent, No 1 Filter (8 ft. 
deep). 
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THE Henpon Ducat Fitter ErrLtuENt—(continued). 











B. Enteritidis Sporogenes Test. 
“Gas” Test. 


Spores oe ie enteritidis sporo- In,=Indol Test. Neutral-red Broth Test. 
" prodaction in gelatine genes ein’s “ enteritidis ee bevellow Aucrestence 
e” cultures, 24 hoursat | change” in anerobic milk cul- Be yee pep- cad ye 4 urs at 37° C. : 
20°C, tures). Cultures heated to B 
80° C. for 10 minutes. No: REMARKS, 


) | 100 |1,000 10,000 |100,000} 1 | 10 | 100 /1,000 |10,000 } 100,000} 1 | 10 | 100 {1,000 |10,000 |100,000} 1 | 10 | 100}1,000} 10,000}100,000 
“OL | “O01 | 0001 | -00001 | 1 | “1 | *O1} “001 | ‘0001 | 00001 | 1 | “1 | -01 | -001 | 0001 | 00001 | 1 | ‘1 | 01} 001) ‘0001 } 00001 
| C.C.) Cle | C.C. | CC. |C.C.) CC.) C.C.} C.C. | CC. | CC. | C.C.| Cc.) c.c.| C.c.] Cc | GC. | C.C.| CC.) C.C.] C.C.] CC. C.C. 





\ | f | 


| 
23 
24 


27 






































28 


29 
































32 


33 





34 


35 





36 








37 











38 

















39 








40 








41 











42 











43 














e } 
| rd + | — | 44 (615) 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATI 











Chief Biological 

ters of the strain 

Coli present in 

Number of B. Coli (or closely allied number specifi 
forms) in 1 ¢.c. Col. 3. 


Gas. |Indol. 









Description of the Sample. 





Total Number of 
Bacteria in 1 c.c¢. 















en 



















Time of Collection. 28 a> 

ad | er 

( a45| 88 

No. Other Details. 100 | 1,000} 10,000 | 100,c¢00 a w0 FI Be 
a Gelatine | Agar at |——)———|———|____|___|______| 8 eo! 3 = 

Hour. Bs 2 # at 20° C. 87° C. ‘Ol “001 “0001 “00001 28 z $8 

g S a C.c. | Cc, c.c, C.c, 3 afi 




















45 (545) .. _ 4] 6] 1903 | Final Effluent, No. 1 Filter 
46 (601) .. 24 hours’ | 15] 9 | 1603 | Final Effluent, No.1 Filter .. + = a i se 
average 
47 (603) .. 24 hours’ | 16{ 9 | 1°03 | Final Effluent, No.1 Filter .. + = a as ct 
average 
48 (606) .. 24 hours’ | 17 | 9 | 1903 | Final Effluent, (?) No.1 Filter .. a = 4: a +. 
average 
49 (607) .. — 17} 9 | 1903 | Sample of Sediment collecte | in + a = Bb 
Effluent Caannel. 
50 (3416)... — 6} 3] 1904 | Mixed Final Effluent, both beds + — + + + 
51 (671) .. = 11| 4 | 1904 | Final Effluent, No. 2 Filter (10 ft. pes by) | Se 
deep). 
4 
52 (672) .. _ 11] 4 | 1904 | Final Effluent, No.1 Filter .. + —_ + |o+ + 
58 (708) .. _ 7| 6 | 1904 | Final Effluent, No.2Filter .. + Es + “ + 
54 (77) .. | 2.40p.m. | 28] 7} 1904 | Final Efflueut, No. 1 Filter 
55 (78) .. | 240 p.m. | 28] 7 | 1904 | Ducat Final Effluent, No. 2 Filter 








56 (81) .. 2.36 p.m. | 1| 8 | 1904 | Ducat Final Effluent, No. 1 Filter 





BF(S2)i-.. | 2'48'3p.m. 1] 8 | 1904 | Ducat Final Effluent, No. 2F.lter 
58 (86) .. 3.10 p.m. 3 | 8 | 1904 | Ducat Final Effluent, No. 1 Filter 


59 (87) .. | 38.27 p.m. 3 | 8 | 1904 | Ducat Final Effluent, No. 2 Filter 








— 


60 (90) .. | 2.51 p.m. 8 | 8 | 1904 | Ducat Final Effluent, No. 1 Filter 








61 (91) .. 3 p.m. 8 | 8] 1904 | Ducat Final Effluent, No. 2 Filter 





62 (108)... | 8.24p.m. 9] 8 | 1904 | Ducat Final Effiuent, No.1 Filter 





63 (104)... | 3.87 pm. 9| 8 | 1904 | Ducat Final Effluent, No. 2 Filter 


64 (110) .. | 244p.m. | 10] 8 | 1904 | Ducat Final Effluent, No. 1 Fil er f ‘ 




















65 (111).. | 2.53 p.m. | 10 | 8} 1904 | Ducat Final Effluent, No. 2 Filter 








66 (118) .. 4.18p.m, | 11} §& | 1904 | Ducat Final Effiuent, No. 1 Filter 


67 (119) .. 4.28p.m. | 11] 8} 1904 | Ducat Final Effluent, No. % Filte- 
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THE Hendon Ducat Finter Errtuent—(continued). 








sa gamma anaes ammammeal ee 
a | 


B. Enteritidis Sporogenes Test. 
“Gas” Test. 


Spores of B. enteritidis sporo- In,.=Indol Test. Neutral-red Broth Test. 
Yo 6 ‘ 
eee ee, thie Usa keke tid Hoek B.S.=Bile-salt glucose pep- Pee ee Ra oes 
PO, tures), Cultures heated to tone test. £5 hours a6 BF Cs 
80° ©. for 10 minutes. No: REMARKS, 





100 |1,000 | 10,000] 100,000 


100 | 1,000 {10,000 }100,000} 1 | 10 | 100|1,000 |10,000 |100,000} 1 | 10 | 100 |1,000 /10,000 |100,000| 1 | 10 


—_— | —_- | -— | — ——_ | | | | | | | ES SS ESS ES | S| | 

























































































01 | 001 | 0001 | 00001 | 1 | ‘1 | 01} 001 | 0001 | ‘00001 | 1 | -1 | -01 | -001 | -0001 | 00001 | 1 | 1 | ‘01| °001} 0001 | -00001 
/C.€.1 C.C. c.c. cc, Cc C.| C.C.| C.C.| C.C, | C.C. c.c. C.C.} C.C.| €.C.| C.C. | C.C. C.C. C.C.| €.C.] €.C.| €.C. | C.C. c.c, 
me eee Sees 45 (545) 
Pit |e + — | 46 (601) 
/ 

| Joi eS om +] — 47 (€0%) | 
i | 

1+ | + — | 48 (606) 
| | 
| 
/ 

+ | + | 49 (607) 
| 
| 
| 
| 
hel | 

ee | +i — | 50 (3416) 
| } 

ri Brg 51 (71) 

re Ae ren ee 52 (072) 

es + — | 53 (703 
i] 

+| — + | 54 (77) 

+| — a oe 55 (78) 

+ | 56 (81) 

rial es 57 (82) 


58 (86) | 





} 
+ 
+ — ; 59 (87) 
+ | 6) (90) | Hilters were stopped for 
the night of August 5th 
waile the sewage carriers 
were cleaned. 


+ _ ea 








+ | 62 (103) 
I 
- — | 63 (104) 
+ Pee | 64 (110) 


ee 21 65 ay 
+ | 66 (118) 
+ — | 67 (119) 


a, fhe 
ae bo 
aes 
cae 
eee 
| 
| 
+/- 
{ 
all - 
| + {- 
+] — 
| 
fh tea 
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: ; -REsvULtTs OF THE RacTERIOLOGICAL EXAMINATIC 
ets par RO a 8 Tost 








Chief Biological Che 
ters of the strain o 
Coli present in tl 


number specified 


i Sample. 
Description of the Sample. otal Namber ot 








































































































- Number of B. Coll (or closely allied 
Bacteria in 1 ¢.c. - forms) in 1 ¢.c. Col. 3.5 
a Gas. |Indol. (a) ‘Ka 
Time of Collection. 2s aa |. (Cl 
x rr ee ee pe el 3S a ] o 2 
5 wp (deat eh | Cit 
= ~Gehar Detatts: . 10 | 100 | 1,000] 10,000 } 100,000 |* 4G) 3° aie 
Gelatine | Agar at —|—— |---| ——2 #3). 22 phe) 
at 20 Cc. 37 Cc. 1 oi “01 “001 “0001 : -00001, S 5 c Ss 
Gc. | €.c. |se.c. |i¢.c. C.c. co, ‘\oe | B 
Aa pss 
68 (136) .. | 3.15p.m. | 12 1904 | Ducat Final Effluent, No. 1 Filter oe oe 
69 (187) .. | 3.18 p.m. | 12 1904 | Ducat Final Effluent, No. 2 Filter a Aa 
70 (140) .. | 3.20p.m. | 13 | 1904 | Ducat Final Effluent, No.1 Filter ae JY: aa 
71 (141) .. | 3.30 p.m. | 13 | 1904 | Ducat Final Effluent, No. 2 Filter os os 
7243) 2) Sts pims 4 1904 | Ducat Final Effiuent, No. 1 Filter 
kes E 
73 (144) .. | 3.24 p.m. | 14 | 1904 | Ducat Final Effluent, No. 2 Filter : 
74 (148) .. | 3.23 p.m. | 16 1904 Ducat Final Effluent, No. 1 Filt-r oe a a5 
75 (149) .. | 3.83 p.m. | 16 | 1904 | Ducat Fina] Effluent, No. 2 Filter a5 as 
76 (252) .. | 8.10 p.m. | 22 1904 | Ducat Final Effluent, No. 1 Filter + a 
i, F 
77 (153) .. | 3.20p.m. | 22 1904 | Ducat Final Effluent, No. 2 Filter 
78 (158) .. | 3.16 p.m. | 23 1904 | Ducat Final Effluent, No, 1 Filter + + + 
79 (157) .. | 8.27 p.m. | 23 1904 | Ducat Final Effluent, No. 2 Filter 7 ke + 
80 (160) .. | 3.27 p.m. | 26. . 1904 | Ducat Final, Effluent, No. 1 Filter iF i— 
81(161) .. | 3.39p.m. | 26 1904 | Ducat Final Effluent, No. 2 Filter Le i+ 
; eS 
82 (164) .. | 3.8L p.m. |:27 1904 Ducat Final Effluent, No, 1 Fi:ter + i+ 
83 165) .. | 3.40 p.m. | 27'} > 9 | 1904:) Ducat Final Effluent, No. 2 Filter + +) +) 
84 (169) .. | 3.33 p.m, | 2g | 9°} 1904 | Ducat Final Effluent, No. 2 Filter Ly eee 
‘ears 
Pa (172)°.. 3.45 p.m. | 29 1904;.| Ducat Final Effluent, No. 1 Filter i + + fbb ft 47 
86(173) .. | 3.54-p.m. | 29 | 1904 | Ducat Final Effluent, No. 2 Filter + + i ia 
} a 3 H 
87 (176) .. | 3.33 p.m. | 30 | 9 | 1904 | Ducat Final Effluent, No. 1 Filter i+ Le hp ibe 
vs ; 
88 (177) .. | 3.42 p.m. |} 30 1904 | Ducat Final Effluent, No. 2 Filter + fg tee ees 
ie i ~ 4 i ‘ i : ; 
89 (180) .. | 3.50 p.m. | 3 | 10 | 1904 | Ducat Final Effiuent, No, 1 Filter i + fd a 
90(181) .. | 3.33pm. | 3 1904 | Ducat Final Effluent, No. 2 Filter + ‘ee + + iE a4 
91 (184) .. | 3.52 p.m. } 4 1904 Ducat Final Efiuent, No. 1 Filter } $a ne i } Lt bean F ; 
b4 por Pid . ay 
, + ‘be 
92 see: -- | 33pm 5 1904 | Ducat F inal Effluent, No, 1 Filter oe 4 be 
a 2 . f j a | 
ae 
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“HE Huxpon Ducat Firrer Hrrnuent—(continued). 


: t t Na Seed 
5 es ; 8 f 9 
~~ enced, 


















B. Enteritidis Sporogenes Test. 








~ tant er 1 , | Spores of B, enteritidis. sporo, In,=Indol Test. Neutral-red Broth Test. © 

\" prodaction in gelatine” genes (Klein’s “enteritidis ~ eps - % 

ke” cultures, 24 hours at | change” in anerobic milk cul- ei ricer Pep Goce ear B ar Gwe Set ls Sass 
Bini 20" Os | tures). Cultures heated to CRE Mae Sa REMARKS 









80° C. for 10 minutes. 





No; 














0 | 100 |1,000 {10,000 {100,000}. 1 | 10 | 100|1,000 |10,000}100,000] 1 | 10 | 100 {1,000 |10,000 |100,000] 1 } 20. | 109 |1,000 | 10,000 10,000 ; ox 


| ea ee ee ee | 











1 | -1 | -01| -001| 0001 | -oo062 | 
C.C.} C.C.| C.C.} C.C.| C.C. C.Ce. 


“01 | 001 | 0001 | 00001 
C.C. | C.C. |) CC. 




























































































| 
H i : B.S. ' 
; + |+|— +] ot feboth |) tanlp Sesot |! 68 (186) | 4c! 
| | | | : 
i i B.S. |i 1 
Pie i i + |i. — + |} — }, 69 (187) 
4 : i ; <3 4 fy ‘ 5 £4 oat Eh aA ’ pan 
' } ' H H 
H ; 4 B.S. | . 
cece tA ot: + | 70 (140) 
Bs 4 : "63 
; ‘ B.S. i i 
is a } ey a + |} — | 71 (141) 
. : 
ae ; i B.S. Pe ft oA donload tare tenee!| 1 Roe ei 
Ce a ame { uc a i | + |. 72(148) 
; t t B.S. t f F 
ote i i + ly SRA E OE Siete ee oes —.| 78 (144) ©0824 +... fo 
i | 
} B.S. |} i 
i ae ' So ee + | 74 (148) ; : 
i ; astra? Estar’ es benz? z yg 
i B.S. | ; 
+) — . ct tae + | | — |i 7 (149); 
i B.S. |! ‘i 
| +) — i +], — ‘+ |) 76 (152): 
B.S. 4 +, gao8 20 a ee 
eee ; th + |) — | 77 a8); 
| aaa aie 
i a i . + — | 78 (158) 3 
J | ant ores € 
B.S 
heals ; CS +] - 79 (157) 
| . ; 
i | B.S 
: poe + + | }— |: 80 (260)! 
i BS. fd | 
+| — ey es +1 — |] | 81 (161) 
' } B.S ; { 
cere lice + + — 4}. 82 (164) 
i 
| B.S OE rea 
weal ot th +e) Se} 1 88 (165) 
i : } B.S { 
ae + ei Ee et te Tek 2k ED) 
| | | | | | | 
| cS j ae — 85 (172) | 
eee + | — | 86(173) 
H 1 H | 
i 
- F B.S aot a i 
aes | + + — | 87(176) 
B.S : 
aa Eee + il ae ©) ggqr7 
| B.S j 
% he a + + | €9(180) 
{ | A 
B.S. 
He [eee te +) — _ | 90 (181) 
; 
; B.S. 
io ee + + | — | 9184) 
. | 
+ 2 ie + | 92(188) 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATI 











SL tN a Ae Ee en te neta er 
1 2 | ; 8 / 4 

meetin 

ee Te Ee RE eS Chief Biological Cha: 


ters of the strain of 


Coli present in th 
Description of the Sample. oli pres: 








Total Number of Number of B. Coli (or closely allied number specitied 
Bacteria in 1 ¢.c. forms) in 1 ¢.c. ie 
ea iiEInIUnE: ERE SIREN SSERSERERERSn Inna Gas. |Iudol. (a) Aci 
Time of Collection. 2 3 P a |b) Ch 
28°] Sy | -cvem 

a -~ i . 
1 1 1,000 | 10, 100,000 [>| = | milk 
No. Other Details. 0 [100 [220001 129.000 Os 
: Gelatine | Agar at |———|———|—— Sa SR ae 
Hour. 3 Ps at 20° C. 87° C. 1 1 ‘Ol “001 “0001 “00001 3 5 rs é 
z |: Gc. | cc. | cc. | cc. | cc c.c. & -@ |ée| @ | 





93 (189) .. | 3.13 p.m. 5 | 10 | 1904 | Ducat Final Effluent, No. 2 Filter 





94 (195) .. | 3°28 p.m. 6 | 10 | 1904 | Ducat Final Effluent, No. 1 Filter 


£5 (196) .. | 3.35 p.m. 6 | 10 | 1904 | Ducat Final Effluent, No. 2 Filter 








96 ( 01).. | 8.12 p.m. } 7 | 10 | 1904 | Ducat Final Effluent, No. 1 Filter 


97 (202) .. | 8.20 p.m. 


7 


10 | 194 | Ducat Final Effluent, No. 2 Filter 


98 (232) .. | 3.15 p.m. | 26 | 10 | 1904 | Ducat Final Effluent, No. 2 Filter 





100 (242) .. | 3.20 p.m. | 31 | 10 , 1904 | Ducat Final Effluent, No. 2 Filter 


B01 (244)... | 8.25 p.m. 1 | 11 | 1804 | Ducat Final Effluent, No. 2 Filter 








102 (249) .. | 3.10 p.m. 2 11 | 1904 | Ducat Final Effinent, No. 2 Filter 
103 (283).. | 3.5 p.m. | 28 | 11 | 1904 | Ducat Final Effluent, No. 2 Filte 

i 

| 


104 (288) .. | 3.85 p.m. | 29 | 11 | 1904 | Ducat Final Effluent, No. 2 Filter 


| 


105 (290) .. | 3.10 p.m. | 30 | 11 | 1904 | Ducat Final Effluent, No. 2 Filter | 
106 (209) .. | 3.15 p.m. 5 | 12 | 1904 | Ducat Final Effluent, No. 2 Filter 
107 (305) .. | 3.55 p.m. | 7 | 12 | 1904 | Ducat Final Effluent, No. 2 Filter 


108 (311) .. | 3.10p.m. | 13 | 12 | 1904 | Ducat Final Effluent, No. 2 Filter 


99 (237)... | 3.16 p.m. | 28 | 10 | 1904 | Ducat Final Effluent, No. 2 Filter 





SS eS — — SS ee — ee eee ee ee 
+ + oo + ; 
= + + 
+ + + rs + 
EE oS EI OO Ee at OTR CE TE OORT ST AE ne rE ne Sea RS LN TS RE LS LR ee) a eS a ee a ee 
+ + + + + + = + + + + + 
+ + | | | + + + | | + + 
= ~ + .o + + + + + % + + 


+ +] 1 & 
109 (313)... | 3.20 p.m. | 14 | 12 | 1904 | Ducat Final Effluent, No. 2 Filter =e 
i | 
110 (316)... | 3.5 p.m. | 16 | 12 | 1904 | Ducat Final Effluent, No.2Filter| + +) +] + 
111 (321) .. | 8.15 p.m. | 19 | 12 | 1904 | Ducat Final Effluent, No, 2 Filter + OW katie i 
112 (325) .. | 3.25 p.m. | 21 | 12 | 1904 | Dueat Final Effluent, No. 2 Filter + malt eg ge fae 
112 (326) .. | 3.15 p.m. | 28 | 12 | 1904 | Du-at Final Efftuent, No. 2 Filter ; ae if + ies 
i | | 
| | 
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THE HENDON Ducat Finter Erritvent—(continue 1). 






B. Enteritidis Sporogenes Test. 


“Gas” Test. Spores of B. enteritidis sporo- In.=Indol Test. 
' production in gelatine genes (Klein’ s “enteritidis B.8.=Bile-salt glucose pep- 
tone test, 


Neutral-red Broth Test. 


Greenish-yellow fluorescence, 


3” cultures, 24 hours at | change” in anewrobic milk cul- 48 hours at 87° C. 


aoe tures). Cultures heated to 


80° C. for 10 minutes. REMARES, 


No; 








“ 1,000 |10,000 100,000 | 1 | 10 | 100/1,000 |10,000 |100,000] 1 | 10 | 100 |1,000 |10,000 |100,000} 1 | 10 | 100 1,000 | 10,000) 100,000 







“Ol | 001 ag 00001 | 1 | “1 | °01} *001 | 0001 | 00001 | 1 | ‘1 | -01 | 001 | 0001 | 00001} 1 | *2 | °O1| -001) ‘0001 | 00001 
C.C.| C.C. C.C. |CC.| C.C.) C.c.| C.C. | CC. | CC. | CC.) C.C.)e.c.}| C.c.| Cc. | GC. | C.C.] C.C.|C.C.] C.c.| C.c. | Cc. 








+ — 


+ — | 94 (195) 


+ oe 95 (196) 





oe e — | 93(189) 
| 


+ | 96 (201) 
+{[— 97 (202) 
_ +|—- 98 (282) | 


B.8, 
— <= 99 (237) 


B.S, 
i +/— +|— 100 (242) | 
B.8. 
+t — Sef +] — 101 (244) 
B.S 
+] — +] — ae — | 102 (249) 
B.8. ; 
Ul) Se Ge wt i te — | 108 (283) 
B.S. 
fal) + — + — | 104 (288) 
B.S. | 
at ee a te + — | 105 (290) 
B.S. 
= dae ar a + — | 106 (290) 








+ — | 107 (305) 





+/|— 108 (311) 


+b 109 (313) 


-|— 110 (316) | 


+ | — | 1110621) 





eas 112 (326) | 


- f= 113 (326) 
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“Resorts oF THE Bacrerronoareat, ‘Ex aware 















































: ; ; hie Chief Biological Chi 
i aes of the Hae 
1 alent te: : jgeh Iebote8e oli present in t 
Teer tonge ehestepyle Total Number of Number of: B. ‘Colt (or closely allied ¢ number specified 
- , 903 Bacteria in 1.c.c. ' i forms) = CC, 3 13 s., Col. 3° 4 
ae TET = as eee ae eee Indol. (a) Ae 
“ime of Colléction.’ eve een aalieee ()C 
f sé |e. | aite 
K 5 a es ; } [ + OS pe ON Xe) 
No. Other Details.: 1 .-} 10 } 100 | 1,000 | 10,000 | 100,C00 |") 3°3 | milk 
: = ic aaa Td Gelatine | “Agar at |——|———| ——|__|—___ adel ns. edie 
Sis| 5 Be Th EE Ma eee eed Be eee eee eee 
) bt ages pe 
| ; | ‘ee 
114 (328).. | 3.35 p.m. | 30 | 12 | 1904 | Ducat Final Effluent, No. 2 Filter Hil ees a4 + + ah 
115 (330).. | 3.40p.m. | 2] 1] 1905 | Ducat Fi al Effluent, No. 2 Filter, +1 prsee ip eae 4 
116 (334)... | 3.85 p.m. | 3] 1 1905 | Ducat Final Effluent, No.2 Filter |) _ ie | i+ li+ | 4 
i a i 4 i 
: i i 
| ; thames i 
PLTA(337) cco eS. 2 5p. 1. 4 1 1905 Ducat Final Effluent, No, 2 Filter mela a ee a = +4 
118 (348) .. | 3.35p.m. | 6/ 1] 1905 | Ducat Final Effluent, No. 2 Filter i H <4 Wea Gok . See ee 4! 
ahh Fe - ; + i ie eee 
E a. |< eh 
. . oe eee 
11° (351) .. | 2.35p.m. | 9| 1] 1905 Ducat Final Effluent, No.2Filter | H u- arPdob e + | + + 
ies | ee 1 A eee | 
| mag. oe | peas 
120 (853) .. | 8.4)p.m. | 10| 1 | 1905 | Ducat Final Effluent, No. 2 Filter Hot | eeitig | ers + 
be ; i j A i ; : 
. |) Aes ae 
121 (358) .. | 3.30p.m. | 11) 1 | 1905 | Ducat Final Effluent, No. 2 Filter | | +] it ie z 
| ipa 1 ati 
| : ie Be oll 
122 (360) .. | 3.20p.m. | 13] 1} 1905 | Ducat Final] filuent, No.2 Filter Hoey ta ee pb oe + 
| it eer, 
i a a hoes \ 
‘ ki } } } } 
7123 (363) .. | 3.25p.m. | 16) 1 | 1905 | Ducat Final Efluent, No. 2 Filter i+ fl ee 
| : t 
t 
124 (366) .. | 3.10y7.m. | 17} 1 1905 | Ducat Final Effluent, No. 2 Filter . i+ at + + 
125 (857) .. | °.25p.m. | 18} 1 | 1905 | Ducat Final Effluent, No. 2 Filter ou ue here ee, 
ae 
126 (371) .. | 3.25 p.m. | 24/ 1) 1905 | Ducat Final Effluent, No. 2 Filter | , + aati + 
é | a + 
127 (376) .. | 3.10 p.m. |'25 | 1 | 1905 | Cucat Final Effuent, No. 2 Filter a i P+ [i+ + 
128 (388) .. | 3.10p.m. | 30 1 | 1905 | Ducat Final Effluent, No. 2 Filter |. & ae ae 
| 
3 : : i | | i ee 
(| Gelatine at 20° C. 11 samples of 100,000 wor “61 out of 73 both i 
1,930,090 per c.c. 26.8.3. Boe 0,009) per c.c. | | end clot. 
Agar at 37° C. 363 833 26) 4, 9 saat pl g000) ae +9 our cf73 neither i 
; per cic. i a2 : ale 100 ent ! | hot trace Jot, b 
. 4 samples negative C.C, { out © clo U 
AVLRAGES; , lsample negative ‘O0lq.c. | _ indol. 
. ; i 15 out of 73 indo!, 
: | no clot. ‘ 
\ | Sits ce 
i { H H i 
; P } i 
! a 
é I i 
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THE Henpon Ducar Fitter ‘ErrLuent—(continued). 










B, Enteritidis Sporogenes Test, 


) Gas” Test... Spores of B. enteritidis. sporo- 


ne In,=Indol Test, ~ Neutral-red Broth Test. 


' prodaction in gelatine . genes (Klein’s “enteritidis “ 
>” cultures, 24 hours at | change” in anzrobic milk cul- a 8.=B ca fcast wine pep: ek at eh Br C, Pritobi ics ‘ a 
20°C, tures). Cultures heated to ¥ , 


80° C. for 10 minutes. REMARKS, 

















ee) ee, ee ee ees Lee ee a ———$ |] | | — — | ———— | ——— 


‘01 | -001 | 0004 | 00002} 1 | +1 | +01] ‘oor | 0001 | -oo001 | *0001 | ‘00001 } 1 | ‘2 | °O1) 7001) ‘0001 | 00001 
| C.C.) CC. | ©.C | ©... (CC.| C.C.)-C.C.] CC. | CC | Co | C.c, | GC. | C.C.| C.C.|C.C.] C.C. | C.C. C.C. 













































































B.S, 
FE) pee, ar ee fA ee 114 (328) 
| B.S. 
are | ee 4 a + — 115 (330) 
B.S. ones | 
i +|— + — | 116(324) 
B.S, i 
+/—- +) - +) — 117 (337) 
B.8. 
: | +- H +.) — + >= a) 118 (348) 
i B.S. 
+ | — | +) — + — | 119 (351) 
i BS. 
| . + ae te + — | 120 (353) 
; B.8. 
/ et oe 5 een +/— 121 (358) 
B.8. 7 
+/— +|— +} — 122 (360) 
' 
B.8, 
ties - | oes + | — | 123 (363) 
H : B.8. 
a ff ht — 124 (366) | 
B.S 
i +) — +|— nr he 125 (867) 
B.S. 
. ae 4 +] — 126 (371) 
; i 
i ! B.S. 
+1 — +{— +] — 127 (376) 
; i B.S. : 
ee | + a + — 128 (388) 
i 
T f ; isa ae Fay aT DET ay Tie RGR Malin icc TEN a SS capeeueeceeeer 
‘ 
from + ‘1 c.c. to + °01 _ 2 samples at 10,000 Indol test— 18 samples at 100,000 
but more . freqi er 20 es » 1,000 |. > - samples at 100,000 on 42 FY Ape 10,000 
c.c. than + 01 c.c. SUP pt»  ) 300>2 iy leh phe edo.000.1 © Sones 33, 1,000 }PSF 
Ou ee en th. 10 Fe ° i tla 1,000 Bx, sz ee = 100 fees 
| <i agen) PEC ao 1 ” ” 10 


Bile salt glucose peptone test— 
: ; 6 samples at 100,000 
t 3 ; i : 24 Bs » 10,000 | per 
DIR ak ” “1,000 fee. 
Le s 100 


alten? 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF | 








pO aA as ranean nek koa iba ee In 
1 2 3 4 
1 ee ae nL ee ae Chief Biological Chara 


ters of the strain of | 
Coli present in the 








Description of the Sample. 




















Total Number of Number of B. Colf (or closely allied _ Dumber specified it 

Bacteria in 1 c.c. forms) in 1 c.c, Col. 3. 

i 2 
Time of Collection. a3 ao (d) Clot 
Se | (Litmu 
2 acs] H® ilk 
N Other Details. I 100 | 1,000 | 10,000 | 100,C00 285 $3 peau a 
0. : Gelatine | Agar at ee ere Bgelacl atsre 
Hour. , 3 F at 20° C. 87° C. 1 ‘01 {001 | 0002 “00001 3 E 3 8 

g g| 2 C.c, a6. | 06 | 00 | eo 18s [ao |) | 





1 = 17 | 7 | 1900] Final Effluent Ducat’s filter, 
after sand filtration, Hendon. 





(417) - 18 | 11 | 1901 | Final Effiunent Ducat’s, filter 43,000 9,300 + = + + se ; 
after sand filtration, Hendon. 


3 (424) — 20 | 11 | 1901 | Final Effluent Ducat’s filter, 
after sand filtration, Hendon. 





4 (428) —_ | 26 11 | 1901 | Final Effluent Ducat's filter, 18,000 2,300 (3 
after sand filtration, Hendon. 


6 (482) _ 28 | 11] 1901 | Final Fffluent Ducat’s filter, 
after sand flleration, Hendon. 


6 (436) _- 2 12] 1901 | Final Effluent Ducat’s filter, 63,000 3,50! 
after sand filtration, Hendon. 


7 (440) ~ 4 | 12/1901 | Final Effluent Ducat’s filter, 
after sand filtration, Hendon. 


8 _ 10 | 12} 1901 | Final Effluent Ducat’s filter, 39,000 2,00 
after sand filtration, Hendon.- 


“9 (79) 2.35 p.m. | 28/ 7 | 1904 | Final Effluent Ducat’s filter, 
after sand filtration, Hendon. 

10 (83) 2.45 p.m. 1 | 8] 1904] Final effluent Ducat’s filter, 
after sand filtration, Hendon. 

1 (88) 3.22 p.m. 3) 8] 1904} Final Effluent Ducat’s filter, 
after sand filtration, Hendon. 

12 (92) 2.57 p.m. 8| 8] 1904 | Final Effluent Ducat’s filter, 


after sand filtration, Hendon. 


138 (105) 3.30 p.m. 9 8 | 1904 | Final Effluent, Ducat’s filter, 
after sand filtration, Hendon. 





1 (112) 2.50 p.m. | 10 | 8 | 1904 Final Effluent, Ducat’s filter, 
after sand filtration, Hendon. 


Oo [—) 
1 
+ 
1 
| i 
a 
oe > 


after sand filtration, Hendon. 


16 (133) | 3.25p.m. |12| 9] 1904| Final Effluent, Ducat’s filter, + +) ees 
after sand filtration, Hendon. 
17(142) | 8.27p.m. | 13] 9 | 1904 | Final Effluent, Ducat's filter, + bee iy cell ho 





| 
5 (120) 4.24p.m. | 11} 8 | 1904 | Final Efflnent, Ducat's filter, 
after sand filtration, Hendon. 
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ON Ducat FILTER EFFLUENT AFTER SAND FILTRATION. 








B. Enteritidis Sporogenes Test. 
“Gas” Test. 
























































5 “ati Spores of = enteritidis pore In.=—Indol Test. Neutral-red Broth Test. 

rodaction in gelatine genes (Kleiu’s “‘ enteritidis =. Pe 

‘cultures, 24 hours at | change” in anerobic milk cul- ae f,. Ball gipcone pep- a ce” 

20° C. tures). Cultures heated to 2 Eis . 
80° C. for 10 minutes. No. REMARKS, 

100 |1,000 }10,000 100,000} 1 | 10 | 100 /1,000 |10,000 | 100,000} 1 | 10 | 100 |1,000 |10,000 {100,000} 1 | 10 | 100/1,000| 10,000/100,000 

“OL | “O01 | 0001 | ‘00001 | 1 | “1 | 01} 001 | 0001} 00001 | 1 | *1 | -01] 001 | “0001 | 00001] 1 | 2 | 01] ‘001 | 0001 | -00001 

(C.| C.C.5) “C.c. I C.C.17)Gic.|'c.0.),6,¢.] Css] (C.0, C.C. | C.C.] C.C.] c.c.} -C.c, | €.c. | C.c. | C.c.] C.c.1 c.c.] C.c. | C.c. CG. 

| : 
PN Z 
In. 
- +) - + - a 2 (417) 
- +} - +] - 8 (424) 
In. 
+] - = +] - 4 (428) 
+|- +] - 5 (482) 
In. 
+] - +4 - + | - 6 (436) 
+] - +{/ - 7 (440) 
In. 
+ +] - - +|- 8 
= + - 9 (79) 
- de 10 (83) 
= + = 11 (88) 
fe oe +] - 12 (92) 
= oS 13 (103) 
= +] - 14 (112) 
3 +1 — 15 (120) 
{ 
B.S. 
= + | - +] —- 16 (138) 
aff B.S 

= + - + |= 17 (142) 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF T 


SSeS Se ee ee A Ls |CU 
8 4 




















































































































1 2 
——$———————— ch oc Chief Biological Char, 
ters of the sre o 
i Coli present in the 
Description of the Sample. Total Number of Number of B. Coli (or closely allied number specified i 
Bacteria in 1 ¢.c. forms) in 1 c.c, a a ae 
————_—— Gas. |Indol. (a) Acid 
Time of Collection. ge ao (0) Clo 
gE Se | (itm 
1 10 100 | 1,000} 10,000 | 100,C00 |: w75| 3% milk ¢ 
Other Details. oN, | 58 | tures, 5¢ 
No. Gelatine Agar at | | | f| BR Ae at 37° 
at 20° C. 87° C. 1 1 “01 -001 “0001 *00001 3 3 os : 
C.C..|\ 6.C..|_C.6.,. | 'C.C.. || 6.6: cic; Se as | (a) | 
————— 
3.20 p.m. | 14| 9 | 1904 | Final Effluent. Ducat’s filter, a 2 J 4 
AS (145) . after sand filtratiou, Hendon. | 
i 
3.28 p.m. | 16] 9 | 1904 | Final Effluent, Ducat’s filter, s ite x 4: 
ay 88) : after sand filtration, Hendon. 
20 (154) 3.16 p.m. | 22] 9 | 1904) Final Effluent, Dueat’s filter + + + + 
after sand filtration, Hendon. ; 
21 (158) 3.23pm. | 23} 9 | 1904 | Final Effiuent, Ducat’s filter, ots + + ot 
after sand filtration, Hendon. 
| | 
22 (162) 3.33 p.m. | 26] 9 | 1904 | Final Effluent, Ducat’s filter, + nf a2 + 
after sand filtr. tien, Hendon. \ 
23 (166) | 8.36p.m. | 27 | 9 | 1904 | Final Effluent, Ducat’s filter, + + + + 
after sand filtration, Hendon. 
| { 
24 (170) 3.28 p.m. | 28] 9 1904 | Final Effluent, Ducat’s filter, } + bu oP nu 
after sand filtration, Hendon. 
25 (174) 3°51 p.m. | 29| 9 | 1904 | Final Effiuent, Ducat’s filter, + + - + 
after sand filtration, Hendon. 
26 (178) 3.38 p.m. | 30] 9 | 1904 | Final Effluent, Ducat’s filter, + + + oe 
after sand filtration, Hendon. | 
| 
27 (182) 3.30p.m. | 8] 10 | 1904) Final Effluent, Pucats filter, + + oo o+ + 
after sand filtration, Hendon. 
28 (190 3.10 p.m. 5 | 10 | 1904 | Final Effivent, D cat's filter, ar + + + 
after sand filtration, Hendon. 
29 (197) 3.33 p.m, 6 | 10 | 1904 | Final Effiu nt, Ducat’s filter, oh + + Si 
after sand filtration, Hendon. 
1 
80 (203) 3.17 p.m. 7 | 10 | 1904 | Final Effluent, Dveat’s filter, F + + + | 
after sand filtration, Hendon. | 
31 (233) 3.20 p.m. | 25 | 10 | 1904 | Final Effluent, Ducat’s filter, +; ae Bs a 
aiter sand filtration, Henden. J 
' 
2 (233) 3.25p.m. | 28 | 10 | 1904 | Final Effluent, Ducat’s filter, a d + “i 
after sand filtration, Heudon. | 
33 (243) 3.25 p.m. | 31 | 10 | 1904 | Final Effluent, Dvcat’s filter, + + + Be 
after sand filtration, Hendon. 
34 (245) 3.33p.m. | 1] 11 | 1904 | Final Effluent, Ducat’s filter + 1s it + 
after sand filtration, Hendon. 
| 
{ f 4 | 
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yDoN Ducat Fitter EFrLuENT AFTER SAND FILTRATION—Continued. 


B, Enteritidis Sporogenes Test. 


tan aa it Spores of B. enberltidia. sporo- In.=Indol Test. Neutral-red Broth Test. 

" production in gelatine genes (Klein’s “ enteritidis aaeie - - 

e” cultures, 24 hours at | change” in anerobic milk cul- B.3.=B Bere eiene pep hie gti te ar C. coord) 
20° C, tures). Cultures heated to ate é 


80° C. for 10 minutes. 





. 
fe 


C.C.| C.C. | C.C, cc. |CC./ C.C.) C.C.| C.C. | CC. C.C. | C.C.| C.C.) CC.) C.C. | C.C. C.c. | C.C.| C.C.| C.C.| C.C, 
} 





B.3. 


B.S. 








B.S. 








B.S. 


















































B.S. 


B.S. 





B.S 
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c.c. 


100 | 1,000 |10,000 |100,000 | 1 | 10 | 100 /1,000 |10,000 |100,000} 1 | 10 | 100 |1,000 |10,000 |100,000} 1 | 10 | 100/1,000 | 10,000) 100,000 


oe ee ee | | | | | | | | | S| | | | | | 


*O1 | 001 | "0001 | 00001 | 1 | *1 | 01] °001 | ‘0001 | 00001} 1 | ‘1 | ‘01 | :001 | °0001 | 00001 | 1 | °1 | -O1| °001) 0001 | ‘00001 





C.c. 





No: 


18 (145) 


19 (150) 


20 (154) 


21 (158) 


22 (162) 


23 (166) 


24 (170) 


25 (174) 


26 (178) 


27 (182) 


28 (190) 


29 (197) 


30 (208) 


31 (233) 


33 (243) 


34 (245) 











—_—-— 


REMARKS, 


2M2 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF 































































































































1 2 8 4 
ME TL LO Le ea OS Chief Biological ( 
ters of the strat 
ipti ethesannic Coli present ir 
stead Oi RS Total Number of Number of B. Coli (or closely allied number specifi 
Bacteria in 1 ¢.c. forms) in 1 c.c. Col. 3. 
a Gas: Indol. (a) 4 
Time of Collection. 23 aa) 
ae | 2° 
ag ze (Li 
1 | 10 | 100 {1,000} 10,000 | 100,c00 |*—s <a] 2% | mi 
No Other Details. ’ : : <a>) 82-| tore 
: 3 Gelatine | Agar at |——j——-|———|—__|—___ 2S! oc = ee 
Hour. 2 | Silas at 20°C. STAC; 1 +1 ‘or | -oo1 | -o001 | -o0001 36 3 Bb 
E 3g 3 Cc. | ©.C. | Cc. | Ge. .C. €.¢. Se as | (a) 
35 (250) 3.16 p.m. 2/11} 1904 | Final Effluent, Ducat’s filter, ay BY as 1 
after sand filtration, Hendon. 
36 (291) 3.20 p.m. | 80 | 11 | 1904 | Final Effluent, Ducat’s filter, oe Pye + 5 
after sand filtration, Hendon. 
37 (298) 3.18 p.m. 2{12] 1904} Final Effluent, Ducat’s filter, + at + + 
after sand filtration, Hendon. 
38 (300) 3.22 a.m. 5 | 12} 1904 | Final Effluent, Ducat’s filter, ae + oe oe 
after sand filtration, Hendon. 
39 (304) 3.10 p.m. 6 | 12 | 1904 | Final Effluent, Ducat’s filter, + BS I + 
after sand filtration, Hendon. 
40 (306) 4 p.m. 7 | 12 | 1904 | Final Effluent, Ducat’s filter, + =e a + 
after sand filtration, Hendon. 
41 (312) 3.18 p.m. | 13 | 12 | 1904 | Final Effluent, Ducat’s fil er, + ~ + — ote 
aiter sand filtration, Hendon. 
42 (314) 3.30 p.m. | 14 | 12 | 1904 | Final Effiuent, Ducat’s filter, oe . + = | + 
after sand filtration, Hendon. 
43 (317) 3.10 p.m. | 16 | 12 | 1904 | Final Effluent, Ducat’s filter, ae + + ae 
after snd filtration, Hendon. 
44 (322) 3.22 p.m. | 19 | 12 | 1904 | Final Effluent Ducat’s filter, + + eh + 
after sand filtration, Hendon. 
45 (227) 3.20 p.m. | 28 | 12 | 1904 Final Effluent, Ducat’s filter, ah Uy ee <5 =r 
after sand filtration, Hendon. ; i 
46 (329) 3.41 p.m. | 30 | 12 | 1904 | Final Effluent, Ducat’s filter, a5 + at or 
after sand filtration, Hendon. 
47 (338) 3.20p.m. | 4] 1] 1905 | Final Effluent, Ducat’s filter, + + 25 15 
after sand filtration, Hendon. - F 
48 (352) | 2.40p.m. | 9} 1] 1905 | Final Effluent, Ducat’s filter, + Gb Beare yee 
after sand filtration, Hendon. 
49 (354) 3.45 p.m. | 10] 1 1905 | Final Effluent, Ducat’s fi'ter, + te =a a 
after sand filtration, Hendou. 
50 (359) 3.87 p.m. | 11] 1] 1905 | Final Effluent, Ducat’s filter, + ; 1% a ae 
after sand filtratioa, Hendon. 
51 (261) 3.25 p.m. | 13! 1] 1905 | Final Effluent, Ducat's filter, + + + + 
after sand filtration, Hendon. 
i 
52 (377) 3.15 p.m. | 25 1 1905 | Final Effiuent, Ducat’s filter, Gi a + + 
/ after sand filtration, Hendon. 
| 
Gelatine at 20° C. Sera per c.c 1 sample re i Shee 31 out of 39 indo} ar 
A t 37° C. 4,2 a2 9samplesat 1,00 } 
as hey 14 samples at > son (P27 © 1 out of 39 neither 
AVERAGES ; 15 samples at 10 nor clo 
1 sample negative ‘0001 c.c. 7 out of 39 clot bi 
J. sample negative ‘01 c.c, uudol, 
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DON Ducat Fitter EFFLUENT AFTER SAND FILTRATION—Continued. 


n 


“Gas” Test. 


“Gas” production in gelatine 
“shake” cultures, 24 hours at 


20° C, 


1 {| 10 {100 | 1,000 10,000 | 100,000 1 


1 { ‘1 | °01 | *Ou1 | -0001 
".C.) C.€.] €.c.| €.C. | C.c. 











“OOHOL 
c.c. 





B. Enteritidis Sporogenes Test. 


Spores of B. enteritidis sporo- 
genes (Kleiu’s “ enteritidix 
change” in anzrobic milk cul- 
tures). Cultures heated to 
80° C. for 10 minutes. 














ried between negative 1 c.c. 
nd positive ‘1 ¢c.c. 


a) 


| 
: 


In.=Indol Test. 


B.3.=Dile-salt g’co3e pep- 


tone test. 

















Neutral-red Broth Test. 


Greenish-yellow fluore:cence, 


48 hours at 37° C, 

















10 | 100 }1,000 10,000 100,000} 1 | 10 | 100 }1,000 {10,000 }100,000} 1 | 10 | 100}1,000| 10,00) 
1 | ‘1 | :01} 001 | 0001 | -00001 | 1 | *L | -01 | -001 | 0001 | 00001} 1 | “2 | °OL} -001] 0001 
© C.| BEC.) ©.C.15C.C. c.c. c.c. C.C.4) C.€. jic.c. | C.c. c.C. C.c. C.C.| C.C.| CC.) C.C. c.c. 
B.S. Z 
= =f a eae — 
B.S. 
+[- + | - + | - 
B.S. 
+|- + | - +| - 
| 
B.S. 
~— + —_— + =- 
B.S. 
+|— +] — +] - 
B.S. 
= ea ry +] -— 
B.S. 
= +] — + | - 
B.S. 
ap |i Ce (ios Re 
B.S. 
+|- +]— +| - 
B.S. 
ae a) = + = 
; B.S. 
+] — + + 
B.S, 
= ce te Fee ee 
B.S. 
+|— +] — + | - 
B.S. 
+|/— +[— +] - 
B.S. 
ae Seine + = 
B.S. 
+[— ares sett = 
B.S. 
= + — + 5 
B.S. 
x samples at 10 Indol test: 2 samples 10,000 
15 samples at 1 } per ac 1 sample 10,000) |... 14 samples 00 | 
lsample 1,000 f P&T °-¢ 24samples 109 ( Pet &-c. 


29 samples negative 1 ¢.c. 
l sample negative °1 c.c. 


1 sample negative ‘0001 c.c. 
01 c.c. 
Bile salt glucose peptone test: 


1 sample neg-tive 


8 samples 1,000 
14 samples 100} per c.c. 
15 samples 10 


10 samples 10 
1 sample negative °1 c.¢, 


100,000 


00°." 








No. 


35 (250) 


36 (291) 


37 (298) 


38 (300) 


39 (201) 


40 (306) 


41 (312) 


42 (314) 


43 (317) 


44 (322) 


45 (327) 


46 (329) 


47 (338) 


48 (352) 


49 (354) 


50 (359) 


51 (361) 


52 (377) 


REMARKS, 
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HENDON. 


SUMMARY OF RESULTS. 


CRUDE SEWAGE. 
Torat NuMBER oF BACTERIA PER CC. 


GELATINE AT 20° C. 


7 Samples. 
Average number — - - - - - -  - 25,985,714 
Greatest number - - - - - - - 46,400,000 


Smallest number - - - - : - - 8,700,000 





Approximate Estimate. 
6 samples over 10,000,000 bacteria per c.c. 


1 sample over 1,000,000 bacteria per c.c. 


AGAR AT 37° C. 


20 Samples. 


Average number - - - - = | Re - 17,525,500 
Greatest number = - = = Pee - - 15,000,000 
Smallest number = - - - - - - - 730,000 


Approximate Estimate. 
7 samples (85 per cent.) 10,000,000 bacteria per c.c. 
12 samples (66 per cent.) 1,000,000 bacteria per c.c. 


1 sample (5 per cent.) - 100,000 bacteria per c.c. 


‘These results may be illustrated by a diagram as follows :— 
HENDON CRUDE SEWAGE. 
Total Number of Bacteria (Agar at 37° C.). 
10,000,000 PYYTTTITTTTTTTTT TTT tri T rT about 35 per cent. 
about 60 per cent. @@e@@eeeeCeCCEO | 
1,000,000 @@@@OOSCOSOCOOOCOSOOOOCN EC OOOOOCOOCOOHOOOOOOOSE 


100,000 @@@@@ about 5 per cent. 
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HENDON CRUDE SEWAGE. 


Number oF B. Cour or Coui-LIKE MICROBES. 


21 Samples. 


Approximate Estimate. 


20 samples (about 95 per cent.) 100,000 per c.c. 


1 sample (about 5 per cent.) 10,000 per c.c. 


These results may be illustrated by a diagram as follows :— 


HENDON CRUDE SEWAGE. 


B. Coli Test. 


about 95 per cent. ©@@©@@e@ 


TYY YY IYI IIIa 


100,000 S@@@@@CSCOCSSCOCHSCAOCSOSSOCOSOCOCSSGCECCOCCeSCOCE 


10,000 @@@@@ about 5 per cent. 


With regard to the biological attributes of the B. coli or coli-like microbes isolated from 


the samples, about 80 per cent. were, on the basis of the tests employed, typical B. colli. 





* N.B.— It should be noted that the B. coli, indol, bile salt glucose peptone and neutral red broth tests were 
not “pushed” beyond jgo/pgo ©-C- 
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HENDON CRUDE SEWAGE. 


Invou TEsT, 


(Indol in broth cultures, 5 days at 37° C.) 


4 Samples. 





Approximate Estimate. 


All 4 samples 100,000 per c.c. 


The samples were, in this instance, too few in number to render it desirable to append 2 


diagram. 


Bite SALT GLucosE PEPTONE TEST. 


14 Samples. 


Approximate Estimate. 


All 14 samples (100 per cent.) 100,000 per cc. 


As all the samples examined by this test yielded the same result, it is unnecessary to append 
a diagram, 
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HENDON CRUDE SEWAGE. 


B. ENTERITIDIS SPOROGENES TEST. 


32 Samples. 


APPROXIMATE ESTIMATE. Ly ees 


7 samples (about 22 per cent.) 10,000 per c.c. 


19 » (about 59 per cent.) 1,000 per c.c. 


6 » (about 19 per cent.) 100 per c.c. 


4 
‘These results may be illustrated by a diagram, as follows :— 


HENDON CRUDE SEWAGE. 
B. Enteritidis Sporogenes Test. 


10,000 @©000006860006000080006 about 22 per cent. 


about 59 per cent. @@@@SOOOS 


1,000 9800009060600 0008 080086 OOOOCOOCOOOOOSSOECOOROOO9ECSS 


100 @@0600066060000960608 about 19 per cent. 
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HENDON CRUDE SEWAGE. 


Gas TEST, 


nl 


Gelatine “shake” cultures 24 hours at 20° C, 


7 samples. 


1 sample positive result with ‘0001 c.c. 


6 samples positive result with ‘001 c.. 


The samples were in this instance too few in number to render it desirable to append a 
diagram, 
Neurrat Rep Brora Test. 
29 samples. es: 
All 29 samples (100 per cent.) 100,000 per c.c. 


As all the samples examined. by this.test.yielded the same result, it-is unnecessary to append 
a diagram, 
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Henpon....ucat. ,.FinTER.. EFFLUENTS.* 
ToraL NuMBER OF BACTERIA PER C.C, 


GELATINE AT 20° C. 


11 Samples. 


Pvreno DUNentanas Sasha se TNS! = 1,930,090 
Greatest number - NPDES aaa oe joe ° 7,600,000 
eee 50,000 


Smallest number - “ = = a 


Approximate Estimate. 
4 samples (about 36 per cent.) 1,000,000 bacteria per c.c. 
4 samples (about 36 per cent.) 100,000 bacteria per c.c. 


3 samples (about 27 per cent.) 10,000 bacteria, per c.c, 


These results may be illustrated by a diagram as follows :— 


Hendon Ducat Filter Effluent. 


Gelatine at 20° C. 


1,000,000 8900800066060 60000000000000000000008 about 36 per cent. 
100,000 9696666060000 0000600000800 680088008608 about 36 per cent. 


10,000 666060068 06000060660098006900 about 27 per cent. 





* The effluents from filters 1 and 2, are for convenience incorporated together in summarising the results. 


6225. —App. III. 2N2 
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Henpon Ducat Fitter EFFivent. 
AGAR AT 37° C. 
36 Samples. 


Average number 363,863. 
Greatest number 1,760,000. 


‘Smallest number, 7,040. 


Approximate Estimate. 


5 samples (about 14 per cent.) 1,000,000 bacteria per c.c. 
16 samples (about 44 per cent.) 100,000 __,, & 
14 samples (about 39 per cent.) 10,000 __,, “ 


1 sample (about 2 per cent.) 1,0002ar. 99 


These results may be illustrated by a diagram as follows :— 
Henpon Ducat Fitter EFFLuENt. 
Agar at 87° C, 


1,000,000 @@@OGOOOOSCSSE about 14 per cent. 


100,000 OBO OSS OOOOH OOGOOHOPOOSOSHOOHSHOOSOOHSOCHOHOSOSS about 
: 44 per cent. 


10,000 @@SOSRSOOCOSCOOOCSOSODEOOCHOOCOSOHSOOSEOOGE about 39 per 
cent. 


1,000 @@ about 2 per cent. 
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Henpon Ducat Fitter EFFLUENT. 


Number oF B. Coit or GOLI-LIKE MICROBES. 
80 Samples. 


' Approximate Estimate. — 


11 samples (about 14 per cent.) 100,000 per c.c. 
26 samples (about 32 per cent.) 10,000 per c.c. 
26 samples (about 32 per aoe) 1,000 per va 
12 samples (about 15 per cent.) 100 per c.c. 
4 samples (about 5 per cent.), negative result with ‘0001 c.c. 


1 sample (about -1 per cent.), negative result with 001 c.c. 


These results may be illustrated by a diagram as follows :— 


Henpon Ducat FILTER EFFLUENT. 


B. coli or coli-like microbes. 


100,000 @@@@eee0e000008 about 14 per cent. 


10,090 @S@eeeesceecececeeeececeeecaeoeooeoeee about 32 per cent. 


1,000 8900000008000 0006COSOSSSSSCSOROGE about 32 per cent. 
100 9@©@@@SeC@COCCCOS about 15 per cent. 
Negative ‘0001 c.c. about 5 per cent. 


Negative ‘001 ¢.c. about 1 per cent. 


With regard to the biological attributes of the B. coli or coli-like microbes isolated from the 


samples, about 69 per cent. were, on the basis of the tests employed, typical B. coli. 


1286 


rwaulws wars rao] wocagh 
Henpon Ducat Fitter EFFLUENT, 


Gas TEsT. 


Gas in gelatine’ “shake” cultures;*24 hours at 20° C. 
14 Samples. 


Approximate Estimate. 


6 samples (about 43 per cent.) positive ‘01 c.c. 


& samples (about 57 per cent.) positive ‘1 cc. 


These results may be illustrated by the following diagram :— 
Henvon Ducat Fitter EFFLUENT. 
Gas Test. 


_. about 43 per cent. 


Positive 01 cc. @@@COSSOCCCOOSCOSSEOSOOSOHSOOGESOSOSOSECOOOE 


about 57 per cent. G06C@C868CC006 


Positive ‘1 CC. @@SSSSSOOSOSOSSHOSSOSHSOOOHSSTOHSSOSSOSESEOE 
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- *Henpon ‘Duear Fitter Errtvent. 


B,—ENTERITIDIS SPOROGENES, TEST, 


103 Samples, 


Approximate Estimate. 


2 samples (about 2 per cent.) 10,000 per c.c. 
20 samples oar, i ee, 1,000 per cic. 
61 samples ee 59 per cent.) ) 100 per cc; 
16 purples (oE5E: 15 per cent.) — | ‘10 Ponce 


4 samples (about 4 per cent.) 1 per c.c, 
These results may be illustrated by a diagram as follows :— 


HENDON Ducat FinterR EFFLUENT. 


B. enteritidis sporogenes test. 


10,000 @@ about 2 per cent. 
1,000 eaaaaeacaaacaceeese® § about 19 per cent. 


about 59 per cent. @@@@@COG806 


100 2908080006 00000606006000000000888080000000000086008 


10 @©@CCOGOSOGCO06S about 15 per cent. 


1 @@@€ about 4 per cent. 
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Henpon Ducat Fitter EFFLueEnt. 
Inpo. TEst. 
Indol in broth cultures, 5 days at 37° C. 


8 Samples. 


Approximate Estimate. 


3 samples 100,000 per c.c. 
4 samples 10,000 per c.c. 


1 sample _1,000 per cc. 


The samples were in this instance too few in number to render it desirable to append a 


diagram. 


BrtE Satt GiucosE PEpTONE TEST. 
61 Samples. | 
Approximate Estimate. 


6 samples (about 10 per cent.) 100,000 per c.c. 
24 samples (about 39 per cent.) 10,000 per c.c. 
20 samples (about 33 per cent.) 1,000 per c.c. 


11 samples (about 18 per cent.) 100 per c.c. 
These results may be illustrated by a diagram as follows :— 
Henpon Ducat Firter EFFLUENT. 


Bile salt glucose peptone test. 


100,000 ©@@0@60006@ about 10 per cent. 
10,000 @@@@8CSOSOSO9COSOOHSHHSSEESSSHOHSEHOESS about 39 per cent. 
1,000 ©@@@OSSOCOOSOOSOSOOOOSOCSSCOOSSOSSH about 33 per cent. 


100 ©@SSSSSSCSOSOOOSSESS about 18 per cent. 
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HenpDon Ducat Fitter EFFLUENT. 


NEUTRAL RED Broty TEst. 


99 Samples. 


Approximate Estimate. 


18 samples (about 18 per cent.) 100,000 per c.c. 
42 samples (about 42 per cent.) 10,000 per c.c. 
32 samples (about 32 per cent.) 1,000 per c.c. 

6 samples (about 6 per cent.) 100 per c.c. 


1 sample (about 1 per cent.) 10 per c.c. 


These results may be illustrated by a diagram as follows :— 


Henpon Ducat FILtTerR EFFLUENT. 


Neutral red broth test. 


100,000 @@C@G@CCCCCCGCCCSe About 18 per cent. 


10,000 @@@@ 0000S CCC OSOCOCESHDQRC ODE CE CEOOROEeOee Se are 


1000 C@@CCOSCCCCCCCCCCCCCCCOQCeReERe® About 32 per cent. 
100 ©@@@@® about 6 per cent. 


10 @ about 1 per cent. 


6225.—App. III. 20 
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Henpon Ducat Fitter EFFLUENT AFTER SAND FILTRATION. 
NuMBER OF B. Cont oR CoLi-LIKE MICROBES. 
41 Samples. 


APPROXIMATE ESTIMATE. 


1 sample (about 2 percent.) 10,000 per cc. 

9 samples (about 22 per cent.) 1,000 per ce. 
14, ~=— (about 34 per cent.) 100 per c.c. 
Fo. (about 36 per cent.) 10 per c.c. 

1 sample (about 2 per cent.) negative ‘01 cc. 


1 , (about 2 percent.) negative 0001 c.c. 


These results may be illustrated by a diagram as follows :— 


Henpon Ducat FILTER EFFLUENT AFTER SAND FILTRATION. 


Number of B. Coli or Coli-like microbes. 
10,000 @@ about 2 per cent. 
1,000 SE@©@S8SSSSOCOOCCCOROCCEEE 2boUt 22 per cent. 
100 @09000000 0000000000 0000008080808888 about 34 per cent. 
10 39@0O0OOOCOOOO8O0OOOS088080668988SSER0C about 36 per cent. 
Negative ‘0001 about 2 per cent. 


Negative ‘01 about 2 per cent. | 


With regard to the biological attributes of the B. Coli or Coli-like microbes isolated from the 
samples, about 79 per cent. were, on the basis of the tests employed, typical B. Coll. 


6225.—App. III. 202 
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Henpon Ducat Fitter EFFLUENT AFTER SAND FILTRATION. 


Gas TEST. 
7 samples. 


Gas in gelatine “shake” cultures 24 hours at 202 C. 
2 samples, positive result with ‘1 c.c. 
2 samples, positive result with 1 c.c. 
3 samples, negative result with 1 c.c. 


The samples were in this instance too few in number to render it desirable to append a diagram. 


B. ENTERITIDIS SPOROGENES TEST. 


52 samples. 


APPROXIMATE ESTIMATE. 


7 samples (about 13 per cent.) 10 per c.c. 


15 » (about 29 per cent.) 1 per ce. 
29 » (about. 56 per ce t.) negative 1 ¢.¢. 
1 , (about 2 per cent.) negative ‘1 c.c. 


These results may be illustrated by a diagram as follcws :— 


HENDON Ducat FILTER EFFLUENT AFTER SAND FILTRATION. 


B. Enteritidis Sporogenes Test. 


10 S©@8CCGCCCCCR@ 2bout 13 per cent. | 


1 S8S8SSCCCCCOCSCCCOCOCOOCORELCCEE 2boUt 29 per cent, 


Negative 1 c.c. about 56 per cent. 


Negative ‘1 cc. about 2 per cent. 
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Henpon Ducat Fitter EFFLUENT AFTER SAND FILTRATION. 


InpoL TEsT. 
(Indol in broth cultures, 5 days at 37° C.) 


4 Samples. 


1 sample 10,000 per c.c. 


1 sample 1,000 per c.ec. 
1 sample negative result with -0001 c.c. 


1 sample negative result with ‘01 c.c. 


The samples were, in this instance, too few in number to render it desirable to append a 
diagram. 
Bitz Satt GiucosE PEeprone TEST. 
37 Samples. 


Approximate Estimate. 


8 samples (about 22 per cent.) 1,000 per c.c. 
14 samples (about 38 per cent.) 100 per c.c. 


15 samples (about 40 per cenv.) 10 per c.c 


These results may be illustrated by a diagram-as follows :— 


Henpon Ducat Fitter ErrLuENT AFTER SAND FILTRATION. 
Bile Salt Glucose Peptone Test. 


000 080600606000 00000000009 about 22 per cent. 
100 ©©00006000000000000000000800000CC000008 rout 38 per cent. 


10 ©0©0000 00000000 00000000060000800000890800880089 about 40 per cent. 
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Henpon Ducat Fivrer ErFLuENT AFTER SAND FILTRATION. 
NeutraL Rep Brotx TEst. 
51 Samples. 


Approximate Estimate. 


2 Samples (about 4 per cent.) 10,000 per c.c. 
14 Samples (about 27 per cent.) 1,000 per c.c. 
24 Samples (about 47 per cent.) 100 per c.c. 
10 Samples (about 20 per cent.) 10 per c.c. 


1 Sample (about 2 per cent.) negative ‘1 cc. 


These results may be illustrated by a diagram as follows :— 


HeNpDon Ducat FILTER EFFLUENT AFTER SAND FILTRATION. 
Neutral red broth test. 


10,000 @@@©@ about 4 per cent. 


1000 €@0@80000200000080800000800000 about 27 per cent. 


100 $9 @ 0000000000 080CO008888000088000000060800000808 about 
47 per cent. 


10 9000 000000000000000@ about 20 per cent. 
Negative ‘1 c.c., about 2 per cent. 
In order to facilitate comparison between the behaviour towards some of the tests employed 


of Hendon crude sewage, Hendon Ducat Filter effluent, and the Hendon Ducat Filter effluent 
subsequent to sand filtration, reference should be made to Diagrams N, O, P, and Q. > 
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GENERAL REMARKS. 


The investigation of the biological quality of Hendon crude sewage and of the effluents from 
the Ducat filters has been carried out at intervals during a period of five years (1899 to 1904 
inclusive). 


THE CRUDE SEWAGE, as regards the total number of microbes capable of growing on agar at 
37° C., yielded results as follows :—About 35 per cent. of the samples ten million per c.c.; about 
60 per cent. one million per c.c.; about 5 per cent. 100,000 per ¢.c. Thus, about 95 per cent. of the 
samples contained one million or more such bacteria per c.c. 


The results of the B. coli, neutral-red broth and bile salt glucose peptone tests, taken as a 
whole, would indicate that the crude sewage practically always yielded a positive result with 
ropsor ©&-¢. (00001 «.c.). 


Judged by the B. enteritidis sporogenes test, 22 °/, of the samples yielded positive result with 
qotos &¢. (0001 c.c.); 59% yielded positive result with >¢y55 ¢.c. (001 ¢.c.); 19 °/, yielded positive 
result with =3,5 ec. (01 «.c.). 


For graphical representation of the results, see Diagram N. 


The effluents from the Ducat Filters Nos. 1 and 2 are for convenience incorporated together, 
in making comparison of the results of the bacteriological examination. 


With regard to the total number of microbes capable of growing on agar at 37° C., about 14°/, 
of the effluents contained 1 million per c.c.; about 44°/, contained 100,000 per c.c.; about 39°/, 
contained 10,000 per c.c. ; about 2 °/, contained 1,000 per c.c. 


About 85 per cent. of the samples contained per c.c. less than one million bacteria capable of 
erowing in agar at 37° C.; whereas 95 per cent. of the samples of sewage contained per c.c., one 
million or more of such bacteria. 


The results of the B. coli, neutral-red broth and bile salt glucose peptone tests are broadly 
parallel, considered as a whole. 


The actual percentage figures are as follows :— 


HENDON Ducat Fitter EFFLUENTS. 








: Positive Result with— B. Coli Test. Neutral red Broth Test. Bile Salt Gilacone Peptone 

Mosowe i | MOOD Aen Ss 
00001 cc. - - - - \ About 14 per cent. About 18 per cent. About 10 per cent. 
At least 100,000 per c.c. - | 
Sj cr te a re | | 
0001 c.c. - - - -|+ About 32 per cent. About 42 per cent. - About 39 per cent. 
At least 10,000 per c.c. - - |) 

c.c. = - : - 

‘Qul ¢.c. - - S f,.bout 32* per cent. About 32 per cent. About 33 per cent. 
At least 1,000 per c.c. - - 
150 CC. - : 
“OL ¢.c. - - : = - About 15+ per cent. About 6 per cent. About 18 per cent. 
Atleast 100 perc. - - 





* About 5 per cent. yielded negative result with ‘0001 c.c. 
+ About 1 per cent. yielded negative result with ‘001 e.c. 


Considering together the results of the three foregoing tests, about six out of every seven samples 
of the Ducat filter effluent yielded negative results with z5a595 «.¢. (00001 c.c.); whereas practically 
all the samples of sewage yielded, when examined by these tests, positive results with zoqyo0 ¢.¢. 


(00001 c.c.). 


Further, about half of the samples of the Ducat effluent yielded a. negative result with yodoo 
2c, (0001 c.c.) 


Judged by the B enteritidis sporogenes test, the effluents from the Ducat filters were, generally 
speaking, about ten times purer than the crude sewage. For example, 59 per cent. of the samples of 
sew ige yielded positive result with 7,45 ¢.c. (001 ¢.c.) when submitted ‘to this test; whereas 59 per 
cent. uf the samples of the Ducat efluents yielded positive result with ;3, cc. (01 ¢.c.). 
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i tation of the results, see Diagram O. During the later stages of the 
Hoy gre piucu sup resen e, not so satisfactory as during the earlier period of the 


investigation the results were, on the whole, no t 
inquiry. Possibly this result was due to an increasingly large amount of suspended matter 7 





washed out of the filters. 


But there can be no question that the Ducat process is capable of effecting, for a prolonged 
period, a remarkable reduction in the number of bacteria 1n sewage. 


The results of the examination of the effluent from the Ducat filters after filtration through 
sand are, as regards the B. coli, neutral red broth and bile salt glucose peptone tests, broadly 
parallel. The actual percentage figures are as follows :— 


Henpvon Ducat Fitter EFFLUENTS AFTER SAND FILTRATION. 











Positive Result with— B. Coli Test. pha ss Broth Bile Salt a Peptone 

osou Cc - - - - | g 
0001 6.6. Pater = eee * About 2 per cent. About 4 per cent. — 
At least 10,000 perc.c. = - J 
1000 C.C. = = S < 
OUlec  - - - - About 22* per cent. About 27 per cent. About 22 per cent. 
At least 1,000 per c.c. : ' 
voc. 80° - - - 
‘01 ce. aunt eeyvssat: About 34 per cent. About 47 per cent. About 38 per cent. 
At least 190 per c.c. - 
tte: Ua ak 4s 
“ec: - - - - About 36+ per cent. About 20¢ per cent. About 40 per cent. 
At least 10 perc.c.  - - 


* About 2 per cent. yielded negative result with ‘0001 c.c. 
+ About 2 per cent. yielded negative result with °01 c.c. 
+ About 2 per cent. yielded negative result with °1 c.c. + 


Considering together the results of the three foregoing tests, all the samples of the Ducat effluent 
after sand filtration yielded a negative result with z5g/559 ¢.¢. (00001 c.c.); about 97 per cent. of the 
samples yielded a negative result with ,y355 ©. (0001 c.c.); and the great majority gave a 
negative result with 45 ¢.c. (‘001 c.c.). | 


Judged by the B. enteritidis sporogenes test, 56 per cent. of the samples of Ducat effluent after 
sand filtration yielded negative result with 1 c.c. Speaking generally on the basis of the combined 
results, the effluents from the Ducat filters were after sand filtration, considered by the results of 
this test, more than one hundred times purer than the effluents previous to sand filtration, and 
more than one thousand times purer than the Hendon crude sewage. It has been proposed in 
certain cases to subject sewage effluents to a final process of sand filtration. Unquestionably the 
foregoing results indicate that such treatment would reduce the number of bacteria to a remarkable 
extent. 


For graphical representation of the results, see Diagram P. 


With regard to the biological characters exhibited by microbes of the coli group isolated from 
the samples of («) Hendon crude sewage, (b) effluents from the Ducat filters, and (c) effluents from 
the Ducat filters subsequent to sand filtration, 80 per cent. of the coli microbes (21 specimens) 
isolated from (a) were identical with typical B. coli as regards formation of indol in broth cultures 
and production in litmus milk cultures of acidity and clotting; 69 per cent. of such microbes (73 
specimens) isolated from (6) were similarly typical; and 79 per cent. of the microbes (89 specimens) 
isolated from (c). From this it appears that with regard to the microbes of the coli group isolated 
from samples of Hendon crude sewage and from Ducat filter effluents, before and after sand filtration, 
the proportion of B. coli which tormed indol and acid clotting to coli-like microbes which 
were deficient in one or other of these attributes, does not vary within very wide limits. 


Further, it is obvious that the proportion of typical B. coli (as judged by the foregoing tests) to 
atypical coli-like microbes is great. Inasmuch as the effluents from the sand filter yielded propor - 
tuonately as many typical B. coli (on the basis of the tests employed) as the sewage, it cannot be said 
aes the cae effected any appreciable modification of the biological attributes of these intes- 

inal microbes, | 


In Diagram Q the results ot the bacteriological examination of Hendon crude sewage, Ducat 
filter eftluent, and Ducat filter effluent after sand filtration, are brought into comparison. Ona 
percentage basis of comparison the effluents were remarkably good, 
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ADDENDUM. 





CONSIDERATION OF THE BACTERIOLOGICAL RESULTS IN 
RELATION TO PROVISIONAL STANDARDS. 


(NON-DRINKING WATER STREAMS.) 


It is of interest to consider the foregoing results in relation to the primary and secondary 
standards, which have been tentatively suggested by me in previous reports to the Commission, for 
effluents destined to discharge into non-drinking water streams. I desire to take this opportunity 
of once more emphasising the statement that any standards which I have suggested, whether as 
regards drinking water streams, non-drinking water streams, potable waters, estuarial waters or 
shell fish, are provisional in character, being intended merely for comparative purposes, and have 
no administrative significance. 





Effiuents Destined to Discharge into 
Non-drinking Water Streams. 

















Tests. 
Primary Standards. Secondary Standards. 

Total number of bacteria (gelatine at 20° C.) 4 - - | Less than 100,000 per c.c. | Lass than 1,000,000 pere.c. 
Total number of bacteria (agar at 37° C.) - - - | Less than 10000 per c.c. | Less than 100,000 per c.c. 
B. colitest - - - : - - - - = 
ndol test - — - " é t : i ; ‘i , Less than 1,000 per c.c. | Less than 10,000 per c.c. 
Bile salt glucose peptone test - - - - . - | (— 001 c.c.) Corre} 

Neutral rea broth test 7 "- 9 - fre salad 

1 7 3 » In? 
Gas test (gas in gelatine “shake” cultures 24 hours at 20° C.) Less than 10 per c.c. Less than 100 per c.c. 
B. enteritidis sporogenes test - - - - - F (— ‘1 ec.) fe (01 Ge.) 








DESCRIPTION OF SAMPLE AND TESTS. 
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PRIMARY STANDARDS. 


“« Passed.” 





“* Rejected.” 


SECONDARY STANDARDS. 


‘* Passed.” 


“* Rejected.” 


a 


Hendon Crude Sewage. 


Total number of bacteria (gelatine at 20° C.) - - 
Total number of bacteria (agar at 37° C.) 
B. coli test 
Indol test - : : - 
Bile-salt glucose peptone test - 
Neutral red broth test = - - - - - - 
Gas test (24 hours at 20°C.) - : - = - 
B. enteritidis sporogenes test - 

Hendon Ducat Filter Effluent. 
Total number of bacteria (gelatine-at 209 C.)- © - 
Total number of bacteria (agar at 37°.C.) 
B. coli test - - . - = = - fs 
Indol test - 
Bile-salt glucose peptone test - 


Neutral red broth test’ - 4 . 


Gas test (24 hours at 20° C.) 
B. enteritidis sporogenes test. - . - - - 
Hendon Ducat Filter Effluent after sand filtration. 
Total number of bacteria (gelatine at 20° C.) - - 
Total number of bacteria (agar at 37° C.) shoe = 
B. coli test - : . = - 2 E 
Indol test - - - . - 5 : 
Bile-salt glucose peptone test - : 

Neutral red broth test - - : s 4 
Gas test (24 hours at 20°C.) - - E : : 


B. enteritidis sporogenes test - - - - 











None out of 7. 


None out of 20. 


None out of 21. 


None out of 4. 


None out of 14. 


None out of 29. 


None out of 7. 


None out of 32. 


3 out of 11 - 


(27 per cent.) : 


1 out of 36_ 
(3 per cent.) 


13 out of 80 
(16 per cent.) 


None out of 8. 
11 out of 61 
(18 per cent.) 


7 out of 99 
(7 per cent.) 


None out of 14 


4 out of 103 
(3°8 per cent.) 


All of 4. 
All of 4. 

30 out of 41 
(73 per cent.) 
1 out of 4. 
29 out of 37 
(78 per cent.) 


35 out of 51 
(69 per cent.) 


5 out of 7. 


45 out of 52 
(87 per cent.) 





All 7. 


All 20 
(100 per cent.) 


All 21 
(100 per cent). 


All 4. 


All 14 
(100 per cent. ) 


All 29 
(100 per cent.) 


All 7. 


All 32 
(100 per cent. ) 


8 out of 11 
(73 per cent.) 


35 out of 36 ~ 
(97 per cent.) 


67 out of 86 
(84 per cent.) 


All 8. 


50 out of 61 
(82 per cent.) 


92 out of 99 
(92 per cent.) 


All 14 
(100 per cent.) 


99 out of 103 


(96°1 per cent.) 


None of 4. 
None of 4. 
11 out of 41 
(27 per cent.) 
3 out of 4. 
8 out of 37 
(22 per cent.) 


16 out of 51 
(31 per cent.) 


2 out of 7. 


7 out of 52 
(13 per cent.) 


None cut of 7. 


None out of 20. 


None out of 21. 


None out of 4. 


None out of 14. 


None out of 29. 


None out of 7. 


None out of 32. 


7 out of 11 


(64 per cent.) ~ 


15 out of 36_| 
(42 per cent.) ~ 


43 out of 80... |:. 


(54 per cent.) 
1 out of 8. 


31 out of 61 
(51 per cent ) 


39 out of 99 
(39 per cent.) 


8 out of 14 
(57 per cent.) 


20 out of 103 


(19°4 per cent.) 


All of 4. 


All of 4. 


49 out of 41 


(98 per cent.) 


3 out of 4. 
All of 37 
(100 per cent.) 


49 out of 51 
(96 per cent.) 


All of 7. 


All of 52 


(100 per cent.) 


All 7. 


All 20 
(100 per cent. ) 


\ All 21 
(100 per cent.) 


All 4. 
All 14 
(100 per cent.) 


All 29 
(100 per cent.) 


All 7. 


All 32 
(100 per cent.) 


4 out of 11 
(36 per cent.) 


21 out of 36 
(58 per cent. ) 


37 out of 86 
(46 per cent.) 


7 out of 8. 


30 out of 61 
(49 per cent.) 


60 out of 99 
(60 per cent.) 


6 out of 14 
(43 per cent.) — 


83 out of 103 


(80°5 per cent. } 


None of 4. 
None of 4. 
1 out of 41 

(2 per cent.) 
1 out of 4. 
Nore of 37: 
2 out of 51 
(4 per cent.) 


None of 7. 


None of 52. 


a 


5. Number of W.C.’s - 
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HORFIELD SEWAGE WORKS. 


(Bristot Crry CorPoRATION). 


. Situation of works - : y : 2 


. Method of treatment Z f ‘2 2 


. Population draining to works during observa- 


tions 


. Water supply in gallons per head and whence 


obtained. 


6. Sewerage system - - - cp 


10. 


11. 
12. 


13. 
14. 


15. 


16. 


17. 


18. 


19. 


. Average dry weather flow of sewage in gallons 


per 24 hours. 


Gallons of sewage per head per day — 


. Character of the sewage - nee a a Oe 


Period of observations - is ae Rg: i 


Age of filters - - - . : : 


Amount of storm water treated on filters during 
observations. 


Total capacity of tanks in gallons - - a 


Total area of filters in yards (super) : z 


Total cubic content of filters in yards (cube) 
Nature of filtering medium - - : “ 


Gallons of precipitation liquor treated per yard 
super per 24 hours. (All filters included). 


Gallons of precipitation liquor treated per yard 
cube per 24 hours. (All filters included). 


The final effluent is discharged into - . 


6225.—-App. III. 


November, 1902, 


Ashley Down, about 4 mile from 
centre of Horfield. 


Chemical precipitation and 
continuous: flow... subsidence, 
followed by percolating filters. 
(Stoddart’s distributors used.) 


About 2,500 (estimated average). 


22. gallons; from the Bristol 
supply—a rather hard water. 


About 250 W.C.’s and 5 latrines: 


Partially separate. 


38,000. 


15:2. 


A domestic. sewage with laundry 


refuse. 


to August, 
1905 


About one year. 


All storm water entering sewers. 


27,200. 


(a) Shallow filter, 27°56. 
(0) Deep filter, 113-58. 


a) Shallow filter, 27°56. 
b) Deep filter, 284 


Clinker (large) from local gas 
works. 


Deep filter, in dry weather, 478. 
Shallow filter, 280. 


Deep filter, 190. 
Shallow filter, 280. 


A ditch, contributing to a stream 
called the ‘ Boiling Wells.” 


2P2 
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FLOW OF SEWAGE. 


The access of rain water to the sewers from the back roofs and yards of the houses 
results in large increases of flow at the sewage works during times of rain. 


The main 9-inch outfall sewer, laid on rather a steep gradient, is capable of bringing 
sewage to the works at a rate of something like one million gallons per 24 hours, and 
as we have actually measured on several occasions, during times of comparatively small 
rainfall when heavy showers happened to fall upon wet ground, flows at the rate of 
between 600,000 and 700,000 gallons per 24 hours, it is possible that the full 
quantity of one million gallons per 24 hours 1s occasionally delivered to the works. 


The actual amount brought to the works for a whole period of 24 hours during any 
ordinary wet day, however, is considerably less than this. The highest day’s flow 
recorded during the gaugings amounted to 500,000 gallons, and was the result of a rain- 
fall of 1:32 inches on wet ground. Flows of over 400,000 gallons per day were registered 
on several occasions. 


Our measurements therefore lead us to conclude that, although the sewage 
occasionally arrives for treatment at a rate of something like 25 times the dry weather 
flow, it is exceptional for this rate to continue for any length of time. Probably 
the tanks and filters are seldom called upon to treat an actual volume of much more than 
10 times the dry weather flow on any one day. : 


During the last four months of our observations—April, May, June, and July, 1905— 
Mr. Stoddart kept continuous daily records of the sewage flow at Horfield, and 
from these we have been able to form a very careful estimate of the dry-weather flow. 


During dry weather, for the fortnight ending July 1st, 1905, the average daily flow 
was approximately 37,500 gallons, the highest day’s flow being 42,220 and the lowest 
day’s flow 34,680. The dry weather flow may be taken, therefore, to be approximately 
38,000 gallons per day. This is corroborated by measurements made by ourselves in 
April and May, 1908, over a period of three weeks, though at this time the daily flows 
were rather higher, owing to some wet weather which prevailed at the commencement 
of the gauging. — 


With so many records available, we have also taken the opportunity to make an | 
approximate estimate of the average daily flow at the works, by working out 
the daily flows throughout the whole of April, May, June, and July, 1905, and striking 
an average. The analysis of the figures obtained in this way is as follows :— 


Average daily flow during 110 days, 62,846 gallons. Rainfall, 8-688 inches. 


Average daily flow during April, 1905, 91,560 ,, ss 2707? 2a: 
” 5 ” May, 1905, 46,155 _,, a ‘064 
» if " June, 1905, 64,126 _,, IM 4:06 3 
r ” 7 July, 1905, 48,338 _,, # ‘542 ae 
Bs ~ - August 1905, 
(9 days only) 49,191 _,, 1315 - 


If the figure, 62,350 gallons per day, be taken as representing approximately the 
average daily flow at Horfield throughout the whole year, which it probably does, it 
follows that there is an increase of 64 per cent. on the dry weather flow, due to the 
admission into the sewers of rain water, subsoil water, &c. 


Subsoil Water.—The flow of sewage appears never to be less at any time 
of the night than a rate of about 14,000 gallons per day, for in perfectly dry weather 
this same rate of flow is reached during the early hours of the morning each day. The 
figure appears to represent, therefore, a fairly constant flow of ground water or leakage 
from taps, or both. 


In wet weather the night-flow remains very much swollen for several days after the 
rain has ceased. 


On Diagram hk are given some illustrations of the sewage flow at Horfield. 
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Crude Sewage.—-Three sets of hourly samples of crude sewage and three chance 
samples were examined chemically. The hourly samples, Nos. 3,149, 3,151 (2) and 3,154, 
extending over the usual three days, were drawn in the middle of May, 1903, and 
represented practically a dry-weather flow. At the same time a sample of weak night- 
sewage, No. 3,155, was taken. They gave the following results :— 




















Nigtabys cetbiNo. BABB. 
Parts per 100,000. Average. | ee ati otis: HES . — 

Ammoniacal Nitrogen - - - -  - (3:68 to 3:87) | 380 (3) a 
Aibuminoid Nitrogen;;- «- ) =), 4 50> (0°85,t0 1-21). |), 102. | (3) | cs 
Total Organic Nitrogen - - - - - (197t0240) 219 = (8) poe 
Oxidized Nitrogen (approx.) -  - — - (0°57, 0°45 and 0:0) | O34 (3) 0:25 approx. 
Total Nitrogen - = = = =~ (5°82 to 6-45) 2 eae amen) a 
“Oxygen absorbed” at 27° C. (80° F.) at once - (2:08 to 3°63) 2:93 (3) | 

FF : | » im 4 hours (7-41 to 11-08) 9:39 (3) | 091 
Chlorine - li - - : : - (6°74 to 7°46) 7:00 (3) | 4:18 
Solids in Suspension - - : . - (21:0 to 49:0) 356 (3) | = 
Solids by Centrifuge (vols.) - - -  (174:0 to 384-0) 2650 (3) | rs 
Ratio of Solids in Suspension to Centrifuge | 

Be oc orc.) ca, Ce 70t0L: 83) Pee ea iter =) (3) | 7 
“Cellulose” (by alkali, acid, and ether) - - (2°88 to 6°66) 4-66 | (3) | =F 
Ratio of “Cellulose” to Solids in Suspension (1:7-1t01:74) , 1:73 (3) | es 
Incuunicemcmemel) i:  -  -  Ce E oe | ! 














The above figures show the Horfield sewage to be one of about average strength, 
perhaps rather under average, but with very varying amounts of suspended solids (of a 
rather flocculent character). As regards nitrogenous matter, the three sets were very 
uniform. ‘The first two had each about 0°5 part of oxidized nitrogen, indicating the 
presence of appreciable quantities of subsoil water. 


The sample of weak night-sewage was very weak indeed, with only a faint sea-weed 
smell when analysed; it almost withstood incubation, no doubt because of its subsoil water. 


Besides the above sets of hourly samples, three chance samples of sewage, 
Nos. 3,137, 3,140, and 3,622, were examined. All of these were drawn in very 
wet weather in April and May, 1903, and March, 1905. 


They gave the following results :—. 








Parts per 100,000. | Average. | Number of 
Ammoniacal Nitrogen - - - - ~~ - (264 approx. and 1°58) = (2) 
Albuminoid Nitrogen - : : : : : A - (0°54) | = (1) 
Oxidized Nitrogen = ; : (0°30 avprox. to 0°62 approx.) 0°46 (3) 
Total Nitrogen - - : 2 : 2 - (384 and 3°76) 2¢ | (2) 
“Oxygen absorbed” at 24° C. (8L° F) ut once : : (0°63 to 2-29) 1:41 (3) 

” ” "3 es in 4 hours - (1:58 to 5°68) 4:10 (8) 
Solids in Suspension TW fs t : ; ; - (21:8 and 20°7) iw (2) 
Solids by Coutrifuge (vol) - -- - 3 - - - (26 to 152) 91:0 3) 
Ratio cf Solids in Suspension to Centrifuge Solids (1:49 and 1: 73) — (2) 
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The middle sample of these was but little stronger than the weak sample of night 
sewage, No. 3,155, while the other two were about half the strength of the hourly 
sets of samples. The three were noted at the time of analysis as having respectively 
a fishy smell, practically no smell, and a slight fishy smell, 1.6. they could | hardly be 
said to smell of sewage (they failed, however, to withstand incubation). The 
conclusion is therefore justified, we think, that the substances which give rise to the 
characteristic odour of sewage are among the first to be oxidized by nitrate. 


The comparatively heavy rainfall of the West of England causes the Horfield 
sewage to be very dilute at times. 


On the other hand, the sewage in storm times can be exceedingly strong. Since 
the systematic observations at Horfield were concluded, the manager of the works 
has sent at our request one or two further sainples. These were examined in duplicate, 
7.e. (a) with all their solids, and (5) after two hours’ settlement in the laboratory. The 
results are interesting, so the figures of analysis may be given in detail here. It will be 
seen that the settlement of solids effected in the two hours was very marked in samples 
1 and 8, but even then the liquids remained highly impure. Sample No. 3 was an 
altogether abnormal one ; it looked as if the sample happened to be drawn just as 
the contents of a urinal—not greatly diluted—had reached the works. In the 
analysis of this sample the free ammonia was given off practically indefinitely. 
In two of the samples the dilutions made for absorption of dissolved oxygen were 
insufficient. 
































No. 1. No. 2. No. 3. 
Crude Sewage. Crude Sewage. Crude Sewage. 
Drawn Monday, March | Drawn Monday, March | Drawn Tuesday, June 13th, 
27th, 1905, 9 a m. 27th, 1905, 11 a.m. © ~ 1905, 8 a.m. 
Raining from 2 p.m. on | Flow 2 inches over 12 | Heavy rain at 3°30 p.m. 
Sunday. Flow 2 inches. inch weir. on 12th, which lasted for 
Sine for some hours over 12 niles the 18 hours previous to 
ES CEMA UE inch weir and still 2 taking the samples. Flow 
inches at time of over 12 inch weir aver- 
drawing. aged 24 inches for these 
18 hours. 
| | | 
7 | Settled J. | Settled |? Ais 5’ bd Settled 
Original... .. & hours: |’ Original. osluned: Original. Beivelegts 
Ammoniacal Nitrogen - 21-F-ox* °19°54+-x* 
Albuminoid Nitrogen - Not done Not done 
Total Nitrogen - Seeery 0ST 10°41 8-21" 130°25 127-73 
‘Oxygen absorbed ” at 27° | 
C. at once : : - 1:34 2:28 3:93 “2°19 13°82 11:66 
“Oxygen absorbed” at’ 27° | 
C. in&4hours - : =3 30°44 | $842 18°73 12°41 57:37 53°78 
‘Chlorine 33°10 
Dissolved Oxygen taken up 93:17 |19-3-+-x* 19 8++x 9:4+-x 39°4+x 32°7-+x 
in 24 hours at 18°C. 
Incubator test (by smell) - — — _ — 
Solids in suspension. - = HG a bower bee ee agers Ee eee 
Solids by centrifuge (vols.) 923:0 /126°5 304:0 91°4 684:0 67:0 
Ratio of solids in suspension 1:54 | i Eis be yeas 1:12°6 
to centrifuge solids. 





Bacteriological Notes.—Six samples were examined bacteriologically. Sample 3,155 
(weak night-sewage) yielded a negative result with ‘0001 c.c. with the neutral red broth 
test, and a negative result with the B. enteritidis sporogenes test with Ql c.c. All the 





* The signs +x mean “more than”; thus 19°3+x means “ more than 19°3.” 


i . ae 
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other samples yielded positive results with the neutral red broth test with 00001 c.c. 
(100,000 per c.c.). As regards the B. enteritidis sporogenes test, one sample contained 
10, three samples 100, and one sample 1,000 spores of this anoerobe, per c¢.c. 





B.S.=Bile Salt Glucose 
Peptone Test. 


























Description of the Number pi B Coli| N.R.=Neutral Red Broth Bh Enteritidia -f ‘ 
Sample. (or gas-forming Test. Sporogenes, Test. emarks. 
coli-like Microbes). In. =Indol Test. 
L.P.M.=Lactose Peptone 
Milk Test. 

3140. Horfield Crude a2 100,000 N.R. 10 not 100 

Sewage. 3/5/03. 
3149. Horfield Crude — 100,000 N.R. | 100 not 1,000 

Sewage. 12/5/03. 
3151. Horfield Crude — 100,000 N.R. | 100 not 1,000 

Sewage. 13/5/03. 
3154. Horfield Crude | ae 100,000 N.R. —__ 1,000 not 10,000 

Sewage. 14/5/03. | 
3155. Horfield Crude — 1,000 not 10,000 N.R. 10 not 100 

Sewage. 14/5/03. | 

| Weak night sewage. | | 
3622. Horfield Crude 10,000 100,000 B.S. | 100 not 1,000 

Sewage. 9/3/05. ( —indol) 100,000 N.R. Le. : 

(-clot ) 
SCREENS. 


Immediately upon issuing from the outfall sewer, the sewage passes through a half- 
inch screen. This is, as a rule, raked once a day, and the screenings are used for 
manure upon the works. 


PRECIPITATION TANKS. 
Number - é > ‘ = 3 


Size ofeach - - - - 12 feet diameter, 18 feet deep. 
Capacity of each - - - 9,067 gallons. 
Total capacity - - - 27,200 gallons. 


Construction.—The tanks are constructed of brick and cement upon the Dortmund 
plan, being cylindrical to a depth of about 10 feet, and conical from there to the bottom. 
They are sunk in the ground. The sewage is delivered at the top of the cone (that is, 
at a depth of 10 feet) through a pipe which runs down through the centre of the tank, 
and is spread at the outlet by a bonnet reaching almost to the cone. The tank liquor 
issues from the tank over a circular sill extending round the whole of the retaining 
wall at the top. 


Flow through.—With a dry weather flow of 38,000 gallons per day, the flow through 
would be once in 17 hours at the rate of -12 inches per minute. 


Precipitant.—tThe precipitant used is Alumino-ferric. It is added to the sewage, as 
this flows to the tanks, by dripping water upon it when placed in a box which has a 
false bottom. In this way the amount added can be regulated. according to the 
strength of the sewage, and indeed, in some measure it regulates itself, for, owing to 
the fact that fresh precipitant is put:into the box each morning, the, water running 
over a greater surface of precipitant dissolves more of it at this time, when the sewage 
is strong, than it does towards:night, when the precipitant is almost all dissolved 
away. 
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The quantity used is about 5 grains per gallon, which is equivalent to about 43 tons 
per year. 


Working.—The tanks are used in parallel, and the flow through them is a continuous 
one. They are cleaned out every other day. 


Sludging.—In the apex of the cone in each tank, a valve connects with a sludge pipe 
which is brought up to within 18 inches of the water level in the tank, and is then car- 
ried to a sludge sump, 10 feet by 5 feet by 5 feet deep, situated close by. On opening 
this valve, the sludge lying in the cone is forced out by the 18 inch head of water and 
delivered to the sludge sump. In order to remove sludge from the tanks, therefore, 
it is only necessary, under ordinary conditions, to lower the water level in the tank 
slightly, and there is consequently no need for complete emptying. | 


It may be said, however, that on a good many occasions the sludge has been found 
in practice to be too thick for the 18-inch head, and in consequence the sludge main 
has been converted into a syphon, in order to facilitate the drawing off of the sludge. 


As a general rule, about 1,200 cubic feet of liquid sludge are removed from the 3 
tanks every week. In the sludge sump the sludge is mixed with lime and then 
pumped up to the presses, which produce 44 to 5 tons of pressed cake (containing 7 
per cent. to 10 per cent. of lime) per week. This is easily disposed of to farmers, who 
are allowed to take it free. 


The strongly alkaline press water which is pumped back into the tanks has a most 
pungent smell, and is conseqnently liable to give rise to nuisance; but otherwise the 
operation is conducted without nuisance. 


Precipitation Liquor.—Three sets of hourly samples and thirteen chance samples of 
precipitation liquor were examined chemically. The hourly samples, Nos. 3,149a, 
31514 and 31544, were drawn in the middle of May, 1908, at the same time as the 
hourly samples of sewage, when the weather was practically dry. They gave the 
following results :— 























Parts per 100,000. Average. ee 

Ammoniacal Nitrogen - - - - - - ~~ (2:59 to 3-94) 3:31 (3) 
Albuminoid Nitrogen - - - - - + - (028 t0 0:38) 0:32 (3) 
Total Organic Nitrogen - - - - - - - (0:82 t0099) 0:59 (3) 
Oxidized Nitrogen =”! - = “Gu ok ae fg eeniam 0:37 (3) 
Total Nitrogen - = os ts tty vee 08 to 488) | koe (3) 
“Oxygen absorbed” at 27° C. (80° F.) at once - - = ~~ (064 to 0°94) 0-82 (3) 

P% ! svaiten at Qa dace atae (2:66 to 3°48) 3:12 (3) 
Chlorine 2 ee a po DEROS SSE Hee eee 00) 6-11 (3) 
Solids in sugpension 4" 2) (2:04 to 3:34) 2°51 (3) 
Solids by centrifuge (vols) - - - +=  -  - (13-0 to 23-0) 19:0 (3) 
Ratio of Solids in Suspension to centrifuge Solids - (1:39t01:113) || 1:82 (3) 





In appearance these hourly samples of precipitation liquor were slightly turbid, but 
they contained, on the average, only 2:5 parts of (flocculent) suspended solids. In two 
out of the three there was still an appreciable amount of oxidized nitrogen, and it is 
noteworthy that those two still hada clean smell on the day of analysis. The precipitation 


effected in dry weather is therefore good, and the filters are only called upon to treat a 
somewhat weak liquor. i aw. 
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As compared with the hourly samples of sewage, the above hourly samples of precipi- 
tation liquor show the following reduction in figures :-— 





Calculated on :— Reduction. 

Total Nitrogen - - - - «>, ee ee . AM ica ee A 32 per cent. 
Albuminoid Nitrogen - - - - + + - SEGA: CLRECT = oP 2s tt a 
Smmereanic Nitrogen” -°= =" = = = 2% = 5 * = = “= HH) Be TN hee 
“Oxygen absorbed” atonce- > se eee We) ys 
“ Se in 4 hours - - - : . A z - ig - : Ce 
Solids in suspension - - - - - - 2 : - 3 3 “ : i eae 
Solids by centrifuge (vols,) - eee 4 TD TAAL 02. 404) vos Ty 


The thirteen chance samples of precipitation liquor examined were numbered 8067, 
3080, 467, 3122, 31374, 3139, 3141, 34134, 3545, 3574, 3577, 778, and 3623. These 
include nine ordinary chance and four experimental chance samples. They were drawn 
between November, 1902, and March, 1905, between 10.30 a.m., and 4.45 p.m., but— 
excepting for one sample in August—all of them in the cooler months, from November 
to May. Five were taken in dry weather, three in dry weather following wet, and five 


in wet weather. 


The following results were obtained :— 

















Parts per 100,000. Averag:, | J poh! 
Ammoniacal Nitrogen - - at ESE at O04 - (1°78 to 5:12) 3°66 ap, cx. (4) 
Albuminoid Nitrogen - - - : - - . (0:38 te 0°74) 0:52 (3) 
Oxidized Nitrogen - - 3 - - - (00 to0-44approx.) | 0°13 approx, (65) 
Total Nitrogen - - - - - - - - (3°67 to 10°46) 5°76 (10) 
“Oxygen absorbed” at 27° C. (80° F.) at once - + (0°58 to 2:46) 1:32 (13) 

% a Pi} 3 in 4 hours. - - (3°54 to 7:28) 4°62 (12) 
Chlorine - - - aN ude : - - - (6°72 to 9°70) 781 (3) 
Suspended Solids - — - - (11:3, 5:5 and 20:4) —- (3) 

» 








Solids by Centrifuge (vols.) - _ - - . é - (26:0 to 1085) 43-7 (13) 





The chance samples of precipitation liquor were more or less turbid, usually with 
light-brown flocculent matter, and four of them still had a more or less clean smell on 
the day of analysis. If we exclude a few strong samples, they were fairly uniform in 
composition, though of course not nearly so uniform as the hourly samples, but—taking 
them all over—they were distinctly stronger than the latter. In respect of suspended 
matter they were distinctly inferior to the hourly samples, but it is very noticeable that 
the increase in solids took place during stormy weather. Reckoning approximately 
from the certrifuge figures (for only three gravimetric estimations of suspended solids 
were made), the chance:samples of precipitation liquor contained about twice as much 
suspended matter as the hourly samples. The effect of dry weather in giving. stronger 
samples is well marked in the case of Nos. 3,574 and 778, the respective figures for total 
nitrogen in these being 10:14.and-10°46. .. -~ > nom me peidieaesisl ta ce Sel ad 
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Compared with the hourly samples ef sewage, tht chance samples of precipitation 
liquor show the following reduction in. figures. 





Caleulated on :— 


Reduction. 








Total Nitrogen’ - 


“Oxygen absorbed” at once - - : - : : c : 


+P 29 


Solids by Centrifuge (vols.)  - - - - - 5 2 ay 


in 4 hours 





Baeteriological Notes.—Thirteen samples were examined bacteriologically. 





9 per cent. 
55 eh, 
aa Peg 
BO tives 


The B. 


coli test and presumptive tests for B. coli yielded positive results with from ‘0001 c.e. 


to ‘00001 e.c. (10,000 to 100,000 per c.c.). 


As regards the B. enteritidis sporogenes 


test, two samples contained 10, nine samples 100, and two samples 1,000 spores of this 


anaerobe per C.c. 





Description of the 
Sample. 





B.S.=Bile-Salt Glucose 
Peptone Test. 
N.R.=Neutral Red Broth 
Test. 
In.=Indol Test. 
L.P.M. =Lactose Peptone 
Milk test. 


Number of B. Coli 
(or gas-forming 
Coli-like Microbes). 





3067. Horfield pre- 
cipitation liquor. 
27/11/02. 

3080. Horfield  pre- 
cipitation liquor. 
20/12/02. 

467. Horfield _ pre- 
cipitation liquor. 
13/1/03. 

3122. Horfield  pre- 
cipitation liquor. 
12/3/03. 

3141. Horfield  pré- 
cipitation liquor, 
3/5/08. 

31454. Horfield _ pre- 
cipitation liquor. 
12/5/03. 

31514. Horfield  pre- 
cipitation liquor. 
13/5/03. 

31544. Horfield _ pre- 
cipitation liquor. 
14/5/03. 

34134. Horfield _ pre- 
cipitation liquor. 
3/3/04. 

3545. Horfield “ pre- 
cipitation liquor. 
19/8/04. 

3574. 
cipitation liquor. 


30/11/04. 

778. Horfield _ pre- 
cipitation liquor, 
4/1/05. 

3623. 
cipitation liquor. 


9/3/05. 





100,000 10,000 not 100,000 B.S. 

(- indol) 100,000 In. 

(- clot) 100,000 L.P.M. 

— 100,000 B.S. 

100,000 N.R. 
100,000 L.P.M. 

100,000 10,000 not 100,000 NR. 

(+ indol) 100,000 In. 

(+ clot) 


10,000 not 100,000; N.R. 
100,000 ae 
100,000 N.R. 
100,000 N.R. 

10,000 not 100,000 N.R. 


10,000 not 100,000) 10,000 not 100,000 N.R. 


(+ indol) 
(+ clot) 
100,000 100,000 B.S. 
(— indol) 100,000 N.R. 
(+ clot) 
Horfield pre- (10,000 not 100,000) 10,000 not 100,000 B.S. 
(= indol) 10,000 not 100,000 N.R. 
(+ clot) 
oo 100,000 B.S. 
100,000 N.R. 


Horfield _pre- |10,000 not 100,000) 10,000 not 100,000 B.S. 


(+ indol) 


100,000 N.R. 
(+ clot) 


B. Enteritidis 
Sporogenes Test. 


100 not 1,000 
10 not 100 
100 not 1,000 
100 not 1,000 
100 not 1,000 
100 not 000 
10 not 100 
100 not 1,000 
100 not 1,000 
100 not 1,000 


100 not 1,000 


1,000 not 10,000 


1,000 not 10,000 





Sample 467 contained 168,000 microbes per c.c. (agar at 387° C). 


Remarks. 


“Gas” test + ‘01 
e.c. (24 hours at 
pW aah a 8 Su 

“Gas” test + O01 
c.c. (24 hours at 
20° C.). 

168,000 microbes 
per cc. (agar 


at 37° C.). 
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FILTERS. 
Deep Filter Hu 
Size - - : - 43 feet 6 inches by 23 feet 6 inches. 
Area - | - - 113:58 square yards. 
Depth of material . - feet 5 inches. 
Cubic contents - : - 984 cube yards. 
Material - -  - Gas works clinker, graded as nearly 


as possible to 3 inches diameter. — 


(The grading of the material in both the Stoddart filters at Horfield was done by 
means of washing and not by riddling, the broken material being thrown into. water 
and then lifted out again with a wide pronged fork. This method is put forward by 
Mr. Stoddart as being greatly preferable to the ordinary riddling, in that it removes all 
the fine clinker adhering to the larger lumps.) 


Construction.—The material is laid to a depth of 7 feet 5 inches on a concrete 
bottom, which falls in three directions (one in thirty six each way). It is composed of 
a layer of large lumps (6 inches diameter) at the bottom, about 6 inches deep, and 
pieces of about 3 inches diameter above. It is kept in position on one side by a wall 
carrying the main feed channel and on the opposite side by a wall carried halfway up 
the side of the filter, but open at the bottom, as well as by the brick piers which carry 
the branch distributing channels. These two sides are perpendicular. : 


The other two sides are constructed of large pieces of clinker, carried up the side of 
the filter with a slight batter. 


The filter is therefore shut in on one side, but is completely open on two sides and 
practically open on the third. It is partly below the level of the ground and partly 


above it. 


Distribution.—-The tank liquor is distributed over the deep filter by means of 42 
Stoddart trays, arranged in 6 rows of 7 each, each tray being fed on both sides from 
iron channels carried on brick piers. 


Very briefly described (for fuller description see note. below*) the Stoddart distributor 
consists of a galvanized iron sheet, bent into a number of V-shaped corrugations (ridge 
and furrow arrangement) ; the top of each ridge is perforated with a number of holes, 
while an equal number of nails hang opposite to these from the bottom of the furrows. 
When the liquor to be treated, therefore, flows into each channel on the tray, it rises 








* Mr. Stoddart’s description of the Distributor.—The Stoddart Distributor consists of a gutter provided along 
the bottom on the under side with a series of dependent drip-points. On filling with liquid, the latter cver- 
flows the margins of the gutter, and, on reaching the nearest drip-point, falls upon the surface of the filter in 
a succession of drops. 


The gutter is made V-shaped in section, partly to secure the maximum of rigidity, partly to direct the 
liquid towards the drip-points. 


Several distributor gutters are conveniently united together to form a distributor sheet, provision being 
made for the passage of the liquid from the upper to the under surface by a number of openings between the 
gutters. These openings may be of any size, as they do not determine the comminution of the liquid, this 
being effected by the drip-points. 


The distributors are connected with the sewage tank by means of specially designed cast iron channels 
(supply channels) provided with recesses to form water-tight joints with the end of the distributor, and the 
phos appara ae is supported by adjustable chairs carried on iron Tees, by which means levelling is readily 
effected. 


When the system of channels and distributors is in action, the liquid stands at one uniform depth 
throughout, whatever quantity of liquid is being applied, and the exit is so free and unimpeded that it is 
immediately disposed of. Hence the distribution is completely independent of variations in the rate of flow, 
the only difference observable being in the rapidity of the dropping. Moreover, as the comminution of the 
liquid is effected in the interval between the margins of the distributor gutters and the drip-points below 
(scarcely more than one inch), practically the whole of the fall is utilised in the filter body. 
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till the channel is full, and then overflowing continuously through the holes on the 
ridge and running down on the under side, finds its way to the dependent nails and so 
drips on to the filtering material. 


Spaces measuring about six feet by one foot separate every two trays. 
Age of Filter.—The deep filter was started in September, 1901. 


Working.—The filter works continuously night and day, and is never rested. It deals 
with all the variations of the sewage flow. 


Amount of Precipitation Liquor treated upon the Deep Filter.—On the basis of an 
average daily flow equivalent to 62,350 gallons per day, the following figures represent 
the average quantity treated per 24 hours upon the deep filter at Horfield during 
the first part of our observations :— 


Per square yard, per 24 hours - - : - - 478 gallons. 
Per cube vard per 24 hours - - - - - 190 64 


Deep Filter Efiuents—Three sets of hourly samples and 17 chance samples were 
examined chemically. The hourly samples, Nos. 3,151, 3,153 and 3,157, were drawn 
at the same time as the hourly samples of sewage (and of precipitation liquor) 
and represented practically a dry-weather flow. Excepting that No. 3,151 
contained less ammonia than the others, all three sets were remarkably uniform in 
composition. They gave the following results :— 





Parts per 100,000. Average. itil 

Ammoniacal Nitrogen - - ©- + = =  « - (1:28 to 1:97) 1:69 (3) 
Albuminoid Nitrogen - - + - -  - +  - (0:15 to 0°15) 0:15 (3) 
Oxidized Nitrogen*= -=)- = | 5) 9) sae (1:98 ap. to 2°39 ap.) 2°19 ap. (3) 

(including Nitrous Nitrogen) - ~- - ° - - - ) (0°14 to 0°19) 0-17 (8) 
“Oxygen absorbed” at 24° CO. (80° F.) at once oe tons tis (0°60 to 0°63) 0°62 (3) 

ip rs ss ks in4hours- - - 1°55 to 1°66) 1°60 (3) 
Solids in suspension te ee ice, (a OS teO sua) 3°65 (3) 
Solids by centrifuge (vols.) - -  - +  - + = (82:0 to 37-0) 34:0 (3) 
Ratio of solids in suspens‘on to centrifuge solids - - (1:8°7 to 1: 10-2) ibe! > BS | (3) 
Incubator test (Scudder) - - - - ~ ee 8 at (3) 
Incubator test (by smell) ode Ne aes) Uy oR (3) 
Smoll when drawn “ 2 - 3 - = - - - 8+ (8) 
Smell when analysed — - : : - = - - - -3+ (3) 


The above effluents contained appreciable quantities of flocculent brown-coloured 
solids, but they filtered to perfectly clear liquids of a slightly brownish tint, They were 
all well nitrated, were inoffensive as regards smell, both when drawn and when analysed, 
and all of them easily withstood incubation. They may be looked upon as effluents 
of very fair quality, and they would have been still better had it been possible to 
separate out some cf their flocculent solids. 


f 
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Compared with the hourly samples of sewage and of precipitation liquor, they show 
the following reduction in figures :— 














Calculated on: Sewage. Precipitation Liquor. 

Albuminoid Nitrogen - -~— - iA vey den Mee per cent. reduction 53 per cent. reduction 
“Oxygen absorbed ” at once - . - - > 79 " 24 Ms F 
re ! in4hours - - - - 82 i . 49 5. *, 
Solids in suspension” - - . - - - 90 bs es + 45 Ja " 
Solids by centrifuge (vols.) - - - - - 86 ¥ ‘2 +79 - Bs 


Deep Filter Efiuents (Chance Samples).—The 17 chance samples of deep filter effluent 
examined were made up of 12 ordinary samples drawn between November 27th, 1902, 
and October 7th, 1904, and five experimental samples which will be discussed separately. 
The 12 ordinary samples were numbered 3068, 8081, 468, 31228, 31874,, 31394, 31414, 
3276, 3341, 3415n., 3547, and 3552. Excepting No. 3547, taken in August, 1904, 
they were all drawn in the cooler months of the year, 7.¢., between October and May. 
Five of them were drawn in dry weather, five in dry weather following wet, and two in 


wet or stormy weather. 


The following figures were obtained on analysis :— 








Parts per 100,000. | Average. as pore 

Ammoniacal Nitrogen - -~ - - - - .- (1:14 to 3-74) 2:26 (8) 
Mpeeereee = | CC CC «(016 400:95)| = 028F (7) 
Oxidized Nitrogen - - - - - - - (0°50 ap. to 1°85) 1°19 ap. (12) 

(containing Nitrous Nitrogen - - - - - - (0°02 to 0:24) 0°12 (12) 
Total Organic Nitrogen - - - - - - - (021 to 1:38) 0°67 (4) 
We i Ee an nn - (3°23 to 6:25) 4°76 (5) 
“Oxygen absorbed” at 27°C. (80° F.) at one - - - (043 t0105)/ 069 | (2) 

e - . in 4 hours - - - (1:28 to 41) 2°47 (12) 
*Dissolved Oxygen taken up in 24 hours at about 18°C. - (O14 to 087) 0-B4 ap. | — (10) 
Chlorine ~ - - - ce lt - (466 to946)| 691 (4) 
Gapiadgememerate = = as - (3:10 to 16-25) 7:00 (8) 
Solids by centrifuge (vols.) ee BAe er - (36:0 to 180°0) 71:0 (12) 
Ratio of solids in suspension to centrifuge sclids_ - - (1:78 to1:18°7) | 1:12:2 (8) 
Incubator Test (Scudder) — - - - : : = a gi eae ee oe ee (12) 
Incubator vest (hy smell) Wr ios-' bowiitArs tow ~aluriye cod2ch (12) 
Smell when drawn ie =e = - - eee woe  Si-i (11) 
Sroollwhen auaivaed o's = PT Ge Siepiihe 6) = Te -RO (12) 








c.c. per litre *Oxygen in Suter.) SR arn anaes (0:0 to 4:0) 2:7 ap. 


* These figures are to be taken as approximate only. Two-thirds of the estimations were made by the 
Copper Chloride method and one-third only by the Manganese method. 
+ This figure may pcssibly be a little too high. . 
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In appearance and character these chance samples of Deep Filter effluent were like 
the hourly samples, ze., the liquid was clear or almost clear, with varying quantities of 
brownish flocculent suspended solids. It will be seen that 8 out of 11 had a clean 
smell when drawn, and 11 out of 12 clean smell when analysed, while the whole 
twelve samples withstood incubation. The oxidized nitrogen varied between 
05 and 1 parts and averaged 1:2 parts—a fair amount. The average (approximate) 
fizure for absorption of dissolved oxygen 1s not very high (about 0°5 part). As was 
to be expected from the varying quantities of liquid treated on the filter, the solids 
in suspension in the efiluents varied greatly in amount (between 3 and 16 parts), 
but the average figure for all of them-——arrived at partly from the centrifuge readings— 
would be from 6 to 7 parts. The effluents are, therefore, to be looked upon as 
satisfactory, except as regavds ‘the suspended solids. These require to be 
separated as far as possible, either by settlement or filtration. Had the solids been 
separated, these effluents would have been of very good quality. It is a little difficult 
to discriminate between wet and dry weather effluents, in this instance, as regards 
quality. Nitrate was higher in the dry-weather samples; wet weather dilutes the 
organic matter in solution, but brings more solids into the filters and washes more 


solids out of them. 





The figures of analysis of these chance samples of deep filter effluent are not so good 
on the whole as those of the hourly samples, oxidation not having gone so far; on the 
other hand, the difference is partly due to the larger quantity of suspended solids in 
the chance samples. 


Compared respectively (a) with the hourly samples of sewage; (b) the hourly 
samples of precipitation liquor; and (¢) the nine chance samples of precipitation 
liquor drawn between November 27th, 1902. and August 19th, 1904, 2c, within 
practically the same limits of time as the chance samples of Deep Filter Effluent, these 
chance samples show the following reduction in figures :— 





——_——— 








Sewage. Precipitation Liquor. 





Calculated on: 


Hourly Samples. 3 Chance Samples. 














Ammoniacal Nitrogen - - - - 40 per cent. reduction 32 per cent. — 
Albuminoid Nitrogen - - - - TOE 5 28 F —— 
“Oxygen absorbed” at once - - a4 210 - a 16 a 48 

i in4hours - - 74 - s 21 ; 47 
Solids in suspension — - - - - 80 i ¥; +160 approx. — 
‘Solids by centrifuge (vols.) - - - 73 Ae 4, +270 ,, +46 approx. 





Bacteriological notes.—Kighteen samples were examined bacteriologically. The B. coli 
test and presumptive tests for B. coli yielded positive results with from ‘01 c.c. to 00001 
c.c. (100 to 100,000 per c.c.). Usually, however, the results varied from ‘001 c.c. to 
0001 ¢.c. (1,000 to 10,000 per cc.). Sample 468 contained 9,000 microbes per c.c. 
Sample 467, which was a comparative sample of precipitation liquor, contained 168,000 
bacteria in 1 c.c. The percentage reduction in the case of Sample 468 was 94 per cent. 
As regards the B. enteritidis sporogenes test, one sample contained 1; four samples 
contained 10; eleven samples 100; and two samples 1,000 spores of this anaerobe per 
c.c. It should be noted that sample 3,563 and later samples were collected after the 
rates of flow in connexion with the deep and shallow filters had been adjusted in the 
manner described in the text of the report. : 
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'B.S.=Bile salt glucose 
Number of Be» | yy p. Neeral red broth. 
coli (or gas-form- ae 
mg coli-like In Indol test. 
HUCEODEE}. L.P.M.=Lactose _ pep- 
_tone milk test. 


Description of the 
Sample. 


———————_—— 





3068. Horfield deep | 1,000 not 10,000 | 1,000 not 10,000 B.S. 


filter effluent, (— -indol) 100 not 1,000 N.R. 
OT / 11/02. (+ clot) 100 not 1,000 I.N. 
1,000 not 10,000 L.P.M. 


3081. Horfield deep 
filter effluent, 
20/12/02. 


468. Horfield deep /10,000 not 100,000) 1,000 not 10,000 N.R. 
filter effluent, (++ indol) 1,000 not 10,000 I.N 
13/1/03. (+ clot) 


31228. Horfield deep oe 10,000 not 100,000 N.R. 
filter effluent, 12/3/03. 


— 100 not 1,000 B.S. 
100 not 1,000 N.R 
100 not 1,000 L.P PM. 











31374". Horfield deep 
filter effluent, 26/4/03. 


— 10,000 not 100,000 N.R. 
31414". Horfield deep 
filter effluent, 3/5/03. 


3151(*). Horfield deep 
filter effluent, 12/5/03. 


— 1,000 not 10,000 N.R. 


= | 1,000 not 10,000 N.R. 


3153. Horfield deep 
filter effluent, 13/5/03. 


— 100 not 1,000 N.R. 


3157. Horfield deep 
filter effluent, 14/5/03. 


ae 100 not 1,000 N.R. 


10,000 not 100,000) 10,000 not 100,000 N.R. 
(+ indol) 
(+ clot) 


ae 1,000 not 10,000 N.R. 


3276. Horfield deep 
filter effluent, 
28/10/03. 


3341. Horfield deep 
filter effluent, 
17/12/03. 


34158” Horfield deep | 1,000 not 10,000 | 1,000 not 10,000 N.R. 


filter effluent, 3/3/04. (+ indol) 
(+ clot) 
3547. Horfield deep 100,000 100,000 B.S. 


filter effluent, 
19/8/04. 


(— indol) 10,000 not 100,000 N.R. 
(++ clot) 


3552. Horfield deep 100,000 100,000 B.S. 
filter effluent, (— indol) 100,000 N.R. 
(— clot) 


7/10/04. 


10,000 not 100,000; 10,000 not 100,000 B.S. 
filter effluent, — indol) 100,000 N.R. 
16/11/04. (+ clot) 


3575 Horfield deep |10,000 not 100,000} 10,000 not 100,000 B.S. 
filter effluent, (+ indol) 10,000 not 100,000 N.R. 
30/11/04. (+ clot) 


’ 779. Horfield deep | 1,000 not 10,000 | 1,000 not 10,000 B.S. 
filter effluent, (+ indol) 10,000 not 100,000 N.R. 
4/ 1/05. (+ clot) 


3625. Horfield deep 100,000 100,000 B.S 
filter effluent. (+ indol) 100,000 N.R 


9/3/05. ( +clot) 


3563. Horfield deep 





B. enteritidis 
sporogenes test 


10 not 100 


10 not 100 
160 not 1,000 


1,000 not 10,000 
100 not 1,000 
100 not 1,000 

10 not 100 
1 not 10 
10 not 100 


100 not 1,000 
100 not 1,000 
100 not 1,000 
100 not 1,000 


100 not 1,000 


100 not 1,000 
1,000 not 10,000 
100 not 1,000 


100 not 1,000 














Remarks 


“Gas” test + 1 
cc. (24 hours 
at 20°C). 


“Gas” test + 1 
c.c, (24 hours 
at 20°C). 


9,000 microbes per 
c.c. (agar at 37° 
CG. 
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SHALLOW FILTER. 


Size - - : ; - - 19 feet 1 inch by 13 feet. 
Area - - += + + + 27:56 square yards 

Depth of material - . : : 3 feet. 

Cubic contents- - - - - 27°56 cube yards. 
Material - - - - - Gas-works clinker, graded 


as nearly as possible to 
3 inches diameter. 


(The grading of the material for this filter was carried out in the same way as 
that of the material for the deep filter, that is to say, by washing instead of 
riddling.) 


Construction.—The material is carried up from a concrete bottom to a height of three 
feet. It is kept in position on the inlet side by a wall; on the opposite side to this, by 
large pieces of clinker, built perpendicularly ; and on the other two sides by large 
pieces of clinker built with a slight batter. The filter is therefore open on three 
sides. It is built in a tank which had originally been used for another purpose, 
and is below the level of the retaining walls of this tank. 


Distribution —The distribution on the shallow filter is by means of the Stoddart trays, 
of which there are nine in three rows of three trays each, fed by one channel at the inlet 
end of the filter. The trays rest on cement bars built on the material. In this case 
(differing from the plan of filling the trays on the deep filter), the tank liquor, in order 
to reach the far end of the bed, has first to pass over two trays, and, in consequence 
the distribution is not as guod as it should be. There are also no proper levelling 
arrangements to the trays, These defects were pointed out to us at the commencement 
of the observations, and it is not fair, therefore, that the distribution effected by the 
trays on the shallow filter should be taken as typical of the method. The point must 
also be specially borne in mind when the work of the two filters is compared. 


The trays are cleaned out about once a month, the operation taking one man about 
half-an-hour. 


Age of Filierv.—The shallow filter at Horfield was started in September, 1901. 


Working.—The filter works continuously night and day, and is never rested. It deals 
with considerable variations in the flow of sewage. 


Amount of Presipitation Liquor treated upon the Shallow Filter.—On the basis of an 
average daily How of sewage equivalent to 62,350 gallons per day, the average rate of 
treatment upon the shallow filter during the first part of our observations was 


Per square yard per 24 hours - - - - 280 gallons. 
9) cube 9 24 ” ey - = ri 280 ”? . 


Shallow Filter Efluents.—Three sets of hourly samples, Nos. 3150, 3152, and 3156, 
in addition to 14 chance samples, were examined chemically. The hourly samples 
were drawn at the same time and under the same conditions as the hourly samples 
of sewage, precipitation liquor, and deep filter effluent, and represented practically a 
dry w eather flow. Here, again, the first hourly set contained less ammonia than the 
other two, but the samples were otherwise very mpLOreS pthc not quite so uniform . 
as the hourly sets of Beep filter effluent. rainy ieee 
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The following results were obtained :— 





Number of 
Estimations. 


Parts per 100,000. Average. 


Ammoniacal Nitrogen - -  -. - - = ~-. - (L141 to 264) 211 
Albuminoid Nitrogen - - -~ - - -  - = (012 to 0:18) 0°15 
Oxidized Nitrogen - - - . . - (2°10 ap. to 2:23 ap.) 2:16 ap. 
(including Nitrous Nitrogen) - - - - -  - (0°43 to 0°55) 0:47 
“Oxygen absorbed” at 27° C. (80° F.) at once ae - (0°82 to 0°87) 0°85 
Fs - é 5 im4hours - -  - (198 to 2°58) 2°26 
Solidsin suspension - - - - - += = = (216 to 2°60) 2°42 
Solids by centrifuge (vols.) - - - - - -  - (240 to 31:0) 26-0 
Ratio of solids in suspension to centrifuge solids - - (1:111 to1: 12:0) | 1:11:7 
Incubator Test (Scudder) | _— - - rye ate ee Fer TS Te 
Incubator Test (by smell) - ©-- - -— = : cores ee 
Smell when drawn - - - - - - - - - 3+ 
Smell when analysed - -~ - snes hs POA sini, Oe 








The above shallow filter effluents were much the same in character and appearance 
as the corresponding effluents from the deep filter, and they contained rather less 
suspended solids. Like the latter, they were well nitrated, had an inoffensive smell 
both when drawn and when analysed, and withstood incubation. If, however, the 
figures of analysis be studied, it will be seen that they were throughout not of quite 
such good quality as the deep filter effluents; but this is not surprising, seeing that.on 
the average the shallow filter was treating 1} volumes per cubic yard for 1 volume 
treated on the deep filter. The actual volumes of precipitation liquor, per cubic yard, 
treated at the time, were :— 


Deep filter = - - - - 190 gallons. 
Shallow filter - - - - 280 “ 


Still, the shallow filter effluents were effluents of moderate or fair quality, though the 
oxidation of their organic matter was not carried so far as in the deep filter effluents. 

Compared with the hourly samples of sewage and of precipitation liquor, they show 
the following reduction in figures :— 





Calculated on :— Sewage. Precipitation Liquor. 
ce he 
Albuminoid Nitrogen - - - - - - 85 per cent. reduction 53 per cent. reduction 
“Oxygen absorbed” at once . “ - - 71 9 r + 4 ” 53 
us a in4 hours - - - - 76 i} m 28 s - 
Solids in suspension - -— - - - 93 » » Ay es 53 
Solids by centrifuge (vols.) - - - -  - 90 r 9 rst | 


/inrrnrrrrrrr Tn nn nnn ee UTE EUEE UII SSIES gUSSnE eee 


It will be noticed that the deep filter effluents contained more suspended solids than 
the precipitation liquor (3°65 as against 2°51 parts), while the shallow filter effluents 
had about an equal quantity (2°42 parts). No conclusions can, however, be drawn 
from this; regular analyses over a long period of time would be necessary. 


6225.—App. III. QR 
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Shallow Filter Effluents. Chance Samples.—Vhe.14 chance,,samples of shallow filter 

effluents examined chemically were made up of 9 ordinary samples, drawn between 
-December 20th, 1902, and October 7th, 1904, and 5 experimental samples ; these latter 
will be discussed ‘separately.. The ordinary samples were numbered 3,082, 3,122a, 
3,137A,, 3,1414,, 3,277, 3,342, 3,4148,, 3,546, and 3,653. ‘Two of them were drawn 
in dry weather, 5 in dry weather after wet, and 2 in wet or stormy weather. Again, 
excepting one sample drawn in August, 1904 (No. 3,546), they were all taken in the 
cooler months of the year, between October and May. ae | 


The following results were obtained on analysis :—- 








Parts 3 100,000. vont ce pesmi 

Ammoniacal Nitrogen - ios, - 7) pe - ann (1:26 to 4-28) 261. .: (6) 
Albuminoid Nitrogen © - - - - - - - - (0°16 to 0°44) * 031 ekjedra T(B) 
Oxidized Nitrogen 98-6 29 YRS 2 FEF (035 to 2-10) | (arobiapeneea 90): 

(containing Nitrous Nitrogen) -- + = ==)? (0°04 to 0-44) FOBT | 9) 
Total Nitrogen - - - Bg - (3°47 to’3°66) 3:54.03) fos (3) 
“ Oxygen absorbed’ at 27° C. (80° F.) at once wee - (0°62 to-111y 0°80 4) 3P9 8 0G) 

0 5 | » mAhours- - - (202 to386)| ~ 290: AEB) ieoan 
Dissolved Oxygen taken up in 24 hours at about 18°C. - (0:36 ap. to’1:35) 0:78 ape} (8) ee 
“Solids in suspension - = + + o- 4) =a) = (280t0 15-70) | 0 ued 40Nee ncn 
Solids by centrifuge (vols.) -) ~- 95 = 4 sh (88°4't0 198-0) | 96:0 iss (Q)T 
Ratio of solids in suspension to centrifuge solids -. .-.. (1:9:0 to 1: 14:3) 1:13-7: (6) 
Incubator Test (Scudder) \nonf hootudiiw bea ysetisneg aelhy has : (9) 
Incubator Test (by smell) = - +) = 0 es B42) 2— nah Bete) 
Smell when, drawn . <0; stg eo es ee tg yw. (8) 
Smell when analysed”! _ / NGS eee Sen i adthan KN 
“Oxygen in solution (Gaeta nes ae ae | 16a | 7) 


These chance samples of shallow filter effluent were, generally speaking, of the same 
character and appearance as the various other effluents already described. | Six out of 
eight had a clean smell when drawn, and eight out of nine a clean smell when 
analysed, while six—or possibly’ seven—out of nine withstood incubation. The 
average (approximate) figure for absorption of dissolved oxygen was 0°78; as against 
‘0:54 in the chance samples of deep filter effluent, z.¢., about half as much again. ‘The 
solids in suspension showed great variations (2°8 to 15°7), but they averaged about the 
same as in the effluents from the deep filter, ze, 6 to 7 parts; hence filtration or 
settlement is required here also. | 3 


Taken all over, these chance samples of shallow filter effluent are by no means so 
good as the hourly samples, nor are they so good as the chance samples of deep filter 
effluent, though the difference is not extreme. It is probably due to the larger volume 
of precipitation liquor treated on the shallow filter. Still, all the figures of analysis go 
to indicate that the purification effected by the shallow filter has not gone quite so far 
as that done by the deep filter (judged by the ordinary chance samples of effluent from 
both). The shallow filter effluents may be regarded as effluents of fair or moderate 
quality, which would be much improved by the separation of their matter in 

_ suspension. 





* Those figures are to be taken as approximate only. Four of the estimations were made by the copper 
chloride method, and three by the manganese method. 
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Compared respectively (a) with the hourly samples of sewage ; (6) the hourly samples 
of precipitation liquor; and (c) the nine chance samples of precipitation liquor drawn 
between November 27th, 1902 and August 19th, 1904, 7.¢., within practically the 
same limits of time as the nine chance samples of shallow filter effluent, these chance 
samples of effluent show the following reduction in figures. :— 





Sewage. | Precipitation Liquor. 
Calculated on 
Hourly Samples. Hourly Samples. Chance Samples. 

Ammoniacal Nitrogen - - -{81 per cent. reduction = or] 
Albuminoid Nitrogen’ - . - | 70 ~ Dor ip 3 per cent. reduction — 
“Oxygen absorbed” at once - - | 73 * # 2 B. 4 39 per cent. reduction 

4s . im4hours -|69 ,, s ie; 29 37s 93 
Solidsin suspension - - -|79 ,, % +196 ,, ” a 
Solids by centrifuge (vols.) - -/64  ,, 53 +405 ,, “ Ol ays » 


One gets, however, a better comparison of the relative purification effected by the 
deep and shallow filters, by taking only those corresponding effluents drawn at the same 
times. In each case there were nine effluents, the numbers being :— 


Deep : a 08! 3,1228, 3,1374, 3,1414, 3,276, 3,341, 3,415, 3,547, and 
2 


002. 
Shallow: Nos. 3,082, 3,122, 3,1374,, 3,1414., 3,277, 3,342, 3,4148, 3,546, 
and 3,553. 


The filters may be taken as having on the average treated approximately :— Deep 
filter, 190 gallons per cube yard ; shallow filter, 280 gallons per cube yard per day. 


The average figures of analysis were :— 


Parts per 100,000. ee eal tae 
ammeMNtroget. Gio o>. -| SLT OOS gag (6) 2°61 (6) 
Albuminoid Nitrogen - - - - - - 0:25 (5) 0-31 (5) 
Oxidized Nitrogen - - - - - - 1:14 (9) 1:04 ap. (9) 

(*containing Nitrous Nitrogen) - -~ - 0°11 (9) 0:21 (9) 
Towbiitrogen(=0) 20 =) -5 ei] +e 4°81 (4) 3°54 (3) 
“Oxygen absorbed” at once -_. - - - 0-73— (9) 0:80 (9) 

a = in 4 hours - - - - 2°62 (9) 2:90 (9) 
*Dissolved Oxygen taken up in.24: hours. at 0-58.ap. |, (8) 0°78 ap. (8) 

about 18°C. 
Solids in suspension - - - - -— - 738 (7) 7-40 (6) 
Solids by centrifuge (vols.)- - - -~ - 75-0 (9) 96-0 (9) 
Ratio of solids in suspension to centrifuge solids - 1:119 (7) 1:13:°7 (6) 
Incubator Test (Scudder) - - - . ~ 7+, 2, (9) 45 (9) 
Incubator Test (by smell) - - - : : 9+ (9) 6+, 1 (ios (9) 
Giwellwhendrawn |- .-  - -| -  -| 6+,3(3%) (9) |6+1(%),2-, (8) 
Smelliwhen'analysed = = -  - =) = =) 8+,1()) (9) 8-++1 (%)— (9) 
*Oxygen in solution (c.c. per litre) itt pane 2-6 ap. tO 1°6 ap. req 





ere 2) I Bh ~* Approximate figures. ~ 
6225.—App. III. 2R2 
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eooine columns of figures, which are as nearly as possible comparative, show 
oe Ea really are At difference in the degree of purification of the deep 
and shallow filter effluents over a period of nearly two years, when the deep filter was 
treating on the average 190 gallons and the shallow filter 280 gallons per cube yard 
per day. The deep filter effluents were, however, the better of the two. 


Bacteriological Notes.—Fifteeen samples were examined bacteriologically. The B. 
coli test and presumptive tests for B. coli usually yielded positive results with from 
0001 c.c. to ‘00001 c.c. (10,000 to 100,000 per c.c.); but a fair proportion of the 
samples yielded negative results with 0001 ¢.c. (less than 10,000 perc.c.). As regards 
the B. enteritidis sporogenes test, three samples contained 10, ten samples contained 
100, and two samples contained 1,000 spores of this anaerobe per c¢.c. It should be 
noted that sample 3564 and later samples were collected after the rates of flow in 
connection with the deep and shallow filters had been adjusted in the manner 


described in the text of this report. 


Comparison of the two Efluents.—The effluents from the deep and shallow filters did 
not differ bacteriologically from each other materially, and it is difficult to state 
definitely which filter yielded the better results. On the whole, however, the deep 
filter seemed to yield bacteriologically the better results. 


It is interesting to note that a fair proportion of the effluents, both from the deep 
and shallow filters, yielded relatively good results bacteriologically, despite the large © 
volume of precipitation liquor being treated, and the coarse nature of the filtering 
material. 





B.S.=Bile-Salt Glucose 
Peptone Test. 
Number of B. coli | N.R.=Neutral Red Broth 
(or gas-forming Test. 
coli-like Microbes). In, =Indol Test. 
L.P.M. =Lactose Peptone 
Milk Test. 


B. Enteritidis 


Description of the 
Sporogenes Test. 


Sample. Remarks. 








3082. Horfield shallow 
filter effluent, 
20/12/02. 


3122. Horfield shallow 
filter effluent, 
12/3/05. 


313742. Horfield shallow 
filter effluent, 
26/4/03. 


314142. Horfield shallow 
filter effluent, 
3/5/03. 


3150. Horfield shallow 
filter effluent, 
12/5/03. 


3152. Horfield shallow 
filter effluent, 
13/5/03. 


3156. Horfield shallow 
filter effluent, 
14/5/03. 


— 100 not 1,000 B.S. 
1,000 not 10,000 N.R. 
100 not 1,000 L.P.M. 


ms 10,000 not 100,000 N.R. 


ae, 10,000 not 100,000 N.R. 


— 1,000 not 10.000 N.R. 


a 1,000 not 10,000 N.R. 


oma 1,000 not 10,000 N.R. 


= 1,000 not 10,000 N.R. 


3342. Horfield shallow [10,000 not 100,000! 10,000 not 100,000 N.R. 
indol 


filter effluent, 
17/12/03. 


(— indol) 


(+ clot) 


34148". Horficld shallow {10,000 not 100,000| 10,000 not 100,000 N.R. 
canal 


filter effluent, 
3/3/04. - 


(+ indol) 


(+ clot) 


100 not 1,000 
100 not 1,000 
100 not 1,000 
100 not 1,000 
100 not 1,000 
10 not 100 
10 not 100 
100 a oe 


100 not 1,000 


“Gas” test + 1 
c.c. (24 hours 
at 20° C.). 


TTT TTT 
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B.S.= Bile Salt Glucose 


NA nines Peptone Test. 
. pos; T int : 
Description of the coli (or gas-form- bids ay § urs B. enteritidis Resaaris 
Sample. ing coli-like Th Mol Past sporogenes test. ; 


microbes), L.P.M.=Lactose Pep- 
tone Milk Test. 


ee Ee! 
EEE eee 


3546. Horfield shallow |10,000 not 100,000) 10,000 not 100,000 B.S. | 100 not 1,000 








filter effluent, (— indol) 100,000 N.R. 
19/8/04. (— clot) 

3553. Horfield shallow 100,000 100,000 B.S. 100 not 1,000 
filter effluent, (+ indol) 100,000 N.R. 
7/10/04. (+ clot) 

3564. Horfield shallow 100,000 100,000 B.S. 100 not 1,000 
filter effluent, (— indol) 10,000 not 100,000 N.R. 
16/11/04. (— clot) 

3576. Horfield shallow |10,000 not 100,000} 10,000 not 100,000 B.S. 10 not 100 
filter effluent, (++ indol) 10,000 N.R. 
30/11/04. (+ clot) 

780. Horfield shallow |10,000 not 100,000} 10,000 not 100,000 B.S. | 1,000 not 10,000 

filter effluent, (+ indol) 10,000 not 100,000 N.R. 
4/1/05. (+ clot) 

3624. Horfield shallow 100,000 100,000 B.S. 1,000 not 10,000 
filter effluent, (++ indol) 10,000 not 100,000 N.R. 
9/3/05. (+ clot) 


Flow of Precipitation Liquor on to the two Filters at Horfield.—Up to November the 
9th, 1904, the shallow filter was fed with precipitation liquor through a small circular 
hole placed in the channel. Alteration in the head cf water in the channel caused 
this flow to vary considerably, but not in proportion to the alterations in the flow 
on to the deep filter, which was fed direct from the open channel. In consequence, the 
shallow filter received during the greater portion of the observations more than its 
true proportion of precipitation liquor in dry weather, and less than its true propor- 
tion when the flow of sewage was largely swollen by rain. 


The earlier observations, therefore, were made upon the filters as they were found 
working ; but on November 9th, 1904, small weirs of widths proportionate to the cubic 
contents of each filter were placed in the feed channels, and the observations were then 
continued with the filters treating approximately equal amounts, per cube yard, 
of the same precipitation liquor at all states of the flow. These latter observations are 
placed under the head of an experiment in a later paragraph. 


In May, 1903, when the flow of sewage was gauged, measurements were also made of 
the flow of precipitation liquor to the two filters. At this time, during a dry weather 
flow of 50,000 gallons per day, 43,000 gallons were found to flow to the deep filter and 
7,000 to the shallow filter, or a proportion of, roughly, six to the deep filter and one to 
the shallow filter at this state of the flow. Taking this proportion as being approxi- 
mately the true one for dry weather flows, and using the true dry weather flow of 38,000 
gallons per day as the basis of calculation, the amount treated per cube yard on the two 
filters in perfectly dry weather would be approximately 115 gallons per cube yard per 
24 hours on the deep filter, and 196 gallons per cube yard per 24 hours on the shallow filter. 


On another day during the same period of measurements, out of a total of 65,000 
gallons per 24 hours, 57,000 were treated upon the deep filter and 8,000 on the shallow filter. 


Using this proportion, therefore, and estimating the average daily flow in all weathers 
to be equivalent to 62,350 gallons per day, the average amounts treated by the filters 
during the first. portion of our observations would be 190 gallons per cube yard per 24 
hours for the deep filter, and 280 gallons per cube yard per 24 hours for the shallow filter. 


Effect of Temperature upon the Working of the Stoddart Filters.—The importance of 
gaining some evidence as to the working of the Stoddart filters, and especially of the 
Stoddart trays, during severe weather, has been constantly in mind during these 
observations, and many visits were paid to the Horfield works with this object in view ; 
but no very cold winds or severe frosts occurred at any time, and it is consequently 
impossible to state what the effect would be of severe weather. In ordinary cold 
weather and frost, however, the working of the filters was not affected, except in so far 
that there was a slight lowering in temperature of the effluents, and this was more 
marked in the case of the shallow filter effluent than of the deep. 
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“The lowest temperatures measured were 5°5°C. (41°9°F .) for the deep filter effluent, 
and 4°C. (39:2°F.) for the shallow filter effluent. The temperature of the tank liquor 
going on to the filters was 7°C. (44°6°F .) in each case. This was during a cold day 
following dry, frosty weather, in March, 1904. 

The temperature observations included measurements made every few hours through 
out a fortnight in April and May, 1908, and isolated measurements on the occasion 


of each visit to the works. 


Experiment for the Comparison of the Deep and Shallow Filters, when each was treating 
Precipitation Liquor continuously at the same rate per cube yard per day. 


For the reasons which have been stated previously it was found necessary, after the 
first part of the observations, to divide the flow to the filters into proportions equivalent 
to the cubic contents of each, in order to make a more exact comparison of the work 
done by the two filters. 

On Wednesday, November 9th, 1904, therefore, 2 weirs, of widths proportionate to 
the cubic contents of each filter, were fitted in the main feed channel, and from this time 
to the end of the observations in August, 1905, the two filters treated precipitation liquor 
at approximately the same rate per cube yard per day. _In order to make an absolute 
comparison it would have been necessary to have re-arranged the troughs and feed 
channels on the shallow filter, so as to make them exactly like those on the deep filter, 
for, according to Mr. Stoddart, the arrangement adopted for the latter is the correct 
one. The faulty arrangement of the troughs on the shallow filter undoubtedly affected 
the distribution, and on many occasions it could by no means be called good; but 
notwithstanding this, we do not think the results have been seriously affected, and, from 
notes made of the appearance and character of the effluent, on no occasion was an 
effluent drawn from the shallow filter, the inferiority of which could be put down to 
bad distribution. 


Euperimental Samples from Deep and Shallow Filters.—The following are the 
principal average figures given by the four experimental samples of precipitation liquor, 
Nos. 3574, 3577, 778 and 3623; the five experimental deep filter effluents, Nos. 
3563, 3575, 3578, 779 and 3625; and the five experimental shallow filter effluents, 
Nos. 3564, 3576, 3579, 780 and 3624. Excepting that no sample of precipitation 
liquor was drawn to correspond with the effluents Nos. 3563 and 3564, the different 
sets of samples are strictly comparable. In each case three of the effluents were 
drawn in dry and two in very wet weather. : 




















: mber Number ‘| Number 
pants po toa000.) 2 | ein | ck | ‘Deap tos} "oe eR ee 
Liquor. | “ye | : ee Effluent. tions. 

Total Nitrogen “a+ wet ca Belale (4) 

Oxidized Nitrogen 19) DET OF Bier ies 0-94 ap. (5) 0°86 ap. (5) 

(Including Nitrous Nitrogen)-  - | — me 0-13 (5) 0-20 (5) 

“Oxygen absorbed” at 27°C at once | 1-44 (4) 1:10 (4) 117 . (4) 
ais? » at 27°C in 4 hours | 548 (3) 3°52 (5) 3°62 (5) 

Dissolved Oxygen taken up in| — |. 1°65 (4) 194 6 
24 hours at 18°C. 

Aer oe ee NaH Wl ea 09 | @) | 0% | © 
Solids by centrifuge (vols.)-  - | "63-4 (4) 93:0 (5) 790 (6) 
Equal, roughly, to Solids in suspen- | 11-0 | 7:0 to 8-0 | 6-0 to 7-0 

incase eds (Scudder) » - | - 2-- (2) 2-- (2) 

Incubator test (by smell), ~~ 31,2—.| 6) Sita ww ein 

Smell when drawn- - 9° -— - of 1412 (4) 3-++1— (4) 

Smell when analysed - -~ - a © 3+,1%41—| (6) 
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_. The four samples. of; precipitation liquor were very uneven in composition, two of 
them being about twice as strong as the other two. , On the other Land the last-drawn 
samples, though not rich in nitrogen, contained as much as 20 parts of suspended 
solids (of which 8 were organic), washed down by a storm. It requires but a glance at 
the figures of analysis of the effluents to see that neither the deep nor the shallow 
filter experimental effluents were anything like so good as the ordinary chance samples. 
Indeed, as effluents they were unsatisfactory, even although this was in part due to the 
large quantities of suspended solids that they contained. It is hardly possible to draw 
a distinction between them as regards quality, but if there was a difference, then the 
deep filter effluents were probably a trifle the better. 


In order to get an idea of the extent to which the suspended solids in the effluents 
affected the general figures of analysis, and especially the rate of absorption of dis- 
solved oxygen, seven of the samples of deep filter effluent and six of the shallow filter 
effluent were examined in duplicate, 7.e— — 


(a) The effluent as a whole; 


__ (6) The effluent after filtration through paper or settlement for 1 to 23 hours. 
In each case the last two out of the seven and six, respectively, were 
settled, the others being filtered. so Gibate 3 ihe 


The deep filter samples, Nos. 3,415n’, 3,547, 3,552, 3,575, 3,578, 779 and 3,625 
comprised four of the experimental effluents, and the shallow filter ‘samples, Nos. 
3,546, 3,553, 3,576, 3,579, 780, and 3,624 also comprised four; hence, the appendedfigures 
must’ not be taken as illustrative of the purity of an ordinary Horfield effluent after 
paper filtration or settlement—they are merely to be read for purposes of comparison. 
The following are the average figures obtained ; the figures in brackets represent the 
number of estimations in each case. The effect of the separation of the suspended 
solids is very marked. | 








Deep Filter Effiuents: Shallow Filter Effluents. 
. Parts per 100,000. | ah Filtered or 4p Filtered or 
Original. Settled. ae a Settled, 
“ Oxygen absorbed ” at 27° C. at once 1:04 (6) 0°70 (6) 1:16 (5) 0-79 (6) 
3 ‘ » m4 hours 3°19 (7) 2°19 (7) 3°64 (6) 2°51 (6) 








Dissolved Oxygen taken up in 24 Ba 
TOON. 1:12 (7) 0°55 (7) 1°60 (6) 0-71 (6) 





hours at 18°C.- - 

Solids in suspension aaa - 9-10 (4) a 9-50 (3) —_ 

Solids by centrifuge (vols.) - -| — 650 (7) |. * 386 (7) 160 (6) «41 (7) 
Incubator Test (Scudder) - -| -4-+, (4) 6+ (6) | 1+,2— (3) |4+1 (probably)—(5) 
Incubator Test (by smell) 3 SoD eee hb ee 1 (6) 4, 49 —, (6) |5 +1 (probably)--(6) 


The following comparative figures show the rate at which dissolved oxygen was 
taken up by a few of these effluents (@) in 24 hours and (4) in 72 hours :—- 











No. 3,415p,. No. 3,547. No. 3546. 


Original. | Filtered. | Original. | Filtered. | Original. | Filtered. 











Sg cdl Se ae -| 025 0-18 0:48 0-11 0-63 0-18 
Fy - Saat 2:23 0:83. 1:97 0:51 913+ x 0:89 


Dissolved Oxygen taken up in 24 hours 











As already stated, these three samples were of rather poor quality and not typical of 
the average Horfield effluent, and it is noteworthy that in every case the absorption of 
dissolved oxygen was more rapid on the second and third days than on the first, though 








* The small centrifuge figures for the two settled samples have in each case been averaged over the whole 
seven or six. t Probably 6 +. 
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in the filtered samples it was never great. Our experience with effluents of high class 
has usually been that any absorption is rather more rapid on the first day than the 
second, and so on. 


It may be of interest to refer in some detail here to the effluents drawn from both 
deep and shallow filters at times of very heavy flow. Taking groups of samples corres- 
ponding to one another, we have :— 


No. 3,137. No. 3,1374,. No. 3,1374;. 
Parts per 100,000. Precipitation Deep Filter Shallow Filter 
Liquor. Effluent. Effluent. 

a a a a EE a SP a Sa eS ST al Pan Sa 

Flow (gallons per cube yard).= 730. 313. 
ef Yo epee ts TO Sigs ee ee eee eee 
Oxidized: Nitrogen. 205 i-my 0-0. So erie Sous 0:50 ap. 0-45 ap. 
“ Oxygen absorbed at 27°C. (80° F.) in 4 hours - 4°16 4°51 2°57 
Solids in Suspension - - -— - 2 11°32 16°25 712 
Incubator Test (by smell) . - - : — + or (%) + 





In this case, with less than half the flow per cube yard, the effluent from the shallow 
filter was distinctly the better of the two, but that from the deep filter contained an 
abnormal quantity of suspended solids ; even with this it practically withstood incubation. 














No. 3,139. - 
Parts per 100,000. Precipitation Des NO Bltee- ad t 
Liquor. P 
Flow (gallons per cube yard).= 966. 
Oxidised Nitrogen - - - - - - - - = 0°44 ap OTT ap. 
“ Oxygen absorbed” at 27° C. (80° F.) in 4 hours- = - — - - 3°59 2°61 
Solids by centrifuge (vols.) -  - = - 2° (fleas ees ene 52°0 64:0 
Incubator. test (by smell), =, > - 49 - me-awace |e eee - + 
Here a non-putrefactive effluent of fair quality was obtained from the deep filter. 
No. 3,141. No. 3,1414. No. 3,141, 
Parts per 100,000. Precipitation Deep Filter Shallow Filter 
Liquor. Effluent. Effluent. 
Flow (gallons per cube yard). = 710. 375. 
Oxidized Nitrogen - -  - - ge 0:21 0°63 ap. 0-99 ap. 
“ Oxygen absorbed ” at 27° C. (80° F.) in 4 hours 3°78 244 2°13 
Dissolved oxygen taken up in 24 hours eit 0°64 ap. 0°36 ap. 
Solids in suspension - - - - : - 70 6:0 
Solids by centrifuge (vols.)- - - -— - 37-0 80:0 132°0 
Incubator test (by smell) - - - - - — + + 

















Here the smaller flow on to the shallow filter resulted in a better effluent, but the 
difference between the two was not very marked. 









No. 3,276. No. 3,277. 
Parts per 100,000. = Deep Filter Shallow Filter 
Effluent. Effluent. 
Flow (gallons per cube yard) = 810. 416. 

Oxidized Nitrogen - : : . : c : : 2 1:35 1:55 
“Oxygen absorbed ” at 27° C. (80° F.) in 4 hours - -~ - 2°07 214 
Dissolved oxygen taken up in 24 hours - - - - - - 0°50 ap. 0°46 ap. 
Solids in suspension - - ‘ f i “ 4 L 4:90 280 
Incubator test (by smell) - - - : d b é -f el 





With the smaller flow per cube yard, the shallow filter effluent was on the whole the 
better, but again there was not much difference. 
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No. 3577. No. 3,578. No. 3,579. 
Parts per 100,000. Precipitation Deep Filter Shallow Filter 
Liquor. Effluent. Effluent. 
Flow (gallons per cube yard)= 617. 584. 
Oxidized Nitrogen - ribinnds@ rig) Stites 3 — 1:22 
“ Oxygen absorbed ” at 27°C. (80°F.) in 4 hours - 4°51 2°57 
Dissolved oxygen taken up in 24 hours : 
(a) By original sample- - -~— - 1:20 
(b) By filtered sample - - -— - 0-45 
Solids by centrifuge (vols.)- - - - - 72:0 * 72:0 
Incubator test (by smell) - - obers - + 





The deep filter effluent was in this case rather the better, but again there was not 
much difference. 











No. 3,623. No. 3,625. No. 3,624. 
Parts per 100,000. Precipitation Deep Filter Shallow Filter 
Liquor. Effluent. Effluent. 

Flow (gallons per cube yard)= 1,077. 1,076. 
Oxidized Nitrogen” - . . - - - 0°70 ap. 0°75 ap. 
“ Oxygen absorbed” at 27° C. (86° F.) in 4 hours 4°65 4:27 411 
Dissolved oxygen taken up in 24 hours at 18° C.: 

(a) By originalsample- - -~ - 7 223 2°49 

(b) By filtered sample - - -. - 1:04 1:36 
Solids in suspension - - = - - - 20°40 18-00 15°60 
Solids by centrifuge (vols.) - —- Sanat ihe 152-0 135-0 100-0 
Incubator test (by smell) : _ — 

(a) Original sample = - - - - + + 

(b) Filtered sample hee ORS, == = 


The deep filter effluent was again rather the better, but there was little difference 
between the two. 


The main conclusions to be drawn from these results are :— 


1. That with very heavy flows of dilute precipitation liquor, lasting from 5 to 29 
hours (up to 966 gallons per cube yard on the deep filter and up to 584 gallons per cube 
yard on the shallow filter), non-putrefactive effluents (suspended solids included) were 
obtained. 


2. That with relative flows of roughly 2 volumes per cube yard on to the deep 
filter and one volume per cube yard on to the shallow filter (the actual flows of dilute 
precipitation liquor being high), rather better effluents were obtained from the shallow 
filter, but the difference was not very great. 


3. That when the flows per cube yard were approximately the same, the deep filter 
effluent was rather the better, but again the difference was not very marked. 


4. That with flows of fully 1,000 gallons per cube yard, both filters yielded putre- 
factive effluents, the solids being included, but these were rendered non-putrefactive by 
the suspended solids being removed. ¢ 


5. That very large quantities of suspended solids are washed through the filters in 
times of heavy flow. 


SUMMARY. 


The sewage is one of about average strength, perhaps under the average; it 
contains considerable quantities of subsoil water, probably constituting about one- 
third of its total volume in dry weather. The flow is subject to extreme fluctuations 
during rainfall, a volume equal to twenty times the dry-weather flow having been 
actually gauged by us, while the sewer can and does at times take up to twenty-five 
times this flow (a rate of one million gallons per 24 hours). The whole of this is 
treated at the works, ro storm water being allowed to pass away. 


6225.—App. III. 2S 
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The precipitation effected in dry weather is very satisfactory, the suspended 
solids in the average hourly samples examined not amounting te: more than 2-5 parts. 
In wet weather these solids are considerably increased, about twice as much having been 
found in the chance as in the hourly samples. ~The effective settlement which was 
venerally obtained was, we think, mainly due (1) to the form of the tank, the sewage 
baing delivered into it at a great depth below the surface, while the over flow cill is 
very long, because of the circular form of the tank (the clarified liquid escapes slowly 
all round the top) ; and (2) to the method by which the precipitant is added to the 
sewage. It is, however, necessary to point out that the tanks do not effect nearly such 
good settlement in times of storm, the increased rate of flow of sewage down the central 
shaft evidently disturbing the sludge already accumulated at the bottom of the tank. 
This is a case in which an empty reserve tank for storm water would be advantageous. 


The filters are constructed of carefully selected-gas-works clinker, graded as 
nearly as possible to pieces- of 3-inch-diameter.A— noteworthy point about. their 
construction is that, practically speaking, three out of the four sides are’ built merely 
of very large pieces of clinker, with only a slight batter, 7.¢., those sides have no 
retaining walls proper. ‘The piers which carry the distributing channels no doubt help 
to maintain the stability of these clinker “ walls,” but still the construction is inter- 
esting as showing that deep percolating filters can be built without containing walls of 
‘masonry, and also- without-the waste-of much-filtering- material.--From-the fact that 
the filters have shown no signs of clogging after 4 years’ use, and that they 
continue to yield good results, it follows that the filtering material is well adapted— 
both as regards nature and size—to the treatment of the fluctuating volumes of the 
particular precipitation liquor. The comparatively slight disintegration of this 
material is the result of its having been very carefully selected in the first instance. 


Taking the distribution on to the deep filter as typical of the Stoddart process, each 
tray on this filter being carried on girders supported by brick piers and being fed at 
both ends, the distribution at Horfield has been uniformly efficient during our 
observations, though: not perfect. It has, of course, to be borne in mind that 
comparatively large volumes of a not very strong liquor are ordinarily being dealt with. 
The trays require very little attention, and. only need to be cleaned out once a 
month. A strong point in their favour is that, when called upon----as they often are— 

-to-deal with_very_large increases-in.the- normal flow_of precipitation liquor, the distri- 
bution improves instead of deteriorating. »In-fact, it may be said generally that the 
trays act better the larger the flow they have to deal with, and they possess the further 
advantage of requiring only a very small head of liquid. We have never observed any 
freezing of the liquid in the trays at Horfield during moderate frosts, but have had no 
experience of a prolonged period’of severe weather there. ' We have not noticed any 
serious buckling of the trays. . 


Having given the results of our actual observations, we may perhaps be allowed to 
add, as an expression of opinion, that the weak points of this method of distribution 
seem to be:—(1) that with.a small flow of a strong sewage any defects of distribution 
would be magnified, and this would: have tobe provided for in the construction of the 
filters; (2) that there might be greater difficulties in getting and in maintaining true 
levels over a large area, unless the filters were built in small units; and (3) that, with 
trays of such comparatively thin metal, there must always be some danger of buckling. 


The samples of effluent from the deep filter were of very fair quality, though not of the 
highest class; the last few samples examined were not up to the average standard of 
the others. Out of twenty tested, the three hourly samples and fifteen of the chance 
ones, 7.¢., eighteen in all, withstood incubation; and the majority of them took up only 
moderate amounts of dissolved oxygen from solution. At the same time many of these 
effluents contained large quantities of suspended solids, the settlement of which would 
have been desirable; if this were done, the effluents as;a whole would benefit 
greatly. 


The. effluents. from the shallow filter-were as a:whole not so good.as.those from the 
deep filter ; this was, however, no. doubt due.to. the larger volumes of precipitation 
diquor treated per cube yard.on the, shallow filter.at the times. when: the sewage was 
strongest, and also to the less perfect.distribution. on.to that ,filter. .. Taking only the 
more strictly comparable samples :of effluent. from. the-two filters, when each was 
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treating approximately the same volume of liquor per cube yard, there was litle to 
choose between them, but probably the deep tilter effluents were a trifle the better ; 
unfortunately the majority of the experimental samples were drawn at times of very 
heavy flow. | 


The observations on the two filters have led us to the general conclusion that, where 
the levels allow of it, a deep filter is on the whole preferable to a shallow one, since 
faults of distribution are toned down more in the former case.. With proper care, 
however, a shallow filter (3 feet in depth) can quite well be made to give satisfactory 
results in the treatment of a precipitation liquor like that at Horfield. 


The smell arising from the works at Horfield varies very much ; sometimes there is 
little or none, while at other times we have observed it to be very pronounced. The 
strong smell appears to be due to the nature of the sewage, since it is noticeable at the 
sewage inlet; it probably arises to some extent from the discharge of the foul liquid of 
the latrines at the barracks, this liquid coming to the works three times a day. The 
precipitation tanks being covered in, the smell rises from the tank liquor channel and 
from the immediate neighbourhood of the distributing trays. The Stoddart method of 
distribution involves the exposure of a large surface of liquid immediately over the top 
of the filter, but this apparently tends to concentrate or localise any smell and to largely 
prevent its wide diffusion by wind. It probably explains the jact that while we have 
on many occasions been.conscious of a strong smell on the works themselves, no smell 
was evident a short distance away. 


The ditch into which the effluents from the filters discharge appeared during our 
investigations to be polluted with sewage above the works. Observations upon it were 
therefore useless. 


We should like, in conclusion, to express our thanks to Mr. F. Wallis Stoddart, F.1.C., 
Mr. T. H. Yabbicom, city engineer of Bristol, and Mr. C. Walker, manager of the 
Horfield sewage works, for the assistance they have given us in connection with our 
work at Horfield. e Ear 


6225.—App. IIL. > “iy | . 282 


1. 


2. 


10. 


11. 


12. 


13. 


324 


KINGSTON-UPON-THAMES SEWAGE WORKS. 


(CORPORATION OF KINGSTON-UPON-THAMES. ) 


Situation of Works - £ Z 3 ‘ 


Methods of treatment : ° - x - 


. Population draining to works during obser- 


vations - - - - - : ° 


. Water supply in gallons per head and whence 


obtained - - ~ - - 


. Number of W.C.’s_ - : é : s 


. Sewerage system - - - : ‘ j 


. Average dry weather flow in gallons per 24 hours 


. Gallons of sewage per head per day - s . 
. Character of the sewage - : : 2 
Period of observations = - 4 . 3 . 


Age of experimental contact beds - - : 


Amount of storm water treated : m < 


Total capacity of tanks in gallons - - Z 


Within half a mile of the centre 
of Kingston. 


General process.—About 
2,750,000 gallons per day. 
Chemical precipitation with con- 
tinuous flow subsidence (A.B.C. 
process), 


Experimental process. — About 
12,000 gallons per day. Chem- 
ical precipitation, continuous 


flow subsidence, and _ single 
contact. 


53,454 (estimated average). 


About 25 gallons. From Lam- 
beth district of Metropolitan 
Water Board—a fairly hard 


water. 
About 14,000. 


Chiefly combined. Surbiton and 
Hampton Wick partially sep- 


arate. 
2,750,000. 
51-4. 


Domestic, with some Brewery, 
Tannery and Gas liquor refuse. 


October, 1902 to October, 1906. 


(1) Coke bed, 43 years; 
(2) Clinker bed, 24 -years. 


About twice the dry weather flow. 


1,200,000 
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14. Total area of experimental contact beds in yards 


super - - - ei ttke - 48°8. 
15. Total cubic content of experimental contact beds 
in yardscube - -~— - - = = 4858. 
16. Nature of filtering material —- ones - One bed fine coke and one fine 
clinker. 


17. Gallons of precipitation liquor treated on experi- 
mental contact beds per yard super and per 
yard cube per 24 hours - - - - Coke, 209; clinker, 269. 


18. The final effluent is discharged into - ~~ - - The river Thames, rather below 
; Kingston railway bridge. 


FLOW OF SEWAGE. 


As a result of the access of surface water to the sewers during wet weather, the flow 
of sewage becomes much swollen at such times. Not more than about twice the dry 
weather flow, however, is treated at the works, the rest being diverted into the river by 
overflows placed on the main sewers. There are in all five such overflows; two on the 
Kingston main sewer, two on the Surbiton main sewer, and one on the Hampton Wick 
main sewer. 


Occasionally, owing to the older Kingston sewers being laid in low-lying ground, the 
river rises in flood to such an extent as to pass back over some of these overflows into the 
sewers, the system thus becoming waterlogged. This has only occurred, however, five 
times within the last ten years. 


As continuous records of the total flow of sewage are kept by the Native Guano Com- 
pany, we have thought it unnecessary to make any such gaugings for the Commission, 
but, having checked the readings of the recorder over a period of seven days, we have 
made our calculations from the figures supplied to us by the Company. 


The average dry weather flow is approximately 2,250,000 gallons per day. The 
highest day’s flow of 2,500,000 gallons per 24 hours occurs on the Tuesday and Wednes- 
day of the week, and the lowest day’s flow of 2,000,000 gallons per 24 hours on the 
Sunday. 


The average daily flow treated throughout the years of observation (1903, 1904 and - 
1905) may be taken to have been approximately 2,750,000 gallons. The maximum rate 
of flow to the works in wet weather is about 4,000,000 gallons per 24 hours. 


As the whole of the sewage is pumped, the variations in flow are artificial. It may be 
said, however, that, in general, about 80 per cent. of the sewage comes down during the 
sixteen day hours, as against about 20 per cent. during the eight night hours, and that 
ayart from the two large variations caused by the cutting out at night of one of the 
pumps, or bringing one in in the early morning, the flow is of a steady character. 


Subsow Water.—A. considerable quantity of subsoil water gains access to the sewers. 


Screens.—The whole of the sewage flowing to the Kingston works is screened 
before it passes to the precipitation tanks, the screens consisting of grids, three-quarters 
of aninchapart. These screens are raked by hand about once an hour, the matter removed 
being heaped upon the works and ultimately taken away by farmers free of charge. 
Approximately, eight barrow loads of screenings are removed per day. 


Screened Sewage.—Three sets of hourly samples and four chance samples were 
examined chemically. The hourly sets, Nos. 589, 591 and 595, were drawn over the 
usual three days (Monday to Thursday) in the latter half of July, 1903, in dry weather, 
excepting that 0°03” of rain fell during the second day. They gave the following figures 
on analysis. Alongside are given the figures for the chance sample No, 594, which was 


a 


drawn on July 28rd, 1903, at 3. 30 a.m., and which was supposed to repr esent the weakesy 
sewage of the 24 hours :-— ee , a : 


a ee 





Number of |Chance sample 











Hourly Samples. . Parts per 100,000. Average. Estimations. |. . No. 594. 
Ammoniacal Nitrogen - - a - (3°70 to 4:03) 3°85 (3) 3°07 
Albaminoid Nitrogen - - + = (0°81 to 0°95) 0°86 (3) 0:96 
Total Organic Nitrogen - - -  - - (1:16 to 1:91) 1:63 (3). ie 
Total Nitrogen Sie Se -  - + (486 to 5°86) 5°49 | (3) E 
“ Oxygen absorbed” at 27°C. SPE ). at ome - (2:92 to 3°65) 3:25 (3) 4:00 
- » ss ees in 4 hours- (9°44 to 11°52) | 10°66 (3) 10°45 

Chlorine - - - - - Se - (896 to 9°68) 9°43 (3) the 
Solids in suspension - - - - - - (23°0 to 448) 31:00 (3) 69-0 
Solids by Centrifuge (vols.) -  - - -(126:0 to 167-0) 1420 (3) Too coarse. 
Patio of Solids in eee to pone ; | 

ovlids. - : - - ESR. 37 to1 : 5°5) 1:48 (3) — 





The first and third of these hourly samples contained gas liquor, the smell of which 
was apparent on the morning of analysis, while the second contained tan refuse. In one 
of the samples rather large “fragments of fat were present. The three sets were very: 
uniform in composition, excepting that the first (drawn Monday and Tuesday) contained’ 
almost twice as much suspended solids as the others, this being no doubt due to the fact: 
that Monday.is washing day at Kingston. Taken all over, the Kingston dry-weather 
sewige may be looked upon as being of about average strength in oxidizable matter, as: 
measured by the 4-hours “ oxygen Y absorbed ” test ; “but perhaps a little below average 
as regards nitrogenous matter. ee 


The sample of night sewage was as strong as the average of the hourly samples 
and contained fully twice as much suspended solids (2.¢., 69 parts), these being of a very. 
coarse character and including pieces of green weed. The unusual strength of this sample 
is probably accounted for by the length of time taken by the Hampton Wick sewage to 
reach Kingston by the Shone ejector system. 


Of the other three chance samples of sewage examined partially, No. 8027, was an. 
afternoon sample, drawn in October, 1902, in practically dry weather; No. 474, a sample 
taken about mid-day in February, 1903, also in dry weather ; and No. 3171, an ‘afternoon 
sample drawn in June, 1903, in excessively wet weather, with the Thames in flood and 
the river water flowing into the sewer through the storm overflow. The analytical figures’ ' 
for these may be given separately :— 





Parts per 100,000. No. 3027. No. 474. No. 3171. 





Ammoniacal Nitrogen- - - + =| = —- os ea — 
Albuminoid Nitrogen - - - -  - = — 1:30 = 
Total Organic Nitrogens* =) , -)-sgo ee — _ 3:58 — 
Total Nitrogen - — - - — 9°71 —_ 
“ Oxygen absorbed ” at 27°C. ene atone == _—i| 3°89 | 5:27 1:24 
: : , » in Ahours- | 1515 14-68 5:24 
Chlorine sa ee ge Nee —- 8-26 _ 
Solids .in.suspension (-7, J+, 4 =o areas ie -— 36°6 8:0 
Solids by Centrifuge - ‘ “= “ : P 286:'0 Too: coaiee. 49:0 
Ratio of solids in suspension to Centrifuge solids - ~~ — 1:61 





The above figures show that the afternoon sewage at Kingston is in dry weather very. 
strong, and that its suspended solids are at times very coarse. .The sewage is liable to 
great dilution in times of heavy rain. 
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\ Bacteriological NotesTen samples of Kingston crude sewage were examined bacterio- 
Bogically: Nine out of' the ten samples yie lded positive results with the B. Coli: test See 
presumptive tests for B. Coli, with 1/100,000 c.c. 


sis regards the B. Enteritidis sporogenes test, one sample contained 10, 000, three samplés 
1 ,000, and six samples-100 spores of this anaer robe per*e.e. 


B.S.=Bile Salt Glucose 
Peptone Test. 


Number of B. Col! -- N.R.= Neutral Red 















Description of the B. Enteritidis 
(or Gas-forming Broth Test. si Remarks. 
Sample: GleHike Microbes) 2S Indol Test: | Porogenes Lest. 
L.P.M= Lactose Peptone 
Milk Test. 
3,027. Kingston Crude 100,000 100,000 B.S. At least 10,000 |‘ Gas” Test, +001 
Sewage. 14/11/02. (+ indol) 100,000 N.R. c.c. ;—0001 c.c. 
(++ clot ) 100,000 In Gelatine (24 hours 
100,000 L.P.M. ee at 20°C.). 
474. Kingston’ Crude 100,000 100,000 B.S: =< |°1,000 not 10,000 |Gas” Test, + -O1 
Sewage. 2/2/03. (+ indol) 100,000 N.R. ec. ;— 001 c.c. 
(+ clot ) 100,000 In. Gelatine (24 hours 
100,000 L.P.M. at 20° C.). 
3,171. Kingston Crude! — 100,000 N.R. 1,000 not 10,000 
’ Sewage. 21/6/03. ; 
588. Kingston Crude _ 100,000 N.R. 100 not 1,000 
Sewage. 21/7/03. 
591. Kingston Crude — 100,000 N.R. 100 not 1,000 
Sewage. 22/7/03. 
§94.. Kingston. Crude |. - — | 10,000 not: 100,000 N.R.| »-100 not 1,000 
Sewage. 23/7/03. 
(Weak). | 
595. Kingston Crude — 100,000 N.R. 100 not 1,000 
Sewage. 23/7/03. | 
(a) Kingston Crude .. 100,000 100,000 B.S. 100 not 1,000 
Sewage. 8/8/04. (+ indol) 100,000 N.R. 
(+ clot ) 100,000 L.P.M. 
(c) Kingston — Crude ~*100,000 - 100,000 B.S. ° 100 not 1,000 
Sewage. 11/8/04. |) «(4 indol)) « +. »-100,000-N.R as 
nyo.) pag ger(4eclots) ex: 100,000 In. « 
iy | 100,000 L.P.M. 
(r) Kingston Crude 100,000 100,000 B.S. 1,000 not 10,000 
Sewage. 12/8/04. (++ indol) 100,000 N.R. 
(+ clot’) 100,000 In. 
. 100,000 L.P.M. 
PRECIPITATION TANKS. 
Number =. es eae: - 8. 
Sizeofeach -. “ - - 85 feet by 50 feet. 
Average of working depth . - 6 feet. 
Capacity of each pene - - 150,000 gallons. 
Total capacity. - pe ee - - 1,200,000 gallons. 


Construction.—The precipitation tanks are constructed of brick and cement, with con- 
crete bottoms. They are divided longitudinally by a brick and cement wall extending 
about three-quarters of the entire length, and are fitted with floating arms for the purpose 
of withdrawing the supernatant liquor, previous to sludging. 


The sewage enters each tank through a wide penstock, and, having passed down one 
division and under two scum- boards, flows back through the other division, and so—by 
means of another penstock—to the entrance of the second tank. The draw- off in the last 
tank is made by means of a bell-mouthed pipe, which is protected by a floating scum- 
board in the form of a box without top or bottom. 


Precipitants.—The_ precipitants used are alumino-ferric, blood, charcoal and _ clay, 
together equal to about fifty grains per gallon of sewage in dry weather. The blood, 
charcoal and clay are ground up with a little sewage in a mortar-mill, and the 
mixture is run into a small tank; where it is further diluted, preparatory to being mixed 
with the sewage. The alumino- ferric is added subsequently, i in the form of a solution, 
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low-Through.—With the average number of tanks (five) in use, and the average dail 
rie of 2,750,000 gallons, the flow through is once in 65 hours, at the rate of about 11°4 


inches per minute. 


Working.—The sewage, as it flows along the inlet channel, is divided into roughly equal 
portions, half flowing through the precipitation tanks on the one side and half through 


those on the other. 


In dry weather, two tanks on each side are sufficient to produce effective settlement, 
but in wet weather three tanks on each side are often required. 


The average number of tanks in use is five, and these are used in two series of two or 
three tanks. The first tank in a series is cleaned out every six or seven days, and the 
second or third tank in a series about once a fortnight. 


Sludging.—When it becomes necessary to sludge one of the tanks, the supernatant 
liquor is first drawn off as far as possible by means of a floating arm, the thicker part of 
the liquor close to the sludge at the bottom being subsequently pumped back into the 
tanks which are being used for the treatment of the incoming sewage. _ The liquid sludge 
is then pumped by means of a small Tangye ram pump into a large sludge well, whence it 
is sucked into an air-tight chamber, and from there forced into the presses by means of 
compressed air. 


There are sixteen presses provided for this latter purpose, each working on an average 
about 1°38 times per day. As each press produces about 16 cwt. of pressed cake, the total 
qvantity of pressed cake made is about 17°6 tons per day, or about 6,000 to 6,500 tons 
per year. 


The pressed cake is next broken up as well as possible in a small mill and passed by 
means of a hopper through the drying plant, where it is raised to a temperature of about. 
75°C., and from which it emerges in the form of a moist powder. This, after storing under 
cover, becomes the “ Native Guano” which is placed upon the market. As a rule, it is 
stored for six months before being sent out. 


The proportion of water in the tank sludge is probably about 90 per cent., in the pressed. 
cake about 50 per cent., and in the Native Guano about 25 per cent. 


Native Guano.—A sample of native guano (A), made up of eighty-five different fractions, 
was drawn on March 28rd, 1905, and examined both chemically and bacteriologically. 
It was in a fine state of division. In the second column are given the figures of analysis 
of another sample of native guano (B), examined partly in October, 1904, and partly in 
January, 1905. The following results were obtained :— 


—_—— A. is 


Moisture (at about 110°C.) - : E : é 4 : 


Matter volatile on ignition = 5 z : . 2 é 


25°87 per cent. | 10°19 per cent. 
3799 ss, 4508 ss, 
Non-volatile matter- SE eS ere Mere a ie: > 44:73 i 


100:0 per cent. | 100° 0 


Grit (7.e., matter insoluble in hydrochloric acid, after ignition) - - | 22°33 per cent. | 28°04 ” 
*Oxide of jron.and. alumina, a =, Uoancsetmeres geet ule enema 1159 i, 
tLime - ¢ E é 2 £ J 8 - - - 3°30 z 4-78 = 
Magnesia wk OT OEE AE OS Soe SES Si 2 Pee aaihaae = _ 042 
Potash (soluble in dilute hydrochloric acid) - - - - ~ = 0:16 approx. eas 
Potash (soluble in water) 72 = DOCTAUS She Behe Sra 006 C,, ee 
(Phosphoric acid (P,O,)) =" = 5) = peek 8 = ee cee 1747 "3; 235 oy 
_\ Equivalent to tribasic phosphate of lime Se eee 380, 513 Cs; 
Nitrogen (total) ee ee ee ye Ss 193 3 2°49 .* sy: 
Nitrogen evolved as ammonia on boiling for 2 hours with a dilute 

solution of potash (0-5 per cent. KOH) - - lettin 0-41 <i, 050 =, 

Do. do. in6 hours -  - - - Ais See — 060 ,, 





* This figure will include the phosphoric acid and probably also some lime. 
+ May contain a small quantity of magnesia. 
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Allowing for the difference in moisture, the above two samples have almost the same 
composition, but B is slightly richer in nitrogen and phosphoric acid than A. | 





Bacteriological Analysis.— Sampie A. 
Kingston Native Guano. 
Average of 85 samples. 23rd March, 1905. 
B. Coli Test.—Negative result with 1 gramme. 
Neutral Red Broth Test.—As regards fluorescence, + zo55 3 — rodvs Of a gramme. Growth in tube 


inoculated with one-10,000-millionth of a gramme, ind cating tne survival of an enormous number of 
bacteria. 
B. Enteritidis Sporogenes Test.— + yo05 — rosso Of & gramme. 


Precipitation Liquor.—Three sets of hourly samples and twenty chance samples were 
examined chemically, the latter including seven which were drawn to correspond with the 
experimental samples of effluent referred to later. The hourly samples, Nos. 589, 592 
and 596, were drawn in July, 1903, in practically dry weather, at the same time as 
the hourly samples of sewage. They gave the following results on analysis :— 











Parts per 100,000. | Average. eae Om 

Ammoniacal Nitrogen - | - - - - - - - (3°57 to 3°76) 3°64 (3) 
Albuminoid Nitrogen - rt a - - - - - (0°38 to 0°49) 0°44 (3) 
Total Organic Nitrogen - - - - - - - (0°56 to 1:00) 0°82 (3) 
Total Nitrogen - - - - - - en - (426 to 4°76) 4°47 (3) 
“Oxygen absorbed ” at 27°C. (80°F.) at once - - + - (1°50 to 1°73) 1°62 (3) 

i 5 ‘ ‘3 in 4 hours - - - (489 to 5°57) 5°17 (3) 
Chlorine” - 2 olga - . - - - (8°80 to 9:36) 9°06 (3) 
Solids in Suspension - - - - - - - - (1:52 to 2:06) 1°46 (3) 
Solids by Centrifuge (vols.) - —-- - . : - - (12:0 to 13:0) 12°0 (3) 
Ratio of Solids in Suspension to Centrifuge Solids - (1: 63 to 1: 78) La7 (3) 





It requires but a glance at the above figures of analysis to see that these hourly sets of 
precipitation liquor were uniform in composition. In appearance they were opalescent, 
with very small quantities of whitish flocculent sediment, and they all had a faint sewage 
smell on the morning of analysis (the last one had a smell of gas liquor when drawn, and 
this had not entirely disappeared by the following morning). The striking point about 
this precipitation liquor is its freedom from suspended solids, the average over the three 
days being only 1°46 parts. In other respects it was not strong organically, the 4 hours 
‘“‘ oxygen absorbed ” average figure being 5°17 and that for organic nitrogen 0°82. The 
result of the precipitation process at Kingston, therefore, is to produce an exceptionally 
well clarified liquor of only moderate organic strength. 


Compared with the hourly sets of sewage samples, these hourly sets of precipitation 
liquor show the following reduction in figures :— 























Calculated on :— Reduction. 

Total Nitrogen - - - - = : = = : s : - 19 per cent. 
Ammoniacal Nitrogen - - = : - . = : 4 : = ie jae Oe 
Albuminoid Nitrogen - - . - - ; - = - - - 49°... srs 
Total Organic Nitrogen - : - - - - = : - 50 ,, 5 
“Oxygen absorbed ” aé once - - - - - ‘ - - . Scent 4 § 
“ a im4hours - - = : z : : . bSriii vin, 
SGlianmesnspenon eres yf = M8 fake QB hasSroeds 
Solids by Centrifuge (vols.) - = Be. - . il ee : Lede ee 





Chance Samples.—The nineteen ordinary chance samples of precipitation liquor examined 
were Nos. 3028, 475, 505, 525, 527, 3172, 618, 3272, 646, 664, 699, 3569, 775, 3649, 3652, 
3662, 3665, “C.” and 2. Three-fourths of these were drawn in the cooler months of the 
year (October—March) and the remainder in May, June and August, while nearly half 


6225.—App. IIT. 27 
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were taken in dry weather and the remainder in wet. The hours of drawing varied between 
10.20 a.m. and 7.40 p.m., but thirteen of the samples were taken between 12.10 noon and 2.40 
p.m. Speaking generally, therefore, these chance samples of precipitation liquor may be 
taken as representing a fair average of what is treated on the filters; perhaps, on the 
whole, they represent a slightly more dilute liquor than the average for the whole year. 


The following results were obtained :— 
Number of 


Parts per 100,000 Average. Estimations. 

Ammoniacal Nitregen - - - - - - (2:39 ap. to 4:94) 3°38 (10) 
Albuminoid Nitrogen e YOGI SG (0°31 to 0°74) 0°44 (8) 
Total Organic Nitrogen - - - - - - (1:23 to 1:98) 1:48 (7) 
Oxidized Nitrogen - - - - - - (0-0 to 1:18 ap.) 0:37 (16) 
{Gaur Nitrous Nitrogen -_— - ey ee (0-0 to 0-22) 0-04 (16) 
Total Nitrogen =e ese Cs - - - : (2°66 to 6°66) 4°60 (10) 
“Oxygen absorbed ”-at 27° C. (80° F.) at once - — - (0°46 to 1°67) 0:98 (18) 
is G 3 » mAhours - (2:18 to 6°51) 4:39 (19) 
Dissolved oxygen taken up in 24 hours at about 18° C. (0°39 ap. to 6°47) *2°85 ap. (13) 
Chlorinasy-.. -| Sess © se (4°62 to 8:00) 6°75 (8) 
Solids in suspension - = - =e - (1:50 to 3:06) 2-40 (6) 
Solids by centrifuge (vols) Soom - fami (trace to 52:0)t 11:0 (18) 
Ratio of solids in suspension to centrifuge solids - (1:0°'7 to 1:17) 1:5°5 (6) 


In appearance these chance samples were usually opalescent or slightly turbid, some- 
times almost colourless, but generally of a slight brownish tint. The smell, as a rule, was 
not strong; sometimes the liquor had a sewage and sometimes a soapy smell, while in a 
few cases it smelt of tar or resin, etc. The maximum figure found for suspended solids 
was 3:06 parts, and in most cases (as judged by centrifuge figures) there was less than 1 
part present. The separation of the suspended matter of the sewage by this precipitation 
process has thus been consistently good throughout the whole time of our observations. 
An unusually large number of the samples were found to contain very appreciable quan- 
tities of nitrate on the day of analysis, indicating, in the first instance, the presence of 
subsoil water in the original sewage, and, in the second, the comparatively stable char- 
acter of this liquor, so far as the reduction of nitrate within one day of sampling is 
concerned. At the samme time this cannot be ascribed to a deficiency in the number of 
microbes present, although it has to be borne in mind that the liquor is somewhat dilute 
organically. We are unable to say whether the nature and the large quantity of precipi- 
tants used have any temporarily restraining effect on the vitality of the bacteria. As 
hearing on this point it may be mentioned that—for a precipitation liquor—it took up 
comparatively little dissolved oxygen from water in 24 hours. No sample, however, out 
of eight tested, was able to withstand incubation. These chance samples of precipitation 
liquor showed of course much greater variations in composition than the hourly ones, but 
the average figures are in both cases much the same. | 


Compared with hourly samples of sewage, the chance samples of precipitation liquor 
show the following reduction in figures :— 


Calculated on :— Reduction. eerie 

Total Nitrogen ie 3 St eee - - a5 ee 16 per cent. (10) EP 
Ammoniacal Nitrogen 92" 4-023 -. = ee aie (10) 
tAlbuminoid Nitrogen - - - - 2h (AF gt bea ee 49 C,, (8) 
Total Organic Nitrogen - - -- - =~ = Ss Din Us: (7) 
* Oxygen absorbed” at once - - - - - - - Og |s (18) 
. 4s in 4 hours : 5 : - : E 59 5 (19) 
Solids in suspension - = - : : - LS 92 3 (6) 
Soilds by centrifuge (vols) - - - - : - : 92 = (18) 











* This figure is too low, as in some cases all the oxygen was exhausted, and the first few estimations 
were only approximate. The average for the last seven samples was 4°22. 

+ This figure was quite exceptional. There were only three samples out of eighteen which showed a 
centrifuge figure of above 14:0. 

{ The reduction figures for albuminoid and total organic nitrogen are based, for the moxt part, on the 
stronger chance samples. 
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~The following figures are given in detail, in order to show more particularly the absorp- 
tion of dissolved oxygen by the Hingston precipitation liquor :— 








Number of Sample. 3569 775 3652 
Total Nitrogen - - - - 5°89 3:24 5°63 
Solids in Suspension - — -- 2°60 — ee 
Svlids by Centrifuge (Vols.) URS 70 53 
‘Oxygen absorbed” in 4 elgere 
at 27°C - 4°68 3°02 5°70 


Days=28| 1 14 28/ 1 
7256 ap. |221 215 967| 647 


Dissolved oxygen taken up from 
water at 18°C. in 1 to 56 days* 





3662 


6°66 
1:90 
40 


3665 


G 2 
497 | 4-69 
— 2:55 
8-4 48 
443 | 5-08 

=A, 56, | 1a. 

420 366 | 3-02— 


The above figures are interesting as showing that in this well clarified precipitation 
liquor the amount of dissolved oxygen taken up from tap water in 24 hours at 18°C. (at 


moderate dilutions. repging 
amount taken up from aci 


from 4 to 14) is in most cases fairly comparable with the 


permanganate in 4 hours at 27°C.; and, further, that the 


maximum quantity taken up from water in 56 days (at a dilution of 99) was 78 parts 


approximately. 


The subject is discussed in connection with the results of similar estimations upon 


a number of other samples. { 


Bacteriological Notes—Twenty-two samples of precipitation liquor were examined 


bacteriologically. 


Nearly all the samples yielded positive results with the B. Coli test, and presumptive 


tests for B. Coli, with 1/10,000 to 1/100,000th c.c. 


As regards the B. Enteritidis sporogenes test, six samples contained 100, thirteen 
samples 10, and three samples less than ten spores of this anaerobe per c.c. 


B.S. =Bile Salt Glucose 
Peptone Test. 
N.R.=Neutral Red 
Broth Test. 


Number of B. Coli 


Description of the (or Gas-forming 


B. Enteritidis 
Sporogenes Test. | 


10 not 100 


Less than 10 


10 not 100 


panies \Coli-like Microbes). In.=Indol Test. 
L.P.M. =Lactose Peptone 
Milk Test. 
3028. Kingston Precipi- | 10,000 not 100,000) 10,000 not 100,000 B.S. 
tated tank liquor. (-- indol) 10,000 not 100,000 N.R. 
14/10/02. (+ clot ) 10,000 not 100,000 In. 
100,000 L.P.M. 
475. Kingston precipi- | 10,000 not 100,000} 1,000 not 10,000 B.S 
tated tank liquor. (+ indol) 10,000 not 100,000 N.R. 
2/2/03. (+ clot ) 10,000 not 100,000 In. 
10,000not 100,000L. P.M. 
525. Kingston precipi- 4 100,000 N.R. 
tated tank liquor. 
4/5/03. 
527. Kingston precipi- oa 10,000 not 100,000 N.R.| 100 not 1,000 
tated tank liquor. 
7/5/03. 


100,000 N.R. 


3172. Kingston precipi- an 
tated tank liquor 
21/6/03. 






evolved during the period of aeration. 
+ This figure is not quite exact. 
ma was not measured, and it had to be inferred. 


10 not 100 


—_— 


Remarks. 





“Gas” Test, 
+ -O01 ec. — -001 
ce. Gelatine 


(24 hrs. at 20°C.) 


| “Gas” Test Nega- 
itive -1 cc. Gelatine 
(24 brs. at 20°C.) 
Number of Bac- 
teria (Gelatine at 
20°C.) 
150,000 per cc, 


! 





* The above estimations were done in unjointed bottles, and no correction was made An iieten 


By an oversight the capacity of the bottle in which the estimation was 


tof. Memorandum on “ SIAL Ti of pores: Appendix IV to Fifth Report (separate volume). 


6225, —App. Ill. 
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ee en a aL EE SE a a ee Ce et Le eS Lee ee Ps 


Description of the 
Sample. 


589. 
tated tank liquor. 


21/7/03. 


592. 
tated tank liquor. 
22/7/03. 


596. Kingston precipi- 
tated tank hquor... 
23/7/03. 


618. 
tated tank liquor. 


7/10/03. 


619. Kingston precipi- 
tated tank liquor. 
7/10/03. 


646. Kingston precipi- 
tated tank liquor. 
10/12/03. 


664. Kingston precipi- 
tated tank liquor. 
2/2/04. 


699. Kingston precipi- 
tated tank liquor. 


31/5/04. 


(B). | Kingston precipi- 
tated tank liquor. 
8/8/04. 


(D). | Kingston precipi- 
tated tank liquor. 
11/8/04. 


(F). Kingston precipi- 
tated tank liquor. 
12/8/04. 


3569. Kingston precipi- 
tated tank liquor. 
28/11/04. 


775. 
tated tank liquor. 


3/1/05. 


3649. Kingston precipi- 


tated tank liquor. 
17/8/05. 


3662. 
tated tank liquor. 


17/10/05. 


3665. Kingston precipi- 


tated tank liquor. 
13/11/05. 


(C). 
tated tank liquor, 
31/1/6. 


Kingston precipl- 


Kingston precipi- 





Kingston precipi-. 








Kingston precipi- 





Kingston precipi- 


Kingston precipi- 


Number of B. Coli 


(or Gas-forming 


Coli-like Microbes). 
L 


B.S.=Bile Salt Glucose 


Peptone Test. 
N.R.=Neutral Red 
Broth Test. 
In.=Indol Test. 


Milk Test. 


Sporogenes Test. 
.P.M.= Lactose Peptone 








10,000 not 100,000) 10,000 not 100,000 N.R. 


(++ indol) 
(+ clot ) 


100,000 
(-+- indol) 
(+ clot ) 


100,000 N.R. 


100,000 N.R. 


100,000 N.R. 


100,000 N.R. 


1,000 not 10,000 | 1,000 not 10,000 N.R. 


(+ indol) 
(+ clot ) 


100,000 
(+ indol) 
(+ clot ) 


100,000 
(+ indol) 
(+ clot ) 


100,000 
(— indol) 
(+ clot ) 


100,000 
(— indol) 
(+ clot ) 


100,000 
(— indol) 
(+ clot ) 


100,000 N.R. 


100,000 B.S. 
100,000 N.R. 


100,000 B.S. 
100,000 N.R. 
100,000 L.P.M. 


100,0000 B.S. 

100,000 N.R. 
10,000 not 100,000 In. 

100,000 L.P.M. 


100,000 B.S. 

100,000 N.R. 

100,000 In. 
100,000 L.P.M. 


10,000 not 100,000} 10,000 not 100,000 B.S. 


(-- indol) 
(+ clot ) 


10,000 not 100,000) 10,000 not 100,000 B.S. 


(-++ indol) 
(+ clot ) 


100,000 N.R. 


1,000 not 10,000 N.R. 


10,000 not 100,000 B.S. 


100,000 N.R. 


100,000 B.S. 


10,000 not 100,000 N.R. 


10,000 not 10,000 B.S. 


10,000 not 100,000 N.R. 


10,000 not 100,000 B.S. 


1,000 not 10,000 N.R. 


B. Enteritidis Remarks. 


10 not 100 


Less than 10 


100 not 1,000 


100 not 1,000 


10 not 100 


10 not 100 


10 not 100 


10 not 100 


100 not 1,000 


100 not 1,000 


10 not 100 


10 not 100 


10 not 100 


10 not 100 


100 not 1,000 


10 not 100 


1 not 10 


Oh 
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THE EXPERIMENTAL SINGLE CONTACT BED PROCESS 


(Native Guano Company’s BEDs). 


Number of beds A ee oe de 

Size of each - - =. - 20 feet by 11 feet. 

Area of each - . - - 24°4 square yards. 

Total area : . - -. 488 _,, 09 

Depth of material = - - - $ feet. 

Cubic content of each : - 244 cube yards. 

Total cubic content - - - 488 _,, ie 

Material - - - os - No. 1 Bed.—Coke graded as 


follows :—(Top) 2 feet 3 inches, 
4 inch to 1 inch in diameter ; 


(Bottom) 9 inches of coarse coke. 

No. 2 Bed.—Furnace clinker 
graded as follows:—(Top) 2 feet, 
3 inches, + inch to 2 inch in 
diameter ; (Bottom) 9 inches of 
coarse clinker. 


Construction.—The filter tanks are constructed of cement concrete throughout. 

Disiribution.—The distribution is effected by means of shallow wooden troughs, carried 
diagonally from each corner of the bed and crossing at the centre. The troughs rest on 
the surface of the material. 


Underdraining.—One main drain, constructed of three-inch agricultural pipes, down 
the centre of the bed, fed by three lines of three-inch agricultural pipes (unjointed), laid 
herring-bone fashion on either side. 


Age of the Beds.—The coke bed was first brought into use on May 24th, 1898. 
The clinker bed was started on June 24th, 1902. 


Working.—As these small contact beds were constructed by the Native Guano Company 
for experimental purposes, their working has varied considerably, as follows :— 


Coke Bed. Clinker Bed. 
Period. Rate. Period. Rate. 


May, 1898 -— September, 


1900 - - - | 8 fillings in 12 hours - 
September, 1900 — January, 
1901 - - - - | 4 fillings in 12 hours 


January, 1901 — October, 

190EE: = - - - | 6 fillings in 18 hours 
October, 1901 - July, 1902. | 4 fillings in 12 hours - | June, 1902 -— July, 1902- | 4 fillings in 12 hours - 
July, 1902 -— September, 


1904 = - | 8 fillings in 12 hours - | July, 1902 — September, resi 
September, 1904 - Novem- 1904 - - - - | 8 fillings in 12 hours - 
ber, 1904 - -  -| 4 fillngsin 12 hours - | September, 1904 - Novem- end 
November, 1904-February, ber, 1904 - - = - | 4 fillings in 12 hours 
1906 - - . - | 6 fillings in 24 hours - | November, 1904 — Febru- 
ary, 1906 - -  - | 6 fillings in 24 hours - 


The period of contact, however, has been two hours throughout in both cases, 





The beds are filled and emptied by hand. They are very occasionally raked and dug 
over to a depth of about one foot. 
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Cupacity.—Coke Bed.—The original empty tank capacity of the coke bed, according to 
the dimensions of the tank, was 4,125 gallons, and, assuming that the material when 
first put in occupied one half of the space of the tank, the original water capacity would 


be 2,062'5 gallons (*). 
The working of the coke bed may be divided into three periods :— 
(1) From May 28th, 1898, to March, 1901, when the top 18 inches of material were 
removed and riddled. 
(2) From March, 1901, to November, 1904; and 


(3) From November, 1904, to February, 1906, a period during which the number of fill- 
ings given to the bed was raised to six per day of 24 hours, at the request of the 
Commission. 

The capacity measurements from November 10th, 1904, to February, 1906, were made 
for the Commission under our supervision. Those given for dates previous to November, 
1904, were made for the Native Guano Company. 


(First Period. )—The working of the coke bed during the first period was as follows :— 





Period. Rate. 
May, 1898, to September, 1900 - - - - 3 fillings in 12 hours. 
September, 1900, to January, 1901 _——- - 4 fillings in 12 hours. 
January, 1901, to March, 1901. - - - +4 $46 6 fillings:in 18 hours. S 


The capacity measurements were :— Ng 


November, 1899 - 1,225 gallons or 29'6 per cent. of the original empty tank 
capacity. nati 
December, 1900 - 71,265 ‘gallons, or 30°6 percent. of the original empty 


tank capacity. ; 


-In the early part of 1901-the bed began to take:the precipitation liquor at each filling 
rather slowly, owing to the breaking down of the surface coke, and im March, 1901, the 
the top 18 inches of the coke were removed, riddled, and replaced, the loss resulting from 
the rejection of the small material being made up by the addition of fresh coke.» ~ 


(Second Period.)—During the second period the working of the bed was as follows :— 





Period. ; Rate. 
March, 1901, to October, 1901 - - - - 6 fillings in 18 hours. 
October, 1901, to July, 1902 - : - - 4 fillings in 12 hours. 
July, 1902, to September, 1904 - - - - 3 fillings in 12 hours. 
September, 1904, to November, 1904 - - - 4 fillings in 12 hours. 








The capacity measurements were as follows :— 


March, 1901 - 1,420 galls. or 34:4 per cent. of the original empty tank capacity. - 
October, 1901. - - 1,824. ,,..132 9 ” 7 Bp 
October, 1903 - 1,128 >, es s 5 ” 
November, 1904 1,190 ,, 288 ” i? Z 








- ie: capacity measurement, which can, however, only be considered approximate, was made by the 
Native Guano Company three weeks after the coke bed was started, and gave, as a result, the figure of 1,400 
gillons for the capacity of this bed. As it is very improbable that as much as 600 gallons of water capacity 
were lost during the three weeks of working, the assumed figure of 2,062°5 gallons for the original water 
capacity 1s probably too high, and in the figures for percentage reduction of capacity we haye therefore cal- 
culated only from the original empty tank capacity. 


+ The apparent increase shown by this measuremant was thought to be due to a leak. 


f 
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During the first period of its life the bed received an average of 3°29 fillings per day 
for nearly three years, the capacity being reduced to 30°6 per cent. of its original empty 
tank capacity. 

During the second period of its life the bed received an average of 3°72 fillings per day 
for nearly 3? years, the reduction in this case being to 288 per cent. ofits original empty 
tank capacity. 


(Third Period.)—From November 29th, 1904, till February 21st, 1906—the third period 
of its life—the bed received, at the request of the Commission, six fillings per day of 24 
hours, working continuously at this rate, with the exception of a month’s rest in 


November, 1905. 


The capacity measurements relating to this period gave the following results :— 


November 10th, 1904 _ - 1,190 gallons, or 28°8 per cent. of the original empty 
| tank capacity. 

November 29th, 1905 _——- 917 gallons or 22:2 per cent. of the original empty 
tank capacity. 

December 15th, 1905 - 1,040 gallons or 25:2 per cent. of the original empty 
(after 15 days’ rest) tank capacity. 

February 21st, 1906 —- 817 gallons or 198 per cent. of the original empty 


tank capacity. 


During the whole period of its life the coke bed received an average of 3°93 fillings of 
precipitation liquor per day for about 7? years, and its capacity at the end of this time— 
with one partial renewal of the material—was 19°8 per cent. of the original empty tank 
capacity. 

On March 8th, 1906, the fillings given to the coke bed were increased—again at the 
request of the Commission—to eight per day of 24 hours. 


Clinker Bed.—{Owing to a small leak, the figures of capacity given for the clinker bed 
cannot be considered quite accurate. An allowance has been made for this by. measuring 
the quantity of liquid leaking away in a given time, and the measurements are thought 
to give a very fair index of the comparative capacities ; but they are put forward as being 
only approximate.) , 


“The original empty tank capacity of the clinker bed was 4,125 gallons, and the original 
water capacity by actual measurement (Native Guano Company) was 1,900 gallons, or 46 
per cent. of the original empty tank capacity. After working for eighteen months at an 
average rate of 3°2 fillings per day (three months at 4 fillings in 12 hours, and fifteer 
months at $ fillings in 12 hours), the capacity of the clinker bed on November 10th, 1904.,. 
was found to be approximately 1,690 gallons. At this time, therefore, it retained 88 per 
cent. of the original water capacity, or 40°9 per cent. of the original empty tank capacity. 


From November 29th, 1904, to February 21st, 1906, the number of fillings given to 
the clinker bed was raised at the request of the Commission to six per 24 hours. At the 
commencement of this period of working (December Ist, 1905), the capacity of the bed 
was found to be approximately 1,355 gallons ; while at the end of the period (February 
21st, 1906) it was approximately 1,346 gallons. 


After working for three years and ten months, therefore, at an average rate of 4 fillings: 
per day, the capacity of the clinker bed had been reduced to 32°6 per cent. of its original 
empty tank capacity, or 70°8 per cent. of its original water capacity. 


On March 8th, 1906, the number of fillings given to the clinker bed was cut down to 
four per day of 24 hours. 


Filter Efuents.—Coke Bed Efluents.—In addition to special experimental samples, 
three sets of hourly samples and seven ordinary chance samples of filter effluent from 
the small coke bed were examined. During the period of time covered by these 
samples (March, 1903, to November, 1904), the bed was treating precipitation liquor at 
the rate of three fillings in a day of 12 hours. 


The hourly sets, Nos. (590, 599), 593 and 597, were drawn at the same time as the other 
hourly samples in July, 1903, in practically dry weather. Nos. 593 and 597 each repre- 
sented four discharges, while Nos. 590 and 599, which are averaged as one sample for 
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nitrate and “oxygen absorbed” from permanganate, represented two discharges each, 
The remaining figures taken are those of No. 590, as No. 599 was only partially analysed ; 
this cannot, however, make any appreciable difference in the general average result. 


a se EEE 


‘| Number of _ 


Parts per 100,000. | Average. | y. dara 
8 eg ee 
Ammoniacal Nitrogen’? { 26 -4 7) 7) OOF ce G88 ,60,200) 5] ae 196 (3) 
Albuminoid Nitrogen * - - - + (0°18 and 0-20) (2) 
Total Organic Nitrogen - 2 : ; = - : t 
Oxidized Nitrogen ? - - (1:11 ap. to 1:32) 1:22 (3) 
| Containing Nitrous Nitrogen - — - : -  - = (0:01 to 0:01) 0-01 (3) 
Total Nitrogen Y Ide) Ig Oa to ee RR (S13 tose 3°33 (8) 
“Oxygen absorbed ” at 27° C. (80° F.) at once - . - (0°16 to 0°32) 0:24 (3) 
$ * 5 »  m4hours- - - (067 to 1:04) 0°84 (3) 
Incubator Test (Scudder) - - - - - - - - ee A 36 (8) 
’» >» (by smell) = ae CaP e (3) 
Smell] when drawn - - - - - - - - - : : 3-4 (3) 
Smell when analysed - - - - - - - - - - = Saar (3) 
Chlorine er me ee Ee ed) 7:93 omg 
Solids in Suspension - - - - = = = = (0°94 and 1:32) (2) 
Solids by Centrifuge (vols.) - - - - - - - (19°0 and 8:5) (2) 





These hourly samples of effluent were very uniform in-composition. In appearance 
they were nearly clear or slightly opalescent, and they contained only very small quanti- 
ties of Hocculent suspended matter (about 1 part per 100,000). They had a clean smell 
when drawn and when analysed, and they all withstood incubation, without much reduc- 
tion of their nitrate (which constituted about one-third of the total combined nitrogen). 
The 4 hours’ “ Oxygen absorbed ” figure was low. 


Compared with the hourly samples of sewage and of precipitation liquor, they show 
the following reduction in figures :— 





Compared with— 


Calculated on— : 
Sewage. Precipitation Liquor. 








Total Nitrogen - - . - - - - - | 39 per cent. reduction.| 25 per cent. reduction. 
Ammoniacal Nitrogen 4 “i a : - e - | 49 p ; 46 . e 
Albuminoid Nitrogen -Yin oh Tedsaieerne ds gett Tapa ds 54 5 57 as 3 
“ Oxygen absorbed” at once - : = - - - | 93 if te 85 3 .f 

i y ti & hows = OE PT eo RAS See Oe es rs 84, 3 
Solids in Suspension 5 S - ; = 5 - lover 90,, af About the same in both, 


Judging from the respective chlorine figures, the hourly samples of filter effluent did not 
correspond exactly with the hourly samples of sewage and of precipitation liquor, but 
represented a slightly weaker liquid. Nevertheless, the purification effected in the small 
coke filter was very good, as measured by the 4 hours “‘ oxygen absorbed ” test. The fact 
of nearly two-thirds of the nitrogen present in the effluents being still in the form of 
ammonia shows that nitrification was not carried toa great extent here; but, on the other 
hand, there were only traces of nitrite both before and after incubation, a proof of the 
stability of the effluents. These effluents may thus be described as of fair to good quality 
from a chemical point of view (¢/% chance samples). 


Chance Samples.—The seven ordinary chance samples of coke bed effluent examined, 
Nos. 506, 528, 588A, 617, 3,271, 700, and 3,570, were drawn between March, 1903, and 


November, 1904, for the most part in the cooler months of the year, and in varying 





* The figures for albuminoid nitrogen may possibly be rather too high. 
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weather as regards rainfall, but mostly in wet or after wet weather. They were all taken 
between 11.25 a.m. and 3.0 p.m. and all at midflow. They gave the following figures :— 
































Parts per 100,000 | Average. in eects 
Ammoniacal Nitrogen- - - + + =~ - - (0°30 to 2°81) 145 (6) 
Albuminoid Nitrogen - Yysf-oy- - - - +. (008t0015)) 0:12 (5) 
Total Organic Nitrogen- —- . - - . - (0-29 ap. and 0:24) — (2) 
Oxidized Nitrogen - - - . - - - (1:11 to 2°50 ap.) 1:53 (7) 
Containing Nitrous Nitrogen - - - + -  - (00 or trace) 0-0 (7) 
Total Nitrogen - - - - - - - - - (2°90 to 4°34) 3°43 (3) 
Oxygen absorbed at 27° C. (80° F.) at once - 2. : -. (0-18 to 0-40) 0-31 (6) 
Oxygen absorbed __,, » ingfhours - - - - (0°44 to 154) 0:96 (6) 
Dissolved Oxygen taken up from water in 24 hours at 18°C. (0:0 to 0°58 ap.) 0:18 ap. (6) 
Incubator test (Scudder) — - - - “ihre - - - - - 3+1— (4) 
Incubator test (by smell) | - - 2 - - . - - - 7+ (7) 
Smell when drawn - 2) MEG eee - - - |6 +1 slightly— (7) 
Smell when analysed - eee er ee . - 7+ (7) 
Chlorine - - - - r 3 - - - - (410 to 7-46) 6°43 (4) 
Solids by centrifuge (vols.) - - - - - - (trace to under 25:0) 12:0 ap. (7) 
c.c. per litre - - - - - - - . - - - — — 
Oxygen in solution when analysed . - - (0-0 to 2-2 ap.) - 10 (7) 








As was to be expected, these chance samples showed greater differences in com- 
position than the hourly sets. In appearance they were bright and clear, or slightly 
opalescent, and either colourless or with a very slight brownish tint. Like the hourly 
samples they contained very little suspended matter, so little, in fact, that it was 
only estimated approximately by the centrifuge; it would average something like 
1 part per 100,000. While the average figures of analysis are not very different 
from the figures given by the hourly samples, the chance samples were relatively 
more nitrated, containing nearly half of their nitrogen in the oxidized form. With 
one exception at the time of drawing, they all had a clean smell, both when drawn 
and when analysed, and all withstood incubation, while, out of six samples tested 
for absorption of dissolved oxygen, only one (No. 3570) took up any appreciable 
amount in 24 hours ; this last effiuent came from a precipitation liquor containing some gas 
refuse. There can, therefore, be no doubt as to the consistently good quality of the 
efduents from the small coke bed at Kingston, when worked at the rate of 4 fillings of 
precipitation liquor per day of 12 hours. 


Compared with the chance samples of precipitation liquor (a very approximate com- 
parison), they show the following reduction in figures :— 























Number of Estimations. 
Calculated on :— Reduction. digheogy 

Preottion mnt 
Ammoniacal Nitrogen - - : - - - - 57 per cent. (10) (6) 
Albuminoid Nitrogen Memorictey estos, le} (hae 63, (8) (5) 
‘Oxygen absorbed ” at once eae - - - : 68 : (18) (6) 
“Oxygen absorbed” in 4hours - -— - . - : 78 m (19) (6) 
Dissolved Oxygen taken up from water in 24 hours. - - | Over 90 ,, (13) (6) 
Solids in suspension - - - - - - - | About 50 ,, — — 

probably. 
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Clinker Bed Effluents (Chance Samples).—Only one ordinary chance sample of effluent 
from the small A.B.C. clinker bed was drawn up to December, 1904, ¢.¢., up to the time 
when the ordinary chance samples of coke bed effluent were concluded. This sample, 
however, No. 3571, was strictly comparable with the coke bed effluent, N o. 8570, drawn 
at the same time, on Monday, Nov. 28th, 1904, during a cold thaw, after several cold 
days with frost at night. The following are the respective figures of analysis :— 














No. 3570 No. 3571 
Paris per 100,000. | A.B.C. Coke Bed A:B.C. Bed 
Effluent. Filter Effluent. 
Ammoniacal Nitrogen - — - : - eg - - 2°81 3°56 
Albuminoid Nitrogen - - - - - - - - 0°15 0°36 
Total Organic Nitrogen - - - - - - - 4 1:16 
Nitric Nitrogen (including traces of Nitrous Nitrogen) - — - 1:45 0-19 
Total Nitrogen) < \--° <)>) 5 => 4°34 4°88 
“Oxygen absorbed” at 27° C. (8° F.) at once - - - 2 ee 0°38 0-96 
% 5 * “ in 4hours - - - 1:54 9:29 
ee rede taken up from water in 24 hours at about - 0°57 ap.t 1:29 
1 : 
Incubator Test (Scudder) - - - - - - - + 
a »» (by smell) - - - : & E des 1 
Smell when drawn - - - - - - - = aa = 
Smell when analysed - - - - - - - = ae q 
Chlorine 24 oe os - > DEER Sed NN) > oped tee - 720 6:90 
Solids by Centrifuge (vols.)  - - - - - - - Trace 2-5 
c.c. per litre : 
Oxygen in Solution, when analysed - - - - - 11 11 








Both of these samples were practically free from matter in suspension, but while the 
coke bed effluent was of fair quality, that from the clinker contained hardly any nitrate 
and failed to withstand incubation. We understand that the regular analyses made for 
the Native Guano Company by Mr. Lloyd have shown the coke bed effluent to be con- 
sistently better than that from the clinker. 


EXPERIMENT A. 


Experimental Samples of Coke and Clinker Ejluents.—After having obtained sufficient 
data with regard to the ordinary working of tlhe coke bed, at the usual rate of 3 fillings 
of precipitation liquor per day, the Authorities met the wish of the Commission to 
increase the number of fillings on both coke and clinker beds to 6 per day; this 
increased rate began, on November 29th, 1904, and it was continued until February 
21st, 1906. During this period of 15 months, fourteen strictly comparative samples of 
effluent were drawn from the two beds, z.e., seven from each, all at mid-flow. Ten of them 
were drawn in dry, and four in wet weather,—all excepting two in the cooler months of 
the year. Four were taken about 12.30 noon, and the remainder between 4 and 5 p.m, 


The following are the average results obtained from these samples, the figures in 
brackets indicating the number of estimations in each case :-— 








* For a part of the time the temperature of the incubator fell as low as 12° C. 
7 1:17 parts takon up in 48 hours. 


J 
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Parts per 100,00). Coke Bed Effluent, Clinker Bei Efflae it. 

7 | 
Ammoniacal Nitrogen” - - . - ° - | (148 to 4:01) 2°43 (7) (2°4) to 3°71) 3:10 (7) 
Albuminoid Nitrogen - <n - - - | (0:08 to 0.31 (%))10°21 (6) (0-14 to 0°32) 10:22 (6) 
Total Organic Nitrogen - . - - - - | (0°22 and 0:27) 0°25 (2) (0:27 to 0-46) 0°37 (4) 
{ Oxidized Nitrogen - - ° - - - -| (00 to1:03) 0-43 (7) | (000034) 0-14 (7) 
| Containing Nitrous Nitrogen - alka -| (00 to001) Trace (7) (0:0 to 0:03) 0:01 (7) 
Total Nitrogen- - os - - - - - | (2°70 to 3:13) 2°89 (4) (3:10 to 4:19) 3°74 (4) 
“Oxygen absorbed” at 27° C. (80° F.) at once - = - | (015 to 0°81) 0-37 (7) (0:20 to 111) 0°55 (7) 
Sag the » » »  ‘tmAhours -| (0-95 to2-74) 1:39 (7) | (1:19 to 2-70) 1:84 (7) 

Dissolved Oxygen taken up from water in 24 hours: 

at about 18°C - : - - - -_| (0°06 to 2:04) *0°56 (7) |(0.29t02-17+ x) 10:32 ap (7) 

Incubator Test (Scudder)- - - - - - 4+-1 - (5) 2+ (2) 
Incubator Test (by smell)- - - - é - 5-+2 - (7) 1+-6 - (7) 
Smell when drawn - | - - - : 3 4 7+ (7) 7-20 (7) 
Smell when analysed - - - - - : 7+ (7) 6-+1 (1) (7) 
Chlorine - - - - - - - - - | (6:32 to 7:80) 6°72 (6) (5-45 to 7:05) 6:24 (4) 
Solids by Centrifuge (vols.) — - - - : - | (836 t02)0) 97 (6) (2°5 to 38:0) 146 (6) 


’ Nearly all the above effluents had the usual good appearance of the ordinary ones from 
Kingston, and they were on the whole very free from matter in suspension. Those from 
the coke bed had a clean smell, both when drawn and when analysed, and, excepting in 
one case at the time of analysis, the same may be said with regard to the clinker effluents. 
On comparing, however, the above two sets of average figures with those of the hourly and 
ordinary chance samples of coke bed effluent, it will be seen that in both cases nitration 
had fallen off very much—indeed, there was scarcely any nitrate in the clinker bed 
effluents. Five out of seven of the coke bed effluents, however, were able to withstand in- 
cubation, but only one out of seven of the clinker. With regard to absorption of dissolved 
oxygen, one. of the coke effluents gave a very high figure, two of them gave a figure which 
was somewhat high, and four gave a low figure; while four of the clinker effluents had a 


high figure and three a low one. 


Taking the results all over, it was evident that the purifying capacity of the clinker 
bed was overtaxed with six fillings of precipitation liquor per day (378 gallons per 
cube yard per day), but the results given by the coke bed with six fillings (246 gallons 
per cube pard per day), while not consistently good, were sufficiently encouraging to allow 
of a further experimental increase to eight fillings, the clinker bed being put back to four 
fillings. 


It is‘worthy of note-that the two last samples in each case during the experiment with 
six fillings a day, which were drawn in November and January, show a distinct improve- 
ment on the preceding one, drawn in October; this may not improbably have been‘due 
to the fact that in winter the liquor treated on sewage filters, generally, is less concentrated 
than during the warmer months of the year. 


Although the figures obtained in the above experiment are not to be taken as typical 
of the working at Kingston, it may be of interest to contrast them with those from 
corresponding samples of precipitation liquor, drawn at the same times as the effluents, 
The comparison is not strictly correct, as there was no sample of precipitation liquor 
drawn to correspond with the second pair of the effluent samples, and a later sample of 


* Excluding one sample, with the very high figure of 2:04, the average for the other six samples was 
only 0°31. 
. :, J. Excluding one sample, which took up more than 2°17 parts, the average for the other six was 0°72. 

{ These figures may possibly be a little too high. : 


6225.—App. IIL. 2U 2 


340 


liquor, drawn in March, 1906, has been added ; practically speaking, however, it may be — 
taken as right :— 














Calculated on :— Cole Bed Effluents. Clinker ‘ ed Effluents. 

*Total Nitrogen - - .-  -  - - 40 per cent. reduction. 34 per cent. reduction. 
Ammoniacal Nitrogen - : : . - 39 is 10 ‘ss 2 
Albuminoid Nitrogen- - - - - - 49 ; eellys | 46 “< 1 
“Oxygen absorbed” af once - hs ne 60_—SCé=—>, % Yai “ 
2 in 4 hours - - - : 71 £3 = 61 “ +i 
Dissolved Oxygen taken up from water in 24 hours i 87 Me mn 78 = a 

. x es excluding | 

one effluent sample in each case - - - | 93 = s 83 as 








EXPERIMENT B. 


Experimental Samples of Coke and Clinker Effluents, with the Coke Bed receiving 8 
Jillings, and the Clinker Bed 4 fillings of precipitation liquor per day.—This further change 
in the rates of treatment on the two beds was made on March 8th, 1906. Between 
that date and October 29th, 1906, six samples of precipitation liquor, six of coke 
bed effluent, and five of clinker bed effluent were examined, the samples being taken 
in July, September and October. 


The samples of prec'pitation liquor gave the following results on analysis :— 


Number of 














Parts per 100,000. | Average. eatiiaatson 

Ammoniacal Nitrogen - - - - - - (1°75 to 2:95) 2°62 (5) 
Albumitioid Nitrogen, “= °°) SSP aes eee era is 0-41) 0:33 (5) 
Total Organic Nitrogen > - - ~- - «+ (0°55 to 1:27) 0:81 (5) 
{ Oxidized Nitrogen ot Kinch adieas - + (0°00 to 0°60) 0-30 (5) 
\Containing Nitrous Nitrogen - =- == ~~ (0:00 to 0-08) | 0-03 pee) 
Total Nitrogen - = = = os = (2:89 to 4-69) 351 — 6) 
“Oxygen absorbed ” at 27° ©. (80° F.) at once - (044 to 1°48) | 0°74 (6) 

af i i 5 » infhours - (2:34to 508) | 3°63 (6) 
Chlorine ee ee eee ear Oo) ae 5:43 (3) 
Solids insuspension - - - + - = (10 to 26) 1:80 (6) 
Solids by centrifuge (vols.) - -  - - - (Trace to 20-0) | ,8 20 (6) 
Ratio of solids in suspension to centrifuge so'ids - 1:1:8to1:10-0 1:53 (5) 








In appearance these samples of precipitation liquor were similar to previous ones. 





* Only four estimations of total Nitrogen were made in the effluents, The other figures are all based on 
$iX or seven estimations. 
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~The corresponding coke and clinker bed effluents gave the following figures «— 








Coke Bed Effluent. | Clinker Bed Effuents. 














Parts per 100,000. | piace 

: Na aay aden 
Ammoniacal Nitrogen - -«- -- | (08940366) 214 | (6) | (109 to297) 199 |- (5) 
Albuminoid Nitrogen ~ - - -| (0100016) 012 | (6) | (009 t0017) O14 | (5) 
Total Organic Nitrogen- - - - | (020 t0.037) 026 | (5) | (022t00€5) 036 | (5) 
Oxidized Nitrogen - - -  -| (000t00-75) 026 | (6) | (0000050) O21 | (5) 
oe Nitrous Nitrogen -  - | (000 to.001) 000 | (6) | (0:00 +0003) O01 | 6) 
Total Nitrogen - - - - -| (157 t03-47) 255 | (6) | (181 t0344) 258 | 6) 


“ Oxygen absorbed ” at 27° C. at once - | (0:19 to 0:38) 0°30 (6) (0°16 to 0°61) 0°35 (5) 
ms * » m4 hours | (055 to120) 090 (6) (0°71 to 175) 1:28 (5) 


Dissolved Oxygen taken up from water 











in 24 hours at about 18° C. :  -| (0°13 to 0-43) 024 (4) || (0°31 to 0-64) 0°48 (2) 
Dissolved Oxygen taken up from water | 

m § days at about 18°C. - - - | (042to131) 087 (2) (0-80 to 176) 1:34 (3) 
Tabubator Tesy (Scudder) °- 2 B+ (5) 24+2— (4) 
Incubator Test (by smell) — - - - §+1(?) (6) | 3+2— (5) 
Smell ean cn ar ee 6 + (6) 4+ 1(%) (5) 
Smell when analysed - - - - 6 + (6) 4+ 1(%) (5) 
Chlorine - - - - - ~~ -| (484 to 6°75) 6-07 (5) (4:30 to 6:91) 587 | (5) 
Solids by Centrifuge (vols) - - -| (36 to1576)576 | (6) || (84 to 304) 162 | (65) 





All the above effluents were brownish in tint and slightly opalescent, and nearly all 
of them had a distinct fishy odour, the odour of the clinker effluents being generally 
the stronger. The solids in suspension were only estimated in two sets of samples, 
the highest figure obtained being 3°0 per 100,000; these solids were light brown in 
colour and usually very flocculent. 


It will be seen from the figures of analysis that neither of the effluents con- 
tained any oxidized nitrogen, to speak of. Still, the coke effluents all withstood the 
incubator test, but two out of the five clinker effluents failed. Here again, therefore, 
the coke bed effluents were rather the better. 


The 8 fillings per day on the coke bed were equivalent to 260 gallons of precipitation 
liquor per cube yard per day, while the 4 fillings on the clinker bed were equivalent to 
214 gallons per cube yard per day. 


It should be added that during this experiment the capacity of the coke bed was reduced 
from 955 gallons on March 7th to 630 gallons on October 9th, 1906, this 630 gallons 
being equivalent to 15 per cent. of the original empty tank capacity, or 30 per cent. of 
the assumed original water capacity. The capacity of the clinker bed remained practic- 
ally constant with the 4 fillmgs per day. On March 7th, 1906, it was 1,308 gallons, 
and on October 9th it was 1,300 gallons. ‘This 1,300 gallons is equivalent to 31°5 


per cent. of the original empty tank capacity, or 68 per cent. of the measured original 
water capacity. 
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The general results of experiment B may. be summed up shortly as follows :— * 
Coke Bed. Clinker Bed. 
SS Sar ae ie 
Rate of filtration per cube yard for 24 hours . : 260 gallons. ° 214 gallons. 
: 2 
Reduction in bed capacity during the experiment-  - From 955 to 630 No reduction 
‘ gallons. (capacity pra+tically 
constant at 1,300 
gallons). 
Quality of effluent-  - i eee, RR The effluent from the coke bed was : 


rather the better. 


a 


Contrasting this experiment (B) with the preceding one (A), the cok bedy was, 


treating :-— 
Experiment A, at 6 fillings per day - - 946 gallons per cube yard per day. 
Experiment B, at 8 fillings per day - — - 260 gallons per cube yard per day. 


The actual volumes treated per cube yard in the two experiments by the coke bed were 
thus much the same, the increased number of fillings in the last experiment being nearly 
counterbalanced by loss of capacity. 


The clinker bed was treating :— 


Experiment A, at 6 fillings per day - - . 378 gallons per cube yard per day. 
Experiment B, at 4 fillings per day - - 214 gallons per cube yard per day. 


In the last experiment, therefore, the clinker bed treated a much smaller yolume a 
Ls quor per ous yard. 


Amount of Precipttation Liquor treated onthe Experimental Contact Beds. 
(Native Guano Company's Beds.) - 


Coke Bed.—The average number of fillings given to the coke bed from May 24th, 1898, 
to February 21st, 1906 was 3:93 per day. Estimating the average capacity of the bed 
during that time to have been approximately I, 300 ee we obtain the following 
figures for the quantity of. precipitation liquor treated : 


Per square yard per 24 hours - ark - 209 gallons. 
er cube yard sae “ - - 209, 


During the second part of our ohstaanard the coke bed was warHed at.a rate of six 
fillmgs per 24 hours, and its average capacity has been estimated at approximately 
1, 000 gallons. For this period, therefore, the rates of filtration were :— 


Per square yard per 24 hours - oe ose 246 ee 

Per cube yard ‘5 - Voa OL F 21). DQAGIONSS GE 
Clinker Bed. —The ayerage number of fillings given to the clinker bed from June 94th 
1902, when it was first started, to February “Ost, 1906, was 4:1 per day. Estimating 


-the average capacity of the bed ‘during this time to have been approximately 1, 600 gallons, 
we obtain’ the following figures for the quantity of precipitation liquor treated : — 


Per square yard per 24 hours - - - 269 gallons. 
Per cube yard a - - - 2609) ae 
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During the second part of our observations, the bed received six fillings per 24 hours, 
and had an approximate average capacity of 1,500 gallons, The rates of filtration for 
this period, therefore, were :— 


Per square yard per 24 hours - - - 878 gallons. 
Per cube yard be : - - 373i, 


| THE KINGSTON-UPON-THAMES CORPORATION EXPERIMENTAL 
CONTACT BEDS, 


On July 21st, 1902, six experimental contact beds (each 50 feet by 33 feet by 3 feet 
deep), three consisting of coke and three of clinker, were brought into use by the King- 
ston-upon-Thames Corporation as a duplicate experiment, for the purpose of ascertaining 
the effect of single contact filtration of the Native Guano Company’s precipitation liquor. 
It will be noted that these beds were very much larger than the others whose working 
has just been considered. 


After working the beds at the rate of 3 fillings per day for a period of a fortnight, a six 
months’ trial at 6 fillings a day was commenced. It began on September 8th, 1902, and 
finished on March 8th, 1903, the gaugings being made by Mr. Henry Macaulay, the 
Borough Surveyor, and the analyses by Dr. H. Beale Collins, the Medical Officer of 
Health. The results of this experiment seem to have been satisfactory, and the authori- 
ties have since extended the method by constructing an installation of six large 
contact beds (each 100 feet by 100 feet by 3 feet 9 inches in depth) filled with medium 
sized pan breeze, for the purpose of treating the whole of the precipitation liquor resulting 
from the Native Guano Company’s first process. The installation is now (March, 1906) 
almost ready to begin work. 


The effluents from the coke beds are stated to have been, as a rule, slightly better 
than those from the clinker beds. 


Only three chance samples of effluent, Nos. 476, 3270, and 647, were drawn from these 
contact beds, and all of them from the coke beds. One was drawn in February, 1908, 
during the six months’ trial, and the other two in October and December, 1903, when 
the number of fillings given to the beds had been cut down to 4 per day. 


They gave the following figures on analysis :— 














Parts per 100,000. Average, Een ae 
Ammoniacal Nitrogen” - 4 2 - - - (0°51 to 2°84) 1:29 (3) 
Albuminoid Nitrogen - - - - - - (0°08 to 0°17?) 0:12 (8) 
Oxidised Nitrogen - - a var: - - (0°47 to 1-46) 1:04 (3) 
Containing Nitrous Nitrogen - - - -- (00 to 0:02) 0°01 (3) 
Total Nitrogen - - - - (3:59 and 1°87) (2) 
“Oxygen absorbed” at 27° C. (80° F.) at once - - (0°16 to 0:22) 0-18 (3) 
” ” 3 i in4hours  - (0°74 to 1:09) 0-92 (8) 
Dissolved Oxygen taken up from water in 24 hours 
at about 18° C. - + = = = (0°03 to 0°28 ap.) 0:16 ap. (3) 
Incubator test (Scudder) L - - Whe - 2+ 1 slightly — . (3) 
‘9 Meee ee ene 3+ (3) 
Smell when drawn - : P : : : : . 2 3+ (8) 
Smell when analysed - : F . - a 3 1; 24+; (3) 
Chlorine - - Ji3n4 - - : - (3°48 to 7°60) 5:09 (3) 
Solids by centrifuge (vols.) - - - -  - (7:0 to 19-0) 14°4 (3) 





c.6. per litre. 
Oxygen in solution when analysed - = = = (0-0 to 20) 1:2 (3) 
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The above effluents were opalescent and almost colourless, and, excepting for some 
small worms, they contained hardly any sediment. They all had a clean smell when 
drawn, and—with the possible exception of No. 476—when analysed ; all of them with- 
stood incubation and took up but little dissolved oxygen from water. They were, in fact, 
of the same good character as the effluents from the small coke filter of the Native Guano 


Company, already described. It is, however, to be noted that No. 476, which was 


evidently derived from rather strong precipitation liquor, and which was drawn in very— 


cold weather, was by no means equal in quality to the other two samples. These latter 
were much more dilute and were relatively very well nitrated, indeed, their figures of 


analysis, generally, were very good. 


THE CANDY SHALLOW PERCOLATING FILTER. 


A third experiment upon the purification of the Native Guano Company’s pre- 
cipitation liquor was begun on July 21st, 1902. It consisted of a Candy circular 
filter, 50 feet in diameter and 3 feet deep, constructed of small to medium clinker mixed 
with polarite, and fed by a Candy revolving sprinkler. The under-draining consisted of 
open brickwork drains covered with half round pipes, and laid 4 feet apart over the 
concrete floor of the bed. The filter was below the level of the ground, and was 
surrounded by a close-built brick wall. 


We only began observations at Kingston when this experiment was nearing its end, 
and were only able to draw two samples; but we understand that so long as the 
surface of the filter was kept free, the effluent remained uniformly non-putrescible, 
notwithstanding the large quantity of precipitation liquor treated (at the commencement 
of the experiment this was something like 700 to 900 gallons per cube yard per day). 
Three or four weeks after the filter was brought into use, however, a thick short-fibre 
growth made its appearance on the surface of the material and flourished to such an 
extent that, eventually the filter became ponded; and, although the filter continued in 
use until July, 1903, the actual experiment by Mr. Candy was discontinued at the end 
of September, 1902, chiefly owing to the fact that the level of the outlet channel did not 
allow of a free outflow for the effluent; under those circumstances it was impossible to 
secure free drainage and ventilation for the filter. In the main, therefore, this experiment 
cannot be said to have been carried out under proper conditions, and the results are, in 
consequence, inconclusive. 


It is to be regretted that the experiment was abandoned, for if some means of 


preventing the growth on the surface could bave been found,” and if the outlet channel - 


could have been lowered so as to allow of the free drainage of the filter, the probability is 
that the method would have compared favourably with the contact plan of filtration. It 
would also have afforded an opportunity of making some observations upon the important 
question of growths. Although this has often attracted attention, it still requires careful 
investigation to ascertain the conditions favourable to growths, and the methods by 
which they can be prevented. 


In regard to the growth, an exactly similar phenomenon has been observed on a very 
small percolating filter (also 3 feet deep, but consisting of coarse coke), which was 
constructed by the Native Guano Company and brought into use on March 10th, 1904. 
The same growth (apparently) made its appearance during the winter of that year, and, 
after completely covering the surface of the material so as to produce ponding, began to 
break up during the warmer weather of March, 1905. In this case the working of the 
filter was continued, with the result that the growth eventually broke up altogether, and 
only re-appeared during the winter of 1905. At the present time (March, 1906), the 
growth is again rapidly breaking up and being carried away in the effluent. 


Percolating Filter Efflwents—Only three samples of percolating filter effluent from 
Kingston were examined, viz.,: Nos. 477 and 526, from the Corporation Candy Filter, and 
No. 725, from the small experimental percolating filter of the Native Guano Company. 
No. 526 was noted as having a slight sewage smell when drawn, but they all had a clean 
smell when analysed, and all withstood incubation and took up only moderate quantities 
of dissolved oxygen from water. They were thus of fair quality. It would, however, be 





* Cf. Commission Experiments at Coleburn (6th Report) and at Dorking (5th Report, Appendix IV). 
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unwise to attempt to draw any deductions from only one or two samples, The actual 
figures obtained were :— 





Native Guano 
Corporation Candy Filter. | Company’s 
Filter. 


Ahh seem . No. 477* No. 526 No. 725 
Drawn, Mon-| Drawn, Mon- | Drawn, Mon- 
day, Feb, 2nd,| day, May 4th,!day, July 25th 











1903, 1 p.m., 1903, 1904, 2.45 
in cold dry| 7.55 p.m., | p.m., in wet 
weather. after rain. weather. 
Ammoniacal Nitrogen -_ - - oe ee a 2°72 1°73 
Albuminoid Nitrogen : - : . . . : - 0:17 0:29 
l'otal Organic Nitrogen - : - : . - - - 0:42 
Oxidised Nitrogen- —- ‘eed ; - - One 0:56 0°57 1:86 ap. 

a Sp Nitrous Nitrogen - . - - . - : 0:04 0:02 0°26 
Potal Nitrogen- fe had Tea neler tiene tae - 3°70 
‘Oxygen absorbed” at 27° C. (80° F.) ut once - ah Ve Hi 0-48 0°34 0-48 

» %9 % e in 4 hours - - 1:70 0:99 1:60 
issolved Oxygen taken up in 24 hours at about 18°C. - - 0°36 ap. 0-17 0-40 
neubator Test (Scudder) : : PIER Leda BCL TE + + 
neubator Test (by smell) : . - : . - - a 4. + 
smell when drawn - - - - : - - - - slightly — 
smell when analysed © 3 “ S : : - - + + ++ 
thlorine - -~ - clad - : : iy parte le hese 7:30 T62 
iolids in Suspension - . - - . Atte 4 2°50 
solids by Centrifuge (vols.)  - + RBs - : - : 5:2 6-0 49°6 

c.c. per litre. 

Jxygen in Solution - - - - : . - ani iees 2°3 ap. 1°75 











Absorption of Dissolved Vxygen by the Effluents from the Corporation Contact and Percolating 
‘ilters and the Candy Percolating Filter—The following figures showing the rate of absorption 
f dissolved oxygen by various of the foregoing effluents are of some interest :-— 





No. 588A 
Coke Bed Effluent. 
Solids by Centrifuge (Vols.) - -) - : - 12:0 
Incubator Test (by smell) - - - . Ne + 
“ Oxygen absorbed ” at 27° C. at once : . . - 0:28 
ean fe 4 $y in4hours - : A - - 1:11 
Dissolved Oxygen in 24 hours at 18°C. in 6 hours at 27°C. in 4 hours at 37°C. 
taken up from water - } 0:12 0:03 | 0-0 


The actual absorption here was very small. 




















No. 725. . 
Effluent from Native Guano Co’s. Percolating 
eee Filter. 
Original. Filtered thrcugh paper. 
olids in Suspension - 4 3 : 0,06. ~ 2-5 # ea 
olids by Centrifuge (Vols.) : = : ‘ - | 49:0 as 
neubator Test (by Smell)  - : } a . J a me 
Oxygen absorbed ” at 27° C. at once - 3 - = 0-48 see 
” ” ” in 4 hours > - - 1°60 = 
issolved Oxygen taken up from water in 24 hours at 
"ete c : = , 2 A 0:40 0-12 











a Tee ; 
* Drawn on the tenth day of working after the reconstruction of the filter. 
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The suspended solids of this effluent were thus-responsible for two-thirds of the whole 
quantity of dissolved oxygen taken up. 
































NG ee fh ene 709 3653 3654 3663 3666 3667 B A 
eeu from Contact Coke. Coke. Clinker. Coke. Coke. | Clinker. | Coke. | Clinker. 
e = = = 
Solids by Centrifuge(Vols.)} 23°0 50 97 12:2 9:0 38:0 84 9:0 
Incubator Test (by smell) + a4 = aE. a + EP = 
“Oxygen absorbed ” 
at 27° C. ut once - 0-40 0:30 0:59 0:29 0:15 0°35 0:25 0:38 

“ Oxygen absorbed ” 

nae 27° C. in 4 hours - 1:04 1:05 2°15 1:42 0-96 132 | 0°99 1:45 


Dissolved oxygen taken D 
up from water in one to a, 
five days at about 18°C. | -22 


ays * Days Days. Days. Days. | Days. | Days. | Days. 
2 4 15 (4 er ek 1 5 1 5 1. D.se) seen 


4 88 | 06 74 | 1:01 230 | 58 ‘76 | 13 44 |-29 108| “21 86 | -43 148 














All the above effluents, excepting No. 700, were experimental effluents, drawn when 
the beds were each treating 6 fillings of precipitation liquor per day. On looking at 
their figures of analysis, it will be seen that, in nearly every case, absorption of dissolved 
oxygen by the effluent went on somewhat more rapidly during the first day than during 
the succeeding ones (counting, as the first day, the one following the day ofsampling). It 
will be noted that Effluent ‘ A,” though it did not give at all an excessive figure for dis- 
solved oxygen absorption, failed to withstand incubation, (it only contained, however, 0°13 
part of nitric nitrogen). 

Bacteriological Notes (all filter efluents).—F¥ifteen samples of coke bed and seven samples. 
of clinker bed effluent were examined bacteriologically. The results varied considerably, 
and no striking or uniform distinction between the coke and clinker effluents could 
be established. Taking all the results together, about one half the samples. yielded 
negative results with the B. coli test and presumptive tests for B. coli with zo}gq cc. 
As regards the B. enteritidis sporogenes test, no less’ than 14 out of 22 samples 
yielded negative results with 7 ¢c.c., and 4 of the 14 samples contained no spores 
of this anterobe even in lc.c. The effluents were thus usually satisfactory and 
above the average for contact bed processes of sewage treatment. 


A few samples of Corporation coke bed and Candy filter effluent were also examined 
bacteriologically. The results likewise were good. 


BS. =Bile Salt Glucose 
Peptone Test. 


Number of B. Coli} N.R.=Neutral Red 


Description of the B. Enteritidis 








4 (or Gas-forming Broth Test. ; Remarks. 
pes Coli-like Micrabes).| - Ime-Tndol Test, ©) /) PRCe gs aeaame 
L.P.M.=Lactose Pep- 
tone Milk Test. 

528. Kingston A.B.C. _- 100 not 1,000 N.R. 1 not 10 
coke effluent. 7/5/03. 

590. Kingston A.B.C. — 10,000 not 100,000 N.R. 10 not 100 
coke effluent. 21/7/03. 

593. Kingston A.B.C. -- 10,000 not 100,000 N.k. Less than 1 
coke effluent. 22/7/03. 

597. Kingston A.B.C. — 100,000 N.R. 1 not 10 
coke effluent. 23/7/03. 

599. Kingston A.B.C. -~ 100,000 N.R. 10 not 100 
coke effluent. 23/7/03. : 

617. Kingston A.B.C. 100,000 100,000 N.R. 10 not 100 
coke effluent. 7/10/03. (— indol) 

(— clot ) 

3271. Kingston A.B.C. | 1,000 not 10,000 | 1,000 not 10,000 N.R. | —- 1: not 10 

coke effluent. 26/10/03. (+ indol) 
(+ clot ) 





* Each day as nearly as possible 24 hours. 
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Description of the 
Samples. 


coke effluent. 31/5/04. 


3570. Kingston A.B.C. 
coke effluent. 28/11/04. 


A.B.C. 
3/1/05. 


776. Kingston 
coke effluent. 


781. Kingston A.B.C. 
coke effluent. 1/2/05. 


3650. Kingston A.B.C. 
coke effluent. 17/8/05. 


3663. Kingston A.B.C. 
coke effluent. 17/10/05. 


3666. Kingston A.B.C. 
coke effluent. 13/11/05. 


B. Kingston A.B.C. coke 
effluent. 31/1/06. 


3571. Kingston A.B.C. 
‘clinker efiluent. 


28/11/04. 


777. Kingston A.B.C. 


clinker effluent. 


3/1/05. 


782. Kingston A.B.C. 
clinker effluent. 


1/2/05. 


3651. Kingston A.B.C. 
clinker effluent, 


17/8/05. 


3664. Kingston A.B.C. 
clinker effluent. 


17/10/08. 


3667. Kingston A.B.C. 
clinker effluent. 


13/11/08. 


{A.) Kingston A.B.C. 
clinker effluent. 
31/1/06. 
476. Kingston  Cor- 
eset coke effluent. 
2/2/03. 


3270. Kingston — Cor- 
poration coke effluent. 


26/10/03. 
647. Kingston  Cor- 
poration coke effluent. 
10/12/03. 


477. Kingston Candy per- 
colating filter effluent. 
2/2/03. 


Goli-like Mitrobes).|°- Tnevtrdiol Tost. 194] Sporogenes Lest. 
L.P.M. =Lactose Peptone 
Milk Test. 
700. Kingston A.B.C. | 10,000 not 100,600} 10,000 not 100,000 B.S. 1 not 10 
— indol) 10,000 not 100,000 N.R. 
(+ clot ) 
1,000 not 10,000 | 10,000 not 100,000 B.S. 10 not 100 
(+- indol) 10,000 not 100,000 N.R. 
(+ clot ) 
100 not 1,000 100 not 1,000 B.S. 10 not 100 
(+ indol) 1,000 not 10,000 N.R. 
(+ clot ) 
1,000 not 10,000 | 1,000 not 10,000 B.S. 1 not 10 
(+ indol) 1,000 not 10,000 N.R. 
(+ clot ) 
— 10,000 not 100,000 B.S. 10 not 100 
10,000 not 100,000 N.R: 
— 1,000 not 10,000 B.S. 1 not 10 
1,000 not 10,000 B.S. 
~~ 1,000 not 10,000 B.S. 1 not 10 
1,000 not 10,000 N.R. 
— 1,000 not 10,000 B.S. Negative 1 c.c. 
10,000 not 100,000 N.R. 
1,000 not 10,000 | 10,000 not 100,000 B.S. 1 not 10 
( - indol) 10,000 not 100,000 N.R. 
(+ clot ) 
10 not 100 10 not 100 B.S. Negative 1 c.c. 
(- indol) 100 not 1,000 N.R. 
(- clot ) 
1,000 not 10,000 | 1,000 not 10,000 B.S. 10 not 100 
(++ indol) 1,000 not 10,000 N.R. 
(+ clot ) 
— 10,000 not 100,000 B.S. 1 not 10 
10,000 not 100,000 N.R. 
— 10,000 not 100,000 B.S 10 not 100 
10,000 not 100,000 N.R 
= 1,000 not 10,000 B.S 1 not 10 
1,000 not 10,000 N.R 
— 1,000 not 10,000 B.S Negative 1 c.c. 
| 1,000 not 10,000 N.R 
10,000 not 100,000; 1,000 not 10,000 B.S. 1 not 10 
(++ indol) 1,000 not 10,000 N.R. 
(+ elot ) 10,000 not 100,000 In. 
10,000 not 100,000 
L.P.M. 
100 not 1,000 100 not 1,000 N.R. 10 not 100 
(— indol) 
(+ clot ) 
1,000 not 10,000 | 1,000 not 10,000 N.R. 10 not 100 
(+. indol) 
(+ clot ) 
100 not 1,000 1,000 not 10,000 B.S. 1 not 10 
(+ indol) 100 not 1,000 N.R. 
(+ clot ) 100 not 1,000 In. 
100 not 1,000 L.P.M. 
— 1,000 not 10,000 N.R. 1 not 10 


526. Kingston Candy per- 


colating filter effluent. 


4/5/03. 





Number of B. Coli 
(or Gas-forming 


| B.S. =Bile Salt Glucose 


Peptone Test. 
N.R.=Neutral Red 
Broth Test. 











6225. 


B. Enteritidis 











Remarks. 


“Gas” test-1c.c. : 
‘1 c.c. Gelatine 
(24 hours at 20°C). 
Number of bacteria 
(Gelatine at 20°C.) 
270,000 per c.c. 


‘‘Gas” test negative 
1 c.c. Gelatine (24 
hours at 20 °C). 
Number of bacteria 
Gelatine at 20°C.) 
1,600,000 per c.c. 


2x2 
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SUMMARY. 


The sewage treated at the Kingston works is mainly domestic, but it contains 
the waste liquors from two breweries, a tannery, a mineral water manufactory and a large 
gas-works. Notwithstanding that a large quantity of subsoil water gains access to the 
sewers, the dry-weather sewage may be regarded as of almost average organic strength, 
the reason probably being that the strong sewages, which (presumably) result 
from the separate systems at Surbiton and Hampton Wick, compensate for the surface 
and subsoil water in the Kingston sewers. Owing to the pumping of all three 
sewages, both the day and the night flows are of an even character, the rate of flow during 
the day being about twice that at night. Further, owing to the ejector system in use at 
Hampton Wick, the sewage from that place apparently takes a considerable time to arrive at 
the Kingston works, with the result that the combined sewage as a whole remains of 
comparatively even strength throughout the 24 hours.“ This must have a favourable 
influence on the precipitation process, by conducing to uniformity of working. 


Not more than twice the dry-weather flow of sewage is ever treated at the works, any 
excess over this discharging into the Thames. | 


There is no grit settlement, the grit being brought down with the other solids in the 
precipitation process, with evident benefit to the process. 


The precipitation tanks are worked in series of two or three tanks each, the sewage 
receiving continuous-flow settlement in them for about 6$ hours, on the average. The 
dividing wall in each tank lengthens by about 50 per cent. the distance which the liquid 
has to travel, but the rate of flow is of course proportionately quickened. An exceptionally 
large quantity (about 50 grains per gallon) of mixed precipitants are used in the process, 
the precipitation effected being uniformly excellent ; this result is no doubt due both to the 
large amount and to the nature of the precipitants employed. The suspended solids left 
in the precipitation liquor do not exceed 1 to 2 parts per 100,000, as against 31 parts 
in the hourly samples of sewage examined, and the liquor therefore shows a striking 
reduction in total organic impurity, when compared with the original sewage. _ Bacterio- 
logically, some of the samples examined were very good for a precipitation liquor, but the 
number of bacteria usually present was actually large. 


About 20,000 tons per annum of wet sludge (estimated to contain about 90 per cent. of 
moisture) are produced from an average of about 930,000,000 gallons of sewage, 
or 21°5 tons per 1,000,000 gallons. This sludge is pressed, broken up, and dried until the 
moisture is reduced to about 25 per cent., when it is passed through a revolving screen, 
the resulting fine powder being sold for manure under the name of Native Guano. ~ 


The chemical analyses of a sample of this sludge showed it to contain 26 per cent. of 
moisture, 1°93 per cent. of nitrogen, and 1°74 per cent. of phosphoric acid (equivalent 
to 38 per cent. of tribasic phosphate of lime); judged by its chemical analysis, there- 
fore, the manurial value of this sludge is not high. + Bacteriologically, the sludge was 
rich in microbial life, but it is probable that the bacteria were present as spores. . The 
fact that no B. coli were found in as much as one gramme of the sludge, and that the 
presence of nitroso-bacteria could not be demonstrated, makes it unlikely that the 
agricultural value of this manure is to be attributed to the activity of its bacteria. On 
the other hand, it is conceivable that the presence of multiple spores of bacteria may 
assist the rapid decomposition of the sludge and of other organic matter in the surround- 
ing soil, and help in this way to set free substances suitable for plant life. Dr. 
Somerville, formerly of the Board of Agriculture, has presented to the Commission a 
t report which gives the results of several series of field experiments on the manurial 
values of this and other sludges, when applied to crops of mangolds and swedes. 


The two contact beds at Kingston which have been under observation for the Com- 
mission are only small experimental ones ; they are constructed respectively of coke and 
clinker, the filtering material being in both cases of small to medium size. As experi- 
mental filters, these have treated precipitation liquor at very varying rates, but from July, 
1902, to November 10th, 1904, the coke bed received 3 fillings per day of 12 hours,§ 
and yielded effluents of consistently good quality from a chemical point of view, while 
bacteriologically they were above the average in microbial quality for contact bed pro- 
cesses of sewage treatment. There were scarcely any ordinary samples of clinker bed 
effluent examined, and we are, therefore, unable to express a definite opinion upon these. 





* Althoug 1 we ourselves only examined one sample of night sewage (which was very strong for a night 
sample), our ooservations at the works bear out the above statement. 

+ A second sample of this sludge which was only examined chemically, gave 10:19% of moisture, 249% 
nitrogen, and 2°35% phosphoric acid. 

{ See Appendix VIIL. to Fifth Report of Commission. 

1 Note.—Four fillings per day from November 10th to 29th, 1904. 
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The coke bed was started in May, 1898, and the clinker bed in June, 1902. From 
May, 1898, to November, 1904, z¢., during a period of 6} years, the coke bed 
treated an average of 3:52 fillings of precipitation liquor per day, and was once partially 
renewed (March, 1901). Its capacity at the end was found to be 288 per cent. of 
the original empty tank capacity. During the 24 years from June, 1902, to 
November, 1904, the clinker bed treated precipitation liquor at an average rate of 3'2 
fillings per day of 12 hours, its capacity at the end of the time being about 40°9 per 
cent. of the original empty tank capacity, and about 88 per cent. of the original water 
capacity. This comparatively slow rate of reduction of capacity in both beds is sufficient 
in itself to prove that the precipitation liquor treated must have been unusually well 
clarified, both from ordinary suspended and from colloidal solids. 


With regard to the later (experimental) samples,—(A)—From November 10th, 1904, to 
February 21st, 1906, 2.¢., for fully 15 months, both beds received precipitation liquor 
at the rate of 6 fillings per 24 hours, the capacity of the coke bed falling from 
23°3 per cent. to 198 per cent. of the original empty tank capacity, while the 
capacity of the clinker bed was reduced from 409 to 82°6 per cent. During this period 
of 15 months the coke bed treated precipitation liquor at the rate of 246 gallons per 
cube yard per 24 hours, and the clinker bed 373 gallons. The experimental 
effluents from both beds had, on the whole, the usual good appearance of the ordinary 
effluents from Kingston, but the general results of analysis showed that the purifying 
capacity of the clinker bed was overtaxed by the very large volume of precipitation 
liquor treated. The effluents from the coke bed, while not consistently good, were 
sufficiently so to allow of a further experimental increase to 8 fillings per day, the 
clinker bed being put back to 4 fillings. 


During this second experiment (B), which extended over nearly eight months, the 
capacity of the coke bed fell from 955 to 630 gallons, the latter figure being equivalent 
to 15 per cent. of the original empty tank capacity. The capacity of the clinker bed 
remained practically constant at 1,300 gallons, which is equivalent to 31°5 per cent. of 
the original empty tank capacity. During this period the coke bed treated precipitation 
liquor at the average rate of 260 gallons per cube yard, per day, and the clinker bed 
214 gallons. The coke bed effluents were again rather the better of the two. 


These experimental results, taken in conjunction with the observations on the beds 
when they were treating 3 fillings of precipitation liquor per day of 12 hours, bear out 
the point that the volume of sewage liquid which can be treated on a contact bed 
depends to a very large extent upon the efficiency of the preliminary treatment for 
the removal of suspended solids; and they show that in the case of a precipitation 
liquor of the strength of that at Kingston, about 159 to 200 gallons can be treated per 
cube yard per day, without rapid loss of capacity. Still, however well clarified 
a precipitation liquor may be, it must always contain a small quantity of suspended 
and probably also of colloidal solids; hence the filter beds must undergo loss of 
capacity—in other words, their economic life cannot be prolonged indefinitely, unless 
the surface material is sufficiently fine to prevent ingress. of suspended solids into the 
body of the bed. From the data obtained in the working of the coke bed at Kingston 
during the 3 years and 8 months from March 1901, to November 1904, at an average rate 
of 3°72 fillings per day, the bel had by no means reached its economic limit on the latter 
date. At a low estimate, it would probably have lasted for a further period of 5 years, 
at the same rate of working, before the filtering material had to be washed or renewed. 


Owing to the different quantities of liquor which have been treated on the coke and 
clinker beds, and to the slightly different sizes of the material composing them, we are 
unable to draw any exact deduction with regard to the comparative purifying powers 
of the coke and clinker. We think, however, that, had the two beds been working 
under precisely similar conditions, the clinker bed effluent would probably have been as 
good, or nearly as good, as that from the coke bed. 


Excepting at the main inlet channel, where the sewage is stirred by the recording 
water wheels and where some slight local smell is noticeable, the precipitation process at 
Kingston is carried on with little or no smell. In the vicinity of the storehouse for 
the Native Guano, however, there is often a characteristic odour of the dried sludge, which 
might be objected to by houses in the immediate neighbourhood. 


For much help in connection with our work at Kingston we should like to express 
our thanks to Mr. Douglas Archibald; Mr. J. Stevens, Manager of the Sewage 
Works ; Mr. Lloyd, Chemist to the Works; Mr. W. Stevens, Secretary to the Native 
Guano Company; Major Henry Macaulay, Borough Surveyor of Kingston; and 
De. Beale Collins, Medical Officer of Heaith. 


KNOWLE SEWAGE WORKS. 


(Bristo. Crry Corporation.) 


joo 


2. Method of treatment és - : : 


3. Population draining to works during observation 


4, Water supply in ga'lons per head and whence 
obtained ‘ : r ; ‘ a ele 


5. Number of water-closets. - 3 : : < 
6. Sewerage system - - - : é Z 


7. Average dry-weather flow of sewage in gallons 
per 24 hours” - - - 2 f g 


8. Gallons of sewage per head per day - . t 
%. Character of the sewage - ; 7 5 


10. Period of observations - 2 5 é : 


11. Age of filters - 2 d 


12. Amount of storm water dealt with 


13. Total capacity of tanksin gallons __ - . : 


14. Total area of filters in yards super 


15. Total cubic content of filters in yards cube 


16. Nature of filtering medium - : 


17. Gallons of septic tank liquor treated per yard 


super, per 24 hours (all filters included) © - 


18. Gallons of septic tank liquor treated per yard 


cube, per 24 hours (all filters included) : 


19. The final effluent is discharged into - - 


. Situation of works - s : : e E 


At Knowle.—2} miles from the 
centre of Bristol. 


Closed septic tank, followed by 
percolation through rather 
coarse material (Stoddart’s 
distributors used). 


1,600. 


22 gallons; from the Bristol 
supply—a rather hard water. 


Partially separate. 


41,000. 
25°6 
A domestic water-closet sewage. 


November, 1902, to December, 
1904. 


2 years and 3 months. 


A volume up to about 6 times 
the dry-weather flow. 


26,000 
29.3 
58.6 
- Coarse, washed _ destructor 
clinker. 


1,400 to 8,000. 


688 to 4,000. 


The Brislington Brook, a tribu- 
tary of the River Avon. 
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FLOW OF SEWAGE. 

The flow of sewage was gauged over a period of seven days, in May, 1903.** 

Some rain fell on the day previous to the flow measurement, but the ground 
was quite dry at the time, and its effect upon the sewage flow was not felt after the first 
day, and only very slightly upon that day. For the rest of the week the weather was dry 
and hot. 


The flows recorded were as follows :— 


Monday, May 18th ... Hd aft ... 48,215 gallons per 24 hours, 
Tuesday, eel Oth 4s... ae Aa ... 44650 ,, 2 i 
Wednesday, ,, 20th ... rae aes a Al (4532S ” 99 
aeorsday.  ,,. Gist... ae Ve ... 939,525 Fs : . 
Friday, maneeronds Re - te) SSOLOR 43; » %3 
Saturday. , Jord ... i a ... 39,045 __,, ” 3 
Sunday, eA ULly. 4 ae Ae etgU LO? tens 5 0» 


The weather at the time of our gaugings being dry, we had no opportunity of measuring 
the wet weather flow over a definite period, but we have made rough measurements of the 
flow on the occasions of our visits to the works in wet weather, and have consequently 
been able to form an opinion as to the rate of flow at such times. 


Our observations have led us to the following estimates of the sewage flow at Knowle. 


Gallons per 24 hours. 


Dry weather flow to works - . - - - . - 41,000 
Highest rate of flow in dry weather’ - : - - - - 63,500 
Lowest rate of flow in dry weather - ; - - - 20,700 
Highest rate of flow in wet weather ; : : : - 200,000-250,000 


Subsoil Water.—A fair quantity of subsoil water appears to gain access to the sewers. 


Crude Sewage.—The following samples were examined :—Three sets of hourly 

samples, Nos. 529, 532 and 535: two ordinary chance samples, Nos. 3120 and 3142 ; 
and one sample of weak night sewage, No. 538. The hourly samples were taken 
over the usual three days, in May, 1903, in dry weather, following a very wet day, the. 
weak night sewage being drawn during the third day. 





The Hourly samples gave the figures :— 

















Parts per 100,000. Average. et 

Ammoniacal Nitrogen - - - : - - - - (3°10 to 5-40) 4:02 (3) 
Albuminoid Nitrogen - = : - - - (0-61 to 0°78) 0-71 (3) 
Total Organic Nitrogen - z - - : - = (1°54 to 1:93) 1°70 (3) 
Bae eTI a! OP = i ot Ss Che Ss ey | (4:64 to, 7-33) 5:72 (3) 
« Oxygen absorbed ” from Permanganate at 27°C. (80°F.) at once (1°63 to 1:99) 1:86 (3) 

. r - : » m4 hours (750 to 8-42) 8:07 (3) 
Chiorine -~ - ath Pah heals = ae (690 to 8°60) 767 (3) 
Solids in Suspension - - . : - . - - (17°5 to 21:2) 19°40 (3) 
Solids by Centrifuge (vols.)- - - - - -  - (137 to 202) | 176 (3) 
Ratic of Solids in Suspension to Centrifuge Solids - - 1:10°3, 89 and 78 1 = 9:0 (3) 








* Owing to the local conditions, this has been a gauging of the effluent and not of the sewage. 


352 


A partial Analysis of the Weak Night Sewage, No. 538, drawn on Thursday, May 
Jist, 1903, at 3.30 a m. gave :— 





Parts per 100,000. 











Nitrous Nitrogen £ : : ; 0-05 
Nitric Nitrogen : : : - ; ; : : ; 20 approx. 
“Oxygen absorbed ” at 27° C. (80° F.) wt once - — - - - - : . : 0:17 

wf ie . z in 4 hours : : - . - - - 0°58 
Incubator test (by smell) - - . . ; . : c - . - + 
Solids by Centrifuge (vols.) —- : - - - : - ; - - Z 7-0 

cc. per litre, 

Oxygen in Solution - - : ; 2 ; : : : 2 : - ; 3'5 approx. 





The above figures show the sewage to be one of less than medium strength, 
though we have to remember that the heavy rain which preceded the drawing of the 
first day’s set of hourly samples probably caused that day’s sample to be slightly more 
dilute than usual. The sample of weak night sewage evidently consisted in great part 
of subsoil water ; the large amount of nitrate in it 1s worth noting, and also the fact that 
it withstood the incubator test. 


The two chance samples of sewage, Nos. 3120 and 3142, were only examined partially. 
They were both drawn when the flow of sewage was swollen by rain, in March and 
May, 1903. No. 3120 was apparently rather weak, and 3142 of about medium strength, 
excepting that it contained a considerable quantity of suspended solids, evidently 
washed out of the sewers by the rain. 


Bacteriological Notes.—Six samples were examined bacteriologically. The results are 
shown in the following table. There are no special points of importance to be noted. 
All the samples yielded a positive result with zoodooth c.c. with the neutral red 
broth test. 





( 


B.S.=Bile salt glucose 


Number of B. pepeon’ test. 
ay CPC Oe coli (or gas-form- eee outralred Dioula enteritidis Remarks 


Sample. ing coli-like sporogenes test. 


; L.P.M.=Lactose _ pep- 
tone milk test. © 








‘3120 Crude sewage - — 100,000 N.R. 10 not 100 


12/3/03. 

‘3142 Crude sewage - — 100,000 N.R. 100 not 1,000 
4/5/03. 

‘259 Crude sewage - ae 100,000 N.R. 1,000 not 10,000 
19/5/03. 

‘532 Crude sewage - wae 100,000 N.R. 100 not 1,000 
20/5/03. 

‘535 Crude sewage - — 100,000 N.R. 100 not 1,000 
21/5/03. 














SEPTIC TANKS. 


There are two covered septic tanks, with a total capacity of 26,000 gallons. They 
are constructed of cement concrete and provided with special outlets, midway between 


the roof and the floor of the tank, for the purpose of drawing off the tank liquor, when 
the tanks are sludged. 


The tanks are used in series. 


Flow through.—In dry weather, with a sewage flow of 41,000 gallons per 24 hours, the 
flow through the tanks would be about once in 15-2 hours, at a rate of 4 inch per minute. 


In storm times, with a flow of 200,000 gallons per 24 hours, the flow through would be once 
in 3°2 hours. 
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Cleaning.—Between June 23rd, 1990, when the tanks were first used f in the present way, 
and December 16th, 1904, the tanks were cleaned out four times, viz. 


(1) January, 1901. 
(2) April, 1902. 

(3) August, 1903. 
(4) December, 1904. 


On each occasion the operation took about one week. 


During the observations the tanks were twice cleaned,—in August, 1903, and in 
December, 1904, when the works were dismantled. On this last occasion, after the tanks 
had run for 16 months, No. 1 was quite full of thick sludge, while No. 2 was about half 
full of fairly thick sludge, and there is no doubt that the tanks had been in need of 
cleaning for some time. In any estimate, therefore, of the work done either by the tanks 
or the filters during the latter part of our observations, this fact must be specially borne 
in mind. 


This final cleaning was carried out as follows:—By mixing the sludge from the second 
tank with that in the first, the whole was rendered just liquid enough to flow to a chain 
pump, which had been erected temporarily, neither tank being fitted with sludge valves. 
In this way, the greater portion of the sludge was removed in 8 days. When the sludge 
would no longer flow to the pump, the remainder was removed in buckets filled by hand 
and lifted by a windlass. This took 3 days. 


The sludge was tipped in its semi-liquid state over about 4 acres of the steep grassy 
slopes on either side of the works, and it lay there until dry. The weather being fine 
at the time, it dried rapidly. 


The whole operation took 11 days, and although there was some smell it did not 
appear to be great. 


Septic Tank Inquor.—-Three sets of hourly samples and twelve chance samples have 
been examined chemically. 


The hourly samples, Nos. 530, 533 and 536, drawn at the same time and under the same 
conditions of weather as the hourly samples of sewage, were remarkably even in composi- 
tion. They gave the following figures :— 














Parts per 100,000. Average. a mae 

Ammoniacal Nitrogen - -~— - - pont sian or - (3:29 to 3°72) 3°46 (3) 
Albuminoid Nitrogen — - i - 3 - - - (0°51 to 0°55) 0:52 ioe (3) 
Total Organic Nitrogen - : = , = - : =. (1°30) to,.1°37) | 41:33 (3) 
cero. CN OOROOL |. (461 to 5-02) 4:79 (3) 
“Oxygen absorbed ” at 27° C (80° F.) at once - - - - (1:36 to 1°61) 1:46 (3) . 

ee ks 00 in hows = ~~ (630 to 5:85) 5-62 (3) 
ee crow epee. ~ (TO. to..7-96) oral (3) 
Solids in Suspension - - . . : - . - (720 to 10°35) 8 42 (3) 
Solids by Centrifuge (vols.) - -~ - aie: - - (60 to 91) 740 (3) 
Ratio of Solids in Suspension to Centrifuge Solids - - (1:8°8, 9:1, and 8°3) L8't (3) 


These hourly samples of septic tank liquor were not very strong. The figures of 
analysis do not differ very greatly “rom those of the hourly samples of sewage, excepting 
as regards suspended solids; the suspended solids—at the time rather large in amount— 
were finely divided. The following figures give the percentage reduction in the tank 
liquor. 


Albuminoid Nitrogen - - - - - - . - 27 per cent. reduction. 
Total Nitrogen - = z = : : - = - 16 7 . 
“Oxygen absorbed in 4 ore : - - - - - 29 3 3 
Suspended Solids — - - - - % Pe "3 


The twelve chance ie examined Bei iolls (Nos. 3069, 3083, 31214, 3138, 3143, 
3556, 3559, 3561, 3565, 3567, 3572, and 3580) were drawn at different times of the 
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winter and spring months, but the last seven of them in November and December, 1904. 
Two-thirds of them were taken in dry weather. They gave the following figures :— 











Parts per 100,000. | Average. Number of 








estimations. 

Ammoniacal Nitrogen - a ty ete til ay he SSS taes a) 4°40 (8) 
Albuminoid. Nitrogen’ =) 9°-=. (=) =" = aoe - -  ( 0:27 to 1:32) 0°75 (8) 
TotalvOrganio Nitrogen )= — we ec, a> a - - ( 0°78 to 2°19) 1:57 (7) 
Total Nitrogen - - - - : - - - -  ( 4°79 to 9:19) 6°32 (11) 
Oxygen absorbed at 27° C (80° F)——at once =p te lee - (1°73 to 3:36) 2:23 | (12) 

»» 3 » U4 MOUS. wih Be pee -  ( 439 to 12°50) 7-43 (12) 
Chiorine:® edixaite) éhaci is - - : - - - ( 624 to 9°66) 7:96 (6) 
Solids in Suspension - : : : t 3 f - (59 to 224 ) 13:0 (6) 
Solids by Centrifuge (vols.) — - - : - : - - (37:0 to 146:0) 96:0 (12) 
Ratio of Solids in Suspension to Centrifuge Solids : 5 { wane cea 1:98 (6) 





These chance samples, unlike the hourly ones, necessarily varied greatly in composi- 
tion; but, taking the whole of them together, they were distinctly stronger than the 
hourly samples. The following points, among others, are worthy of note :— 


1. In times of storm very considerable quantities of nitrite and nitrate may be present 
in this liquor (1°03 nitrous and nitric nitrogen in No. 3148 and 0°77 in No. 3580). 


2. The suspended solids issuing from the tank varied between the wide limits of 5°9 
and 22-4, the latter figure being obtained from No. 3580, which was drawn when there 
was a very heavy flow of sewage, owing to rain. 


Bacteriological Notes.—Kleven samples were examined bacteriologically and the results 
are shown in the accompanying table. The samples usually contained 100,000 B. coli 
or coli-like microbes per c.c. The bile-salt glucose peptone and neutral red broth tests 
usually gave a positive result with ;5 549th of a cubic centimetre. The B. enteritidis 
sporogenes test usually gave a positive result with ,3,th to ,,)5th c.c. 




















100 
B.S. = Bile salt glucose 
Numberort peptone test. 
Description of the | coli (or gas-form- ren ae red broth |~ 5 enteritidis Rone 
Sample. i ing coli-like I a pews sporogenes test. A prt 
| microbes). LPM. eee 
.P.M.—Lactose _ pep- 
tone milk test. 
3069 Septic liquor - 100,000 100,000 In. 1,000 not 10,000 
26/11/02. (+indol) 100,000 N.R. 
(+ clot) 100,000 L.P.M. 
' 100,000 B.S. 
31214 Septic liquor - — 100,000 N.R. 100 not 1,000 
12/3/03. 
3143 Septic liquor - — 100,000 N.R. 10 not 100 
4/5/03. 
530 Septic liquor - = 100,000 N.R. 1,000 not 10,000 
19/5/03. 
533 Septic liquor - — 100,000 N.R. 100 not 1,000 
20/5/03. 
536 Septic liquor - eo 100,000 N.R. 100 not 1,000 
21/5/03. 
3556 Septic liquor - 100,000 100,000 B.S. 1,000 not 10,000 
2/11/04. (+indol) 100,000 N.R. 
(+ clot) 
3559 Septic liquor- 100,000 10,000 B.S. 100 not 1,000 
3/11/04. (—indol) 10,000 N.R. 
(—clot) 
3561 Septic liquor* - 100,000 100,000 B.S. 100 not 1,000 
16/11/04. (+indol) 100,000 N.R. 
(+clot) 
3567 Septic liquor* - 100,000 100,000 B.S. 1,000 not 10,000 
21/11/04. (+indol) 100,000 N.R. 
(+ clot) 
3572 Septic liquor* - 100,000 100,000 B.S. 100 not 1,000 
30/11/04. (+indol) 100,000 N.R. 
(+ clot) 








te 
* Special samples. 
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FILTERS. 


Number of filters, 2. 

Size of each, 22 feet by 6 feet by 6 feet deep. 

Total area, 29-3 square yards. 

Total cubic content, 58°6 cube yards. 

Construction.—Hach filter is laid on a sloping concrete bottom and is entirely enclosed 
by brick walls, except that on three sides of each the bottom layer of bricks is laid 
on the alternate brick and space plan, to allow the effluent to flow out from the filter and 
to create an air current through the filtering material. 


Materval.—Washed destructor clinker of about 3 inches diameter, except at the bottom 
where still larger material is used. 

Distribution.—The distribution of the tank liquor over the 29.8 square yards of surface 
is effected by means of 14 Stoddart Patent distributors, which may be described as follows : 
The distributors consist of galvanised iron sheets, stamped into a corrugated form which 
resembles a succession of V’s. Diamond-shaped holes are punched on the crests of these 
V’s and small holes in their lower angles carry the drip points (860 per square yard) which 
hang from the under side. 

The distributors are fed either trom one or both ends, preferably the latter, and fit into 
recesses provided in specially designed cast-iron channels. 

The liquid on entering the V-shaped channels rises to the level of the crest slots, flows 
through them and down the under side of the distributors till it reaches the drip points, 
whence it falls on to the filter. The distributors are each 1 square yard in area, and at 
Knowle are expected to feed 2 square yards of filter. 

Age.—The filters were first brought into use in August, 1900. 

Working.—Until there is need of brushing the accumulated solid matter out of the 
trays, the tank liquor simply passes on to the filter in all its varying rates of flow and 
without intermittence. When it becomes necessary to clean the dist-ibutors and 
channels, the liquor is diverted for a few minutes on to a sand filter, and the 
accumulation in the channels is brushed into it as it flows there. At Knowle the 
operation is carried out once a week, and takes about 15 minutes. 


Amount of septie liquor treated.— 
Per square yard— 


In dry weather - : . - 1,400 gallons per square yard per 24 hours. 
In wet weathe~, about - - 8,000 vs a A ° 
Probable average amount” - - 2,000 ne - 2 e 

Per cube yard— 
In dry weather - - - 688 gallons per cube yard per 24 hours. 
In wet weather, about - - 4,000 As - P a 
Probable average amount - = 0000) :: 


Effluents.—Three sets of hourly samples were examined in May, 1903, Viz. Nee 531, 
534 and 537. These gave ‘he ‘ol’owing results :— 

















Parts per 100,000. | Average. ae ey 

Ammoniacal Nitrogen - - - - - - - - (3:07 and 3°31) 3:19 (2) 
Albuminoid Nitrogen - : : - - - (0°38 and 0:29) 0:34 (2) 
Oxidized Nitrogen approximate 6 figur se - : - - (0°59 to 1:46(?) 0:90 (3) 
Total Nitrogen - : : E : - (388 to 424) 4:00 (3) 
“Oxygen absorbed” at 27° C. (80° F .)atonce - -  ~- (0°74 to 0:96) 0:84 (3) 

is * o me in 4 hours : - (2°25 to 2°92) 2°70 (3) 
Chlorine : - - : - - : - (766 to 810) 784 (3) 
Solids in supension : tA - : - - (2°20 to 4:92) 3°77 (3) 
Solids by centrifuge (vols.) - -  . erent - - (340 to 740) 53:0 (3) 
Ratio of solids in supension to centrifuge solids — - - (1: 150, 121,) 1: 142 (3) 

atio o p g teins. | 

Incubator test (Scudder) — - - Magee ¥ : Fane coy Ress (3) 
Incubator test (by smell) —- : , 2 : 3 - - - 8— (3) 
Smell of sample when drawn : 2 3 . j : : eo (3) 
Smell of sample when analysed — - = 4 3 : : ie FS (3) 
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It is obvious, from the above figures that these hourly samples of effluent, which were 
of fairly uniform composition, were not very highly purified. The figure for suspended 
solids (3°77) is somewhat below the actual amount, because these solids were to some 
extent kept back in the gauge dam during the gauging. A sample of the solids, thus 
settled out, was found to contain, after drying, 1°83 per cent. of nitrogen ; they were very 
flocculent in character, and were, of course, putrescent. 


Comparing these hourly samples of effluent with the hourly samples of sewage and 
of septic tank liquor, we get the following reduction in figures :— 


Sewage. Septic Liquor. 


Calculated on ‘‘ Oxygen absorbed ” in 4 hours —67 per cent. 52 per cent. 


In addition to the hourly samples of effluent, twelve ordinary chance samples and 
five experimental samples were examined. The ordinary samples may be roughly 
separated into two divisions, the first of these comprising Nos. 3070, 3084, 312i, 31384. 
31434, 613, 3278, and 3340 (partially settled). These eight samples were drawn 
between November, 1902, and December, 1903, in Spring, Autumn and Winter; three- 
fourths of them were taken during or shortly after wet weather. They gave the 
following figures on analysis :— 





Parts per 100,000. Average. Number of 











luauaecnee 

Ammoniacal Nitrogen - -~ = - - : - (063 to 4-06) 2°14 approx. (5) 
Albuminoid Nitrogen _ - . - - - : - (015 to 0°39) 0-25 (3) 
Oxidized Nitrogen - : : - : - - + (0°32 to 1°86) 1-20 (8) 
Total Nitrogen 22S We MMI OLS UE OTL BAIRE(O°88 “S40. 540) 4-21 - (3) 
“Oxygen absorbed” at 27° C. (80° F.) ai once - - - (060 to 1°10) 0-82 (8) 

;, s * 4 in & hours - - (201 to 3-39) 2°66 (8) 
Perec ee taken Yeti a ae # bee 18 a eee phil 0-87 approm (4) 
Chlorine - : 2 * : : s : - (450 to 7°70) 5-95 (3) 
Solids in Suspension - : Byers 2 - - - (46 to 74) 55 (4) 
Solids by Centrifuge (vols.) - - -  -  -  - (410 to 640 ) 52:0 (8) 
Ratios of Solids in Suspension to Centrifuge Solids - — - I oP bun Vso0 (4) 
Incubator Test (Scudder)- - - © - - = = - - - 24+ 4— (6) 
Incubator Test (by smell) - \ F 5 ‘ 2 . : z 5 + 3+ (8) 
Smell of Sample when drawn - - : : - - . - - 64+ 2— (8) 
Smell of sample when analysed ar Rak eee - . : 8 + (8) 


As compared with the tank liquors (hourly and chance samples), these effluents 
show the following reduction in figures :— , 


= 





Calculated on :— Hourly. Chance. 
“Oxygen absorbed” afonce - - =  - - - - 44 per cent. 63 per cent. 
“Oxygen absorbed” in 4 hours FO)... || $3 eaaepan 53 Oe), Gheda-y 
Suspended Solids (4 effluents) - 2 “ : Z : 35 A 58 9 











Considering that practically all the above effluents were unsettled, containing as they 
did an average of five to six parts of suspended solids, the figures of analysis show the 
liquid portion to have been of fair quality. All of the eight had an inoffensive smell when 
they came to be analysed, although three of them failed to withstand the incubator test. 
Had the sclids been well settled out—possibly a difficult matter because of their 
flocculent character—the effluents would asa whole have probably passed a reasonable 
standard of purity. 
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If we compare the permanganate figures given by the effluents, 3070, 3084, 31218, 
31384 and 31434 with those of the corresponding tank liquors 3069, 3083, 31214, 3138 and 
31438, we find the average to be :— 


Tank Liquors. Effluents. Percentage 

reduction, 

“Oxygen absorbed ” at once - - - : 1:90 0:82 57 per cent. 
= i in 4 hours - - - 5:47 2°66 51 . 








DISSOLVED OXYGEN TAKEN UP BY EFFLUENT. 


The following figures (all in parts per 100,000) are also of interest :— 











Sample No. | Sample No. | Sample No. | Sample No. 
44F 31434. 3278. 3340. 3413. 
“Oxvgen absorbed” at once a A 0°80 0:80 0°61 1:32 
Dissolved Oxygen taken up in 24 hours at 
18—19 C.-  - ne : - : 0°68 0:67 0-46 228 + x 
“Oxygen absorbed” in 4 hours at 27°C. - — - 2°61 247 2°01 5°81 


In the first tree of these effluents, which were fai-ly well purified an1 non-putrescible, 
the dissolved oxygen taken up in 24 hours was about one-fourth of the “ oxygen 
absorbed” in 4 hours; in the last effluent—a poor one—it was something like 
one-half. 


The remainder of the Ordinary Effluents, viz., Nos. 3413, 8557, 3558 and 3560, which 
were collected—the first in March, and the last three on November 2nd and 8rd, 1904— 
showed a marked falling off, as is evident from the following figures :— 











Parts per 100,000. Average. sated ee 

Ammoniacal Nitrogen - - - - 7 : - (550 to 687 6-01 (4) 
Albuminoid Nitrogen — - eee ETS 000 - (051 to 1:24) 0-71 (4) 
Oxidized Nitrogen - ~— - E : - z - - pha 0:0 (3) 
“ Oxygen absorbed” at 27°C. (80° F.) at once - = -  - (1:18 to 1°55) 1:37 (4) 

‘: : a in 4 hours - - (481 to 6-22) 5:57 (4) 
Dissolved Oxygen taken up at abont 18°C. in 24 hours - (2:°28+2) to 6:01) 3°69 approx. (4) 
Chlorine - - - = - 2 - - ; - (8°56 and 11-76) — (2) 
Solids in Suspension . ae als : : 5 - (75 and 10-1) — (2) 
Solids by Centrifuge (vols) - - - - -  - (640 to 1160) 8:40 (3) 
Incubator test, by smell - - - - - - - - - o 4- (4) 
Smell of sample when drawn - - - - - : - - - 1(%)3- (4) 
Smell of sample when analysed : : - - - - - - 1+2- , (3) 








These four effluents were very unsatisfactory.. Even allowing for the fact that the 
tank liquors corresponding to the last three of them were stronger than the average of the 
chance samples of tank liquor generally, it is evident that at this time the filter was very 
much overtaxed. 
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The unsatisfactory character of the effluents is further shown by a comparison of 
the figures for absorption of dissolved oxygen 1n 24 hours at 18° C., (a) by the original 
sample of effluent and (b) by the sample after filtration through paper :-— 





No. 3557. No. 3558. No. 3560. 





Original Effluent - - -— - E = oa : 601 3°02 3°45 
Effluent after paper filtration - - - - 7 > ° 2°55 2°27 183 














The figures given by the filtered effluents are still very high. They show, of course, a 
great diminution upon those of the original efluents—probably a diminution greater than 
would be due to the removal of the solids alone ; for the paper filtration of a turbid 
effluent, in which the solids are slimy and not well coagulated, has the effect of keeping 
back not merely those solids, but large numbers of bacteria also. For practical purposes, 
therefore, this comparison is better made between the original effluent and the same 
effluent after, say, two hours’ settlement. 


Bacteriological Notes.—Sixteen samples of filter effluent, including three experimenta 
samples, were examined bacteriologically ; also one sample of effluent solids. The results 
are shown in the accompanying table.. The samples usually contained 100,000 B. coli 
or coli-like microbes per c.c. The presumptive tests for B. coli commonly gave a posi- 
tive result with ,jogoy ¢-c. AS regards the B. enteritidis sporogenes test, out of 16 
samples, 5, 9, and 2 yielded positive results with ;54,5th, ~}5th and ~)th c.c. respectively. 
The effluents were unsatisfactory from the bacteriological point of view. 








BS.=Bile salt glucose 














Number of B. pepionesor: 
Description of the | coli (or gas-form- miioree redbroth| B Enteritidis R i: 
Sample. ing coli-like is a aéliteat sporogenes test. pete 
CRUE L.P.M.=Lactose _ pep- 
tone milk test. 
3070 Filter Effluent - 100,000 100,000 In. 100 not 1,000 
2611/02. (+ indol) 100,000 N.R. 
(+ clot) 100,000 L.P.M. 
100,000 B.S. 
3084 Filter Effluent - —_ 10,000 not 100,000 N.R. | 100 not 1,000 
20/12/02. 10,000 not 100,000 L.P.M. 
1,000 not 10,000 B.S. 
31218 Filter Effluent- ae 10,000 not 100,000 N.R. | 100 not 1,000 
12/3/03. 10,000 not 100,000 L.P.M. 
31534 Filter Effluent- ee 10,000 not 100,000 N.R. 10 not 100 
4/5/03. 
531 Filter Effluent - — 100,000 N.R. 100 not 1,000 
19/5/03. 
534 Filter Effluent - mi 10,000 N.R. 1,000 
20/5/03. 
537 Filter Effluent - ss 100,000 N.R. 100 not 1,000 
21/5/03. 





Description of the 
Sample. 


613 Filter Effluent - 
5/10/03. 


3340 Filter Effluent, 
partially settled, 
17/12/03. 


3413 Filter Effluent, 
partially settled, 
2/3/04. 


3557 Filter Effluent - 
2/11/04. 


3560 Filter Effluent - 
3/11/04. 


3558 Filter Effluent - 
2/11/04. 


3562 Filter Effluent * 
16/11/04. 


3566 Filter Effluent * 
16/11/04. 


3573 Filter Effluent * 
30/11/04. 


[539 Sample of sedi- 
ment from Effluent 


from __ percolation 
filter, settled in 
bottom of gauge 


dam, 24/5/03. |* 


Fjoe of temperature on the filters.—The temperature observations at Knowle have 
“>> >» that the temperatures of the sewage liquids are only slightly affected by the 
‘perature of the atmosphere. The lowest effluent temperature recorded (during a slight 


_ frost) was 8° C. 


There can be no doubt, we think, that the plan of building a percolating filter below the 
surface of the ground serves to protect it from cold, and it may be useful to point out 
that the probable reasons for the evenness of temperature maintained by the Knowle filter 


effluent are :— 
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B.S.=Bile salt glucose 
peptone test. 


Number of B. | 1k —Noeutral red broth 


coli (or gas-form- B. Enteritidis 





test. 


ing coli-like In.=Indol test. 





sporogenes test. 





cea L.P.M.=Lactose pep- 
tone milk test. 
100,000 100,000 N.R. 100 not 1,000 
(— indol) 
(+ clot) 
10,000 not 100,000} 10,000 nct 100,000, N.R.| 100 not 1,000 
(+ indol) 
(+ clot) 
100,000 100,000 N.R. 1,000 not 10,000 
(+ indol) 
(+ clot) 
(100,000) 100,000 N.R. 1,000 not 10,000 
(+ indol) 100,000 B.S. 
(+ clot) 
100,000 100,000 N.R. 10 not 100 
(— indol) 100,000 B.S. 
(+ clot) 
100,000 100,000 B.S. 100 not 1,000 
(+ indol) 10,000 N.R. 
(— clot) 
100,000 100,000 B.S. 100 not 1,000 
(— indol) 100,000 N.R. 
(+ clot) 
100,000 100,000 B.S. 1,000 not 10,000 
(— indol) 10,000 N.R. 
(+ clot) 
100,000 100,000 B.S. 1,000 not 10,000 
(+ indol) 10,000 N.R. 
(+ clot) 
—_ {100,000 N.R.] [100 not 1,000] 








(1) That the filter is built below the surface of the ground, and 


(2) That the surface of the filter is well shielded by the high boarding which 
encloses the works. 


We have, however, had no opportunity of making temperature observations at 


Knowle in severe weather. 








Remarks, 





* Speeial experimental samples. 
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Experiment on reduction of flow.—It was hardly to be expected that the filter would 
produce an effluent of high class when dealing with the very large quantities of 
septic tank liquor usually passed on to tt. It was thought advisable, therefore, 
to make an experiment with reduced flows, in order to see at what stage a non-putrescible 
and satisfactory effluent would be obtained. 


At the time when it became possible for us to make this experiment, we were notified 
of the approaching abandonment of the Knowle works, and our operations had conse- 
quently to be hurried. For the purpose of the experiment we should have wished the 
septic tank to have been cleaned out, and the filter to have been given a complete rest 
before starting anew with the reduced flow. As it was, the tank was very full of sludge, 
and the filter was somewhat ponded on the surface. In drawing any conclusions from the 
results, therefore, the state of the tank and of the filter must be borne in mind. 


Before reducing the flow, we drew some samples, to ascertain the degree of purification 
which the filters were then effecting. The results of the analysis of these samples have 
already been given along with others (tank liquors Nos. 3556 and 3559 and effluents 
Nos. 3557, 3558 and 3560), but they may be repeated separately here. 


























No. 3398. | No. 3557. | No. 3558. | 89. 359. | No. 3560. 
Li Effuent. | Effluent. , Effluent. 
iquor. Liquor. 
Parts per 100,000. 
Drawn Drawn Drawn Drawn | Drawn 
Wed. Nov. | Wed. Noy. | Wed. Nov. /Thurs. Nov./Thurs. Nov. 
2nd, 1904, | 2nd, 1904, | 2nd, 1904, | 3rd, 1904, | 3rd, 1904, 
11.30 a.m. | 11.385 a.m. | 10 p.m. 6 a.m. 6.5 a.m. 
Ammoniacal Nitrogen - - - - 6:99 5:90 6°87 5-50 5°78 
‘Albuminoid Nitrogen - : : - - 1:32 0:54 1:24 0-64 C51 
Oxidized Nitrogen)- = 1 eee 0-0 0-01 0-0 
Total Organic Nitrogen - . = fi 8s 1:90 1:37 
Total Nitrogen - : - z ‘ 2 8:89 6:87 
“Oxygen absorbed’ at 27°C at once = -—- OTT 1:41 1:55 229 1:18 
; » at 27°C inghours- -| 858 544 | 622 671 | 481 
ge 
Dissolved Oxygen taken up in 24 hours at 18° C. 6-01 3°02 3°45 
Chlorine ER 11°76 8°88 
Solids in Suspension — - : - - - 10:1 
Solids by Centrifuge (vols.)  - z P 93:0 116-0 87:0 64:0 
Incubator Test (by smell) - - - ~~ -~ = -- 
Smell of sample when drawn - - - : — — 
Smell of sample when analysed _ - - . — — Not noted. 








On November 8th, 1904, at 8 am., the flow of tank liquor on to the filter 
was reduced to one half (the normal dry weather flow was 688 gallons per cube 
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yard*); the weather was wet, a circumstance which militated against the success of the 
experiment. Eight days atterwards, on November 16th, we drew two samples of tank 
liquor, Nos. 3561 and 3565, and two of effluent, Nos. 8562 and 3566, in the morning and 
afternoon. When No. 35$2 was drawn, at 11.30 a.m., the flow was at the rate of 570 
gallons per cube yard per 24 hours ; and when No. 3566 was taken, at 4.30 p.m., the flow 
was at the rate of 500 gallons. 


Thirteen days after this reduction of flow to one-half the normal, we drew, on 
November 21st at 3 p.m. two further samples, Nos. 3567 and 3568, the day being cold, 
after a period of dry weather. On this occasion the flow on to the filter was at the 
rate of 525 gallons per cube yard. 


The above six samples gave the following figures on analysis :-— 


























No.3561. 3565. 3567. 
Septic 3562. Septic | 5566. | Septic 3568. 
Tank | Effluent. Tank | Effluent.| Tank | Effluent. 
Liquor. Liquor. Liquor. 
| Draw Drawn, | Drawn | Drawn | Drawn 
Parts per 100,000 W ug Drawn, Wed., Wed., Mon., Mon., 
Noy. {Wed., Nov.| Nov. Noy. Nov. Nov. 
16th, (16th, 1904,) 16th, 16th, Fist, 21st, 
1904, | 11.33 a.m.) .1904, 1904, 1994, 1904, 
11.301.m. 4.35 p.m.j/440 p.m.|2.65 p.m.) 3.0 p.m. 
Flow on to filter es gallons per cube yard per - 

24 hours . " = = : : 570 500 525 
Ammoniacal Nitrogen - : = & = 5-47 4-60 554. 4°89 6:00 
Albuminoid Nitrogen - a ; A A 0:90 1:13 (%)| 0°90 0:54 | 0-66 
Oxidized Nitrogen 2 3 . 4 : 0: 29approx. 0:0 | 0:09 
Total Organic Nitrogen - Z = - 2:19 1-26 i 
Total Nitrogen : ‘ 4 7-66 6:89 9:19 - 

4 Oxygen absorbed ” at 27° C. at once - ~ | Dt 0-73 2°54 C36. | 336 | 1:36 

: : = in 4 hours- a: $59 3°34 8-55 3°85 | 1250 5:00 
Dissolved Oxygen taken up in 24 hours at 18°C. 0:69 136 | 2°43 

7 
Chlorine - = “ : Z 4 : 6 40 9-66 | 8°42 
Solids in Suspension — - : s 2 : 156 8:5 13:7 76 
Solids by Centrifuge (vols) - - - -, 1390 90-0 135:0...| 67-0'90182'0 89 0 
Incubator Test (by smell) - - -~ - oe | deve = 
Smell of Sample Pon drawn - - : ae (2) pe 
Smell of Sample when analysed — - 3 3 Slightiy - es ti 

















* This figure of 688 gallons per cube yard per 24 hours was arrived at from seven days’ gauging in dry 
weather, in May, 1903.. The statement that “the flow was reduced to one half” means that it was divided 
into two equal parts over the whole of the day and night, one part being rejected. Theoretically, half the 
normal flow would be represented by 344 gallons per cube yard per 24 hours, but owing to variations in flow. 
at different times of the day and to rainfall, the actual volumes often differed widely from this. 
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On November 24th, at 4 p.m., we further reduced the flow on to the filter to about 
one-sixth of the total flow of tank liquor, and six days after this (on November 30th) we 
drew the samples Nos. 3572 and 3573. At the time when these were actually taken, the 
flow on to the filter was at the rate of 202 gallons per cube yard per 24 hours, but for the 
five preceding days the filter had only been treating, on an average, 80 gallons per cube 


yard. 


On December 12th, or eighteen days after the ceduction of the flow to one-sixth — 
of the normal, we drew our two last samples, Nos. 3580 and 3581. At this time of sampling 
the flow was at the rate of 770 gallons, being greatly swollen by rain ; but for the previous 
twelve days the average amount treated by the filter was not more than about 160 gallons 
per cube yard per 24 hours. 


These four samples gave the following figures :— 








No. 3572. 3580. 
Septic Tank 3573. Septic Tank 3581. 
: Effluent. ; Effluent 
Liquor. | Liquor. 
Parts per 100,000. Drawn Wed., | Drawn Wed., ! Drawn Mon., | Drawn Mon.. 
Noy. 30th, | Nov. 30th, Dec. 12th, Dec. 12th, 
1904, 1904, 1904, 1904, 
10.35 a.m. 10.40 am. | 440 p.m. 4.45 p.m. 











Flow on to Filter in gallons per cube yard, per 











24 hours - - - - 202 770 
Ammoniacal Nitrogen - : , : 4-17 2°51 3:00 
Albuminoid Nitrogen - © : ‘ 0-65 0 62 
Oxidized Nitrogen - : . 0:67 Ot 0°85 
Total Organic Nitrogen - : . é 0:85 180 (1) 
Total Nitrogen - : : : : 6°45 5°68 508 417 
“ Oxygen absorbed ” at 27° C. (80° F.) at once - 1:84 1:18 2:20 1:53 

% CS bow |, Bin i heeraeah ard e 4-76 9-73 447 
Dissolved Oxygen taken up in 24 hours at 18°C. 153 2°14* 
Chlorine - : : : 6:24 5:80 6:70 7:96 
Solids in Suspension - 3 : 2 59 17 oe ae st 
Solids by Centrifuge (vols.) 106:0 1190 | 1460 142-0 
Incubator Test (by smell) > - : me = 
Smell of Sample, when drawn - : - (2) | + 
Smell of Sample, when analysed - . - + + 











As it may be thought worth while to have the chemical figures of all the experimental 
effluents brought together, they are appended in the following table :— 


Table giving the main results of the chemical analysis of the experimental 


effluents Nos. 3562, 3566, 3568, 3573, and 3581. The figures relate to (a) the 





*Temp. went up to 22°C. 
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original unsettled effluent; (b) the effluent after filtration through paper; (c) the 
effluent after settlement. 














No. 3562. | No. 3566. | No. 3568. | No. 3573. No. 3581. 
Parts per 100,000. 3 a. °% 3 ¥ 3 3 2 a 3 
Ep! | (Bair [ricky oma dlteps mite ng) Bi) pockboncS s/f 
Sul Earl) Sut Be | totes (eG el ea ot 
Flow on to filter (gallons ay cube 
yard per 24 hours) - 4 570. 500 525 202 770 
Ammoniacal Nitrogen - - -|460 444/489 482/600 612| 417 418/300 262 2°62 
Albuminoid Nitrogen -— - - | 1:1340°76 4 0:54 032 | 066 057 | 065 0:34 
Oxidized Nitrogen : : - | 0:29 0:0 0:09 0°67 0°85 





“Oxygen absorbed ” at °27C. atonce| 0:73 0:27 | 0:86 0°37 | 1:36 083/118 051/153 050 0°53 
9 ” » m4 hours| 3:34 1:38 | 385 1:88 | 500 299; 476 2:07 | 447 181 2:14 
Dissolved Oxygen taken up in 24 | 


hours at 18° C. (65° F.) _ - -| 069 012/136 038 | 243 075 |153 115 | 214 055 1:18 
Meaorme ye tet GAO 8:42 5°80 796 
Solids in suspension = - 2 -|85 76 17:0 15:1 
Solids by Centrifuge (vols.) - 90:0 67:0 89:0 119°0 142°0 
Ratio of Solids in Suspension to 
Centrifuge Solids. - - -|1: 106 1: 88 1: 70 1: 9°4 
Incubator Test (by smell) — - Te q = * Rl EN ae = + as fe e 
Smell of ale when drawn - + 4 + q ap 
Smell of Sample when analysed - | Slightly — - + 3 + 


In looking at the figures given by these experimental effluents, it will be seen 
among other things :— 


1. That the purification was in nearly every case insufficient to produce a good 
effluent, per se., although the last two samples—apart from suspended solids—showed a 
marked improvement on the others. 


2. That the quantity of suspended solids in these (unsettled) effluents, especially in the 
two last, was excessive. 


When the first three samples were drawn, the average flow on to the filter was between 
500 and 600 gallons per cube yard per 24 hours ; but when the average flow was reduced 
to about 200 gallons per cube yard, an appreciable quantity of nitrate appeared in the 
effluent, and, after filtration through paper, the liquid portion of the effluent withstood 
incubation. 


As the filter had then to be dismantled, we were unable to continue the experiment until 
the solids washing out of the filter had become more or less normal in quantity. Had this 
stage been reached, the tank liquor would have had the normal filter to work 
through, and the effluent generally would no doubt have been of better quality than our 
two last samples ; further, after the solids had been settled out, the effluent would doubt- 
less have been a non-putrescible one. 


So far, therefore, as this experiment went, it indicated that the average flow of so strong 
a septic tank liquor as that as Knowle on to a 5-foot filter of coarse material ought at all 
events not to exceed 200 gallons per cube yard per 24 hours, 
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SUMMARY. 


In drawing any conclusions from our observations at Knowle, it has to be borne in 
mind that the sewage installation there was adapted from earlier works put up for a 
different method of treatment. It cannot therefore be regarded as strictly typical of 
the Stoddart process. But subject to this proviso, we submit the following remarks :— 


We consider the distribution of the large volumes of tank liquor, which were treated on 
the filter, to have been efficient. At no time, however, has it appeared to us to 
be perfect ; for it has frequently been evident that more liquid has passed through 
one tray than through another, and, further, that the liquid was delivered at different 
rates through different portions of one and the same tray. On the other hand, we do not 
think that the distribution has ever been sufficiently at fault to affect the character of 


the effluent to any marked extent. 


On the whole, the distribution was not much affected by wind; but it has to be 
noted that the Stoddart trays at Knowle are well sheltered. We have occasionally 
been sensible of a smell which might be attributed to the method of distribution 
of the tank liquor, but this was the exception rather than the rule. | 


When the works were dismantled in December, 1904, after the trays had been in use 
for four years, we examined the trays carefully and found that they had neither “ buckled ” 
appreciably, nor had the galvanising worn off them. 


Taking the average of all our analyses of the septic tank liquor, the suspended solids 
issuing from the tank amounted to 10-11 parts per 100,000, the suspended solids in the 
hourly samples of sewage averaging 19:4 parts. Roughly, therefore, on the basis of these 
figures, 50 per cent. of the seuspended solids of the sewage were held back by the tank. 
During the two years of our observations the tank was cleaned out twice, but it is 
obvious from the figures of analysis that either the capacity of the tank should have 
been greater or that the tank should have been cleaned out more frequently, the rise in 
suspended solids in the tank liquor being apparent as the tank sludged up. 


The filter appears to have been able to deal with the relatively large quantity of sus- 
pendcd matter contained in the tank liquor for the greater part of the time without 
becoming choked, but towards the end of our observations on its normal working it began 
to pond badly. It rapidly improved again, however, on reducing the flow, the large 
quantity of solids washed out after this reduction being very marked. When the filter 
came to be dismantled, we carefully examined the filtering material (washed destructor 
clinker) and found it to be in very fair condition. 


The effluent throughout our observations contained more suspended solids than it 
would have been desirable to allow into many streams (approximately 5 to 6 parts per 
100,000); these were putrescible under laboratory conditions of experiment. 


Taking the effluents as a whole (including their suspended solids), they were unsatis- 
factory (10 out of 15 failed to withstand incubation). Obviously the quantity of tank 
liquor which was treated on the filter was too large. 


As the result of the experimental reduction of flow of tank liquor on to the filter, 
we came to the conclusion that 200 gallons per cube yard per 24 hours was probably an 
outs:de limit of the amount which such a filter could treat successfully day in and day out. 
Although we have no actual figures on which to base an opinion, other than those which 
have been already given, we think that it would be safer to place the dry weather flow 
limit lower than 200 gallons. 


The samples usually contained 100,000 B. coli or coli-like microbes per c.c. The 
presumptive tests for B. colicommonly gave a positive result with zpply9p ¢.c. As regards 
the B. enteritidis sporogenes test, out of 16 samples, five, nine, and two yielded 
positive results with jj/goth, ~doth and ;yth c.c. respectively. 





Judging from some of the results obtained in connection with percolating filters at other 
places, this result is to be ascribed to the coarse material in the filter at Knowle and the 
large amount of liquid treated. ; 


We should like, in conclusion, to express our thanks to Mr. F. Wallis Stoddart, F.L.C., 
Mr. T. H. Yabbicom, City Engineer of Bristol, and Mr. Griffin, Manager of the Sewage 
Works, for help in connection with our work at Knowle. 
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LITTLE DRAYTON SEWAGE WORKS. 


DRAYTON RuRAL DISTRICT 


. Situation of works . r a : zi 


Method of treatment - ~~ - 2 : . 


Population draining to works during obser- 
vations 


Water supply in gallons per head and whence 
obtained 


Number of W.C.’s : : : 2 : 


Sewerage system - - : : - : 


. Average dry weather flow of sewage in gallons 


per 24 hours 


. Gallons of sewage per head per day 4 - 


. Character of the sewage - : - - 


Period of observations at Little Drayton - 
Age of filter - : ; : - . = 


Amount of storm water treated on the filter 
during our observations 

Total capacity of tanks in gallons’ - - - 

Total area of filter in yards super - - - 

Total content of filter in yards cube - - 


Nature of filtering medium — - . : : 


Gallons of settled sewage treated per yard super 
per 24 hours (based on the average daily flow) 


Gallons of settled sewage treated per yard cube 
per 24 hours (based on the average daily flow) 


The final effluent is discharged into : - 





FLOW OF 


CoUNCIL. 


About three-quarters of a mile 
from Little Drayton. 

Continuous filtration of  grit- 
settled sewage through a per- 
colating filter of fine material 
(Ducat process) 


1,550 (approximately). 


135 gallons; obtained from 
springs——a fairly soft water. 


90. 

Combined. 

12,000. 

TT 

A very strong slop-water do- 
mestic sewage, containing 


laundry waste. 
March, 1904, to November, 1905. 
Part of it six months and part 
one year old. 


About 8 times the dry weather 
flow. 


No tanks are used. 

315. 

(87. 

Granite chippings from Ceiriog 
and Clee Hill. 

485. 


19°5. 
A ditch which joins the river 


Tern about 14 miles below the 
effluent outfall. 


SEW AGE. 


The sewerage is on the combined system, and the flow becomes largely swollen 
with road and roof water in times of storm. There are, however, two overflows on 
the system, one close to the village and one at the sewage works, but both on 


the main outfall sewer. 


The first of these comes into operation when the flow 


reaches six times the dry-weather flow, but the other diverts the excess of any 


flow above three times the normal. 


It may be taken, therefore, that not much 


more than three times the dry-weather flow ever passes through the two grit chambers 
or on to the filter. 


The flow of sewage was measured continuously for a period of two and a half 


months in January, February and March, 1905. 
wet, so that both dry weather and wet weather flow measurements were taken. 


Part of this period was dry and part 


In 


a dry week during January, which was preceded by dry weather, the average flow 
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amounted to 12,000 gallons per day. This has, therefore, been taken as the dry- 
weather flow. ; 

From 19 a.m. to 6 p.m. on the majority of the week-days, the flow is of a rather 
fluctuating character, averaging in rate two or three times the sewage flow of the night 
or early morning. On Wednesday, which is market-day, the flow in the day hours 1s 
large and subject to greater variations, but on Sunday the whole 24 hours’ flow is 
of a very even character. The highest day’s flow of 14,700 gallons occurred on the 
Wedne-day of the week, and the lowest day’s flow of 10,800 gallons on the Sunday. 


The average daily flow throughout the whole 76 days of gauging (January 13th 
to March 29:h, 1905) was 15,350 gallons, or 28 per cent. above the dry-weather flow. 
The rainfall during this time amounted to 4°65 inches. It is difficult to say how near 
this figure approaches to an average daily flow throughout the whole year at Little 
Drayton ; but it probably gives a rough idea of the volume and it is therefore included 
here and used for calculation. 

Subsoil Water.—In dry weather the gauge recorded an almost steady night flow atthe 
rate of about 7,000 gallons per 24 hours, or more than half the total dry-weather flow. 
The whole of this, of course, is not sub-soil water, a considerable quantity being no 
doubt due to tap leakage; but we think it is to be inferred, both from this and 
from the fact that the flow of sewage remains much swollen for some days after rain 
has ceased, that a considerable quantity of subsoil water or ground water finds its 
way into the sewers. | 

On Diagram S are given some illustrations of the sewage flow at Little Drayton. 


Crude Sewage.—Seven sets of hourly samples, in two series of four and three samples 
respectively, and two chance samples of night sewage were examined chemically. 
The reason for drawing two series of hourly samples was that rain and melting 
snow rendered the first one abnormal, especially as regards suspended solids. The 
analysis of these is, however, instructive, 

The samples of Series A, Nos. 8602, 3605, 3609 and 3612, were drawn from Monday, 
January 23rd, to Friday, January 27th, 1905. Though practically the only rain which 
fell during this time was 0°08 inch on the second day, much road water from melting 
snow entered the sewers on the second and third days, and, in a lesser degree, on the — 
first ; the fourth day was frosty, and the sewage flow normal. 

The chance sample of night sewage, No. 3608, the figures for which are given 
beside those for the hourly samples, was drawn on Wednesday, January 25th, at 
5.30 a.m. It also contained some road water, and the flow was rather greater than 
usual at that hour. 


The following results were obtained :— ~ 




















Hourly Samples. Series A. Parts per 100,000. | Average. ee pean Hane 

7 ‘| No. 3608. 
_Ammoniacal Nitrogen = - ~~~ « (660. and 9°54) i ee 2°34 
Albuminoid Nitrogen - - - - - 1-27 and 1-80) a (2) 0:47 
Total Organic Nitrogen = - = - ~S- S = (2°72 and 2-64) 2 (2) 114 
Oxidized Nitrogen. + . - =e Meer = 0-18 
Total Nitrogen - - - - <1)! °(7-69 t043-68) 10:72 (4) 3°66 
“ Oxygen absorbed” at 27°C. (80°F.) at once Z 1:66 
: . » tn 4 hours (1614 to 33-65) 24:18 (4) 5-94 
Chlorine 25.5 «.-0)= naeeee eae : 5:30 
{ Solids in suspension - - - == (225 to 97-4) | 5270 || 4) 3°70 
(Containing mineral matter- - - - (5:3 to 25-4) 16-80 (4) 1:70 
‘Solids by centrifuge (vols.) -  -  - (118-0 to 802:0*ap.) 298:0 (4) 26-0 


Ratio of solids in suspension to centrifuge 
solids - - - : 


(1:,33.to 1: 8:2) 1: 68 (4) LGU 
* Ap.—=Approximate. 








Diagram S. 


DAY. 
ALL NIL. 


DAY. 
Day) 
NIL. 


Day. 
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vy Lar- 
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ROUND | 
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DIAGRAMS SHOWING FLOW OF SEWAGE at LittLe DRayTon 


AS FALLING OVER A WEIR 8 WIDE. 
Note:- Over'a Weir 8" wide -25 ofan inch = a rate of 3,456. gallons per 24 hours. 


}: inches 
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As was to be expected from the conditions under which they were drawn, these four 
sets of hourly samples of crude sewage were very uneven in composition, but they were 
all strong organically, the sewage being an ammoniacal one and containing much 
oxidizable matter. The first sample was especially strong and contained as much as 
97 parts of suspended solids, no doubt from the washing out of accumulated matter from 
the sewers. The large quantities of grit and mineral matter in the first three sets is 
noteworthy, as showing the effect of the road water. The sample of night sewage, No. 
3608, was by no means weak, being about half the strength of an average sewage. 


Hourly Samples: Series B.—These samples, Nos. 800, 804 and 807, were drawn from 
Monday, April 10th to Thursday, April 13th), 1995, the rainfall for the three days 
amounting to 0°15, 0°02 and 0-0 inches respectively. Although the first day’s rainfall 
was a heavy one, the ground must have been rather dry, for the sewage flow was not 
greatly affected. This series may therefore be taken as representing fairly well the 
quality of the dry-weather crude sewage at Little Drayton. 


The chance sample of night sewage, No. 831, was drawn on Wednesday, April 
12th, at 7 a.m. 


The following figures were obtained :— 











Hou-ly Sumples  Sertes B. Parts per 100,099. Average. | = aaah caee 
Te NO edd 
Ammoniacal Nitrogen-  — - - - - (6°66 to 8°84) ToT (3) 2°89 
Albuminoid Nitrogen-- —- ee - (0-39 to 1:88) 1-41 (3) | 6-35 
Toate Nabesen 4.20 Blok U! D»ye-gete'3 20) 2-76 (eyo oo aE 
Oxidized Nitrogen - - - - Spat ae tes Zt 0-0 (3) | 0-9 
Tice as ee 5. (9°86 to 11-14) al, 1033 (2) 4-34 
“Oxygen absorbed ” at 27° C. (80°F.) at once - (4°87 to 713 6°13 (3) 1°70 
: s 3 in 4 hours (23°15 to 25°73) 24°44 Siiali ihe ty R98 
Cianngaee P| CS - «(1086 to 12°40) 1i-4 (3) 6-84 
Seems | CC .C19-4 ta 32-2) |. 23:90 (2) 10:90 
teeta! mineralmatter ari Gi ei's (3°3 to 9°5) 6:9 (3) 3°20 
Solids by centrifuge (vols.) - . - - (100°0 to 2886) 1310 | (3) | 93°9 
Ratio of solids in suspension to centrifuge 
solids - + -.°-- - Stee A Ot 6G 0) a7 er tomo (8) ibe Srp 

















The sets comprising this second series were, for a crude sewage from a small township, - 
of fairly even composition, and it will be noted that, excepting in the matter of suspended 
solids (24 parts), they were almost as strong organically as the average of Series A. 
The second day's sample had much the greatest quantity of suspended matter (32 
parts), no doubt because of the large volume of laundry water on that day. The: 
dry-weather crude sewage of Little Drayton, therefore, is very strong both in 
nitrogenous matter and in oxidizable matter generally, as measured by the “ oxygen 
absorbed ” test, though the suspended solids are rather low. As has been already seen, 
however, when dealing with Series A, the suspended matter is liable to great fluctuations 
and may at times reach a very high figure. 


The chance sample of night sewage drawn at th’s time, No. 891, was somewhcst 
stronger than the former one, No. 3698. 


Bacteriological Notes.—The results of the Bacteriological Examination of the samp'es 
of crude sewage are considered under “ settled sewage” in a later part of the repors. 
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DETRITUS TANKS. 


Number - - : - - - - : - 2 
Capacity ofeach - - - ° : : - 400 gallons 
Total Capacity - : - : : - - - 800 gallons 


Constru-tion.—The detritus tanks are small tanks constructed at the top in the form 
of an irregular hexagon, the sides coming together at the bottom, where a sludge valve 


is fixed: 
Working.—The tanks are used in series, the whole flow of sewage passing through both 
of them. 


Sludging.—In dry weather the tanks are cleaned out about once a week, but in 
wet weather, owing to the heavy suspended matter brought down in the sewage, it is 
necessary to clean them out more frequently. The sludge is removed by opening the 
sludge valve and allowing the whole of the contents of each tank to flow into 
small sludge lagoons, constructed of earth on the side of the hill. While one tank 
is being cleaned out, the sewage on its way to the filter is by-passed by means of a 
side-channel. The operation usually takes about half an hour, and during that time, 
of course, only one tank is in use. 


Owing to the shape of these small detritus tanks, the removal of sludge from them 
is easy, and is conducted without serious nuisance, but the method of dealing with 
the sludge cannot be called satisfactory, for the lagoons are small and very roughly 
constructed. If, owing to wet weather, it becomes necessary to sludge the tanks 
frequently, the lagoons overflow and the grass land below them becomes wet and 
sodden with sludge. At such times there is also danger of some sludge or sludge 
drainage finding its way into the efflaent channel, which runs down the side of the hill 
a little below the lagoons. As there is plenty of land available, this defect 
in the process could no doubt be easily remedied by digging or ploughing the sludge 
into a plot specially prepared for the purpose. 


Settled Sewage.—The two series of hourly samples of settled sewage, A and B, were 
drawn at the same time and under exactly the same conditions as the two series of 
hourly samples of crude sewage. While the figures of analysis of both are given here, 
Series B will be taken as representing the dry weather flow. In addition, three chance 
samples of settled sewage were also examined chemically. 




















Hourly Samples, Scries A, Nos. 3603, 3606, 3610 and 3613. Partsper 100,000. | Average. | symber of 
Were Sty, oo} - (B10 to 10-01) | 7°73 (4) 
Albuminoid Nitrogen -. tcl. Bee (1:25 to 2°20) 1-68 (4) 
Total Organic Nitrogen - — - the - (2:90 to 4:66) 3:46 (4) 
Oxidized Nitrogen = 2") 2: ewe nt . - . 0-0 (4) 
Total Nitrogen.q.- 22-2 Ge 7) ae see (8:33 to 14°75) 11:21 (4) 
“ Oxygen absorbed” at 27° C. (80° F.) at once- - + ~~ (4°02 to 6:00)| 515 (4) 

R : in dhoure - - (15°71 to 28:57) | 22-07 (4) 
Chlorine -— - 2 ESTEE LERTELAD AR Sa hs (9:04 to 13°60) 10:96 (4) 
(Solids in suspension = - Livesey “pagent Ad OkDEAT Da aan (4) 
\ Containing Mineral matter, "=. 7" 290-17 Aa RRR aeatioo ie erties (4) 
Solids by centrifuge (vols) - + <= ~ (74:0 to 143-0) | 106-0 (4) 


(1: 2-6 to 14-4) gl 137 (4) 


Ratio of solids in suspension to centrifuge solids - 





The four sets of this series were, like the corresponding sets of crude sewage, Series 
A, very uneven in composition, from the effect of the road water. They were brown 
coloured and viscid, with much fine suspended matter, and No. 3606 was noted as 


fj 
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containing some fragments of straw. If contrasted with the crude sewage, they show 
the following differences in figures :— 











Calculated on :— Reduction. 

Total Nitwoseeeeeeeee: CCC OER : : + 5 per cent. 
“Oxygen absorbed” in4 hours - — - io celpieeeeeetals oeult'a: Hews 
Somme i 39, 5 
a matter in solids - - - ‘ = > ‘ 5 ; “ BE oan’ s 
Solids by centrifuge (vols.) — - - - a = 2 = rer r C(t egies 








Excepting, therefore, for a reduction of the suspended solids by about 40 per cent., 
the settlement had made little difference, and the sewage which was sent on to the 
filter was exceedingly strong organically. It is noteworthy that during the four days, 
over which the above samples extended, a liquid containing on the average 30 parts of 
suspended solids per 100,000 (inclusive of 11 parts of mineral matter) was being put 
upon this comparatively fine grained filter. 








Hourly Samples, Series B., Nos. 799, 803 and 806. _—- Parts per 100,000. | Average. SEL C, 








Estimations. 

Ammoniacal Nitrogen - - - - = - - = (648 to 8:82) T54 (3) 
Albuminoid Nitrogen - - - - - - - = (1:08 to 1:23) 1:16 (3) 
Total Organic Nitrogen - - - St cet aa a - - (2°41 to 3:17) 2°79 (3) 
Total Nitrogen - - - «+ = +: =. + ..- (9°28 to 11-99) 10°33 (3) 
“Oxygen absorbed” at 27° C. (80° F.) at once -  - = (3-90 to 4°53) 4:18 (3). 
r 7 A ss in 4 hours : - (16°63 to 20°65) 18°21 (3) 
RE Se ee (10°30 to 13:10) 11:23 (3). 
Solids in suspension -' - - - - - - - (8:90 to 26:00) 19-90 (3) 
aed mineral matter - - - -— - - + (480 to 6°30) 5-60 (3) 
Solids by centrifuge (vols.) - = - - (74:0 to 216-0 approx.) 138-0 (3) 
Ratio of solids in suspension to centrifuge solids - - (1:50 tol: 8:3) 1:72 (3) 





The three sets of settled sewage comprising Series B. were comparatively uniform 
in composition. Like the samples of Series A, they were brown in colour and more 
or less soapy. Comparing them with Series B. of the crude sewage, we find the 
following differences in figures :— 


Calculated on :— Reduction. 
me I [TH DOOM TEPC 8" Foe cont 
Albuminoid Nitrogen . - - - - : LOT ts a : 5 i 18 A 
Total Organic Nitrogen - - - - . - é C A £ 0 ” 
“Oxygen absorbed ” at once —- oi ee ie SS It Avie Pane hepel 32 2 

¥ 3 an 4 hours - - - _ B ? : 2 . A 19 * 
Solids in suspension - - a : , : 2 : ‘ i A : 17 Z 
Mineral matter in solids’ - - - : Pn ge : : : _ z 10 ¢ 
Solids by centrifuge (vols.) - : 4 m : 9 2 2 e i r 24 


a a high percentage reductionffin the centrifuge figure is the opposite of what one would have 
expected. 


6225.—App. ITI. 204 
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by the settlement is seen to be comparatively small. 
1 with a concentrated organic liquid containing 20 
ds, of which 5‘6 parts consisted of mineral matter. 


Here, again, the effect produced 
At this time the filter had to dea 
parts per 100,000 of suspended soli 

It js thus obvious that the sewage which the Ducat filter at Market Drayton has to 
treat is exceptionally strong, and also that large quantities of solids, including 
grit, are allowed to pass on to the filter. 

Chance Samples.—The three chance samples of settled sewage examined, Nos. 34204, 
3600 and 3673, were all drawn in the colder months of the year, the first two in dry 
weather and the last one in wet. 


They gave the following results :— eave 





Parts per 100,000. Average. Hatenatiae 

AmnmmoniacaD Nitrogen’ (ob iee DaDieerita O10. Te ON Ragas TO) a ame (3) 
Albuminoid Nitrogen EL EL WE LURID TT RM RSE” SPREEY el SANE OT ete aed 0:99 (3) 
Total Organic Nitrogen - - - - - - = (1°66 to 2°48) 2°03 (3) 
Total’ Nitropenie?)f! Ot. FO neo eek DNS © AS 0910.18) 6°54 (3) 
““ Oxygen absorbed ” at 27° C. (80° F.) at once - - =- =~ (2°29 to 3°99) 3°21 (3) 
. 4 A 4 in 4 hours- - - (11°66 to 24°87) 16°91 (3) 
Dissolved Oxygen taken up from water in 24 hours at 18° C. (12°30) * (1) 
Chlorine, | -ogeterd -) 00U.G)2 104 Aie> Seen ose nO) 6-99 (3) 
Solids in suspension - - - - : - - - (40°3 and 46:1) (2) 
ae mineral matter — - - - - - - (88 and 26-1) (2) 
Solids by centrifuge (vols.) -  - + = + = (93:0 to 342°0) | 201°0 (3) 
Ratio of solids in suspension to centrifuge solids - - (1: 85and 1: 3°6) (2) 





No. 34204, drawn at 1.10 p.m., was of about the same strength as the hourly samples 
of Series B. and contained 40 parts of suspended solids ; but the other two samples, 
Nos. 3600 and 3673, which were drawn at 10.45 a.m. and 10 a.m., were much weaker, 
excepting for the large quantity of suspended matter in the last sample (46 parts), brought 
down by the rain. It is evident, therefore, that the strongest sewage reaches the 
works at Market Drayton at about mid-day. In general character these chance 
samples resembled the hourly samples which have already been fully described. 


Bacteriological Notes.—¥ifteen samples of crude and settled sewage were examined 
bacteriologically. Six out of the fifteen samples yielded positive results with the 
B. enteritidis sporogenes test with 001 c.c. (1,000 per c.c.). The majority of the 
samples yielded positive results with the B. coli test and presumptive tests for B. coli 


with ‘00001 c.c. (100,000 per c.c.). 











B.S.=Bile salt glucose 
peptone test. 
DesbhidtichlGrome Number of B. Coli} N.R.=Neutral red B. Enteritidis 
ae rhe (or gas-forming broth test. sporogenes L’emarks. 
ae Coli-like Microbes). In, =Indol test. test. 
L.P.M. = Lactose peptone 
milk test. 
3605. Little Drayton 100,000 100,000 B.S. 100 not 1,000 
Crude Sewage. (+- indol) 100,000 N.R. 
25/1/05. (+ clot ) 
3608. Little Drayton | 10,000 not 100,000) 10,000 not 100,000 B.S. 10 not 100 
Crude Sewage. (+ indol) | 10,000 not 100,000 N.R. 
25/1/05. (+ clot ) 
3609. Little Drayton 100,000 100,000 B.S. 100 not 1,000 
Crude Sewage. (+- indol) 100,000 N.R. 
26/1/05. (+ clot ) Toe 
3612. Little Drayton | — 100,000 100,000 B.S. 1,000 not 10,000 
Crude Sewage. (+ indol) 100,000 N.R. 
27/1/05. (+ clot ) 
800. Little Drayton = 10,000 not 100,000 B.S. | 100 not 1,000 
Crude Sewage. 100,000 N.R. 


11/4/05. 





* Sample No. 3673. 


Number of B. Coli 
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| B.S.=Bile salt glucose 


peptone test. 
N.R.=Neutral red 
broth test. 


B. Enteritidis 














Description of the (or gas-formi R k 
gas-forming sporogenes emarks. 
Samples. dg : In. =Indol test. 
- Coli like Microbes). L.P.M.=Lactose peptone ety 
milk test. 
804. Little Drayton ~ 100,000 B.S. 1,000 not 10,000 
Crude: Sewage. 100,000 N.R. 
12/4/05. 
680. Little Drayton 100,000 100,000 N.R. 10 not 100 
Settled Sewage. ( +indol) 
5/5/04. (+clot ) 
3600. Little Drayton 100,000 100,000 B.S. 100 not 1,000 
Settled Sewage. (+ indol) | 10,000 not 100,000 N.R. 
17/1/05. (+ clot ) 
3603. Little Drayton 100,000 100,000 B.S. 1,000 not 10,000 
‘Settled Sewage. (+ indol) 100,000 N.R. 
24/1/05. (+ clot ) 
3606. Little Drayton 100,000 100,000 B.S. 100 not 1,000 
Settled Sewage. (+ indol) 100,000 N.R. 
25/1/05. (+ clot ) 
3610. Little Drayton | 10,000 not 100,000) 10,000 not 100,000 B.S. | 1,000 not 10,000 
Settled Sewage. (+ indol) 100,000 N.R. 
26/1/05. (+ clot ) 
3613. Little Drayton 100,000 100,000 B.S. 
Settled Sewage. (+ indol) | 10,000 not 100,000 N.R.} 100 not 1,000 
27/1/05. (+ clot ) 
799. Little Drayton - 100,000 B.S. 100 not 1,000 
Settled Sewage. 100,000 N.R. 
11/4/05. 
803. Little Drayton - 10,000 not 100,000 B.S. | 1,000 not 10,000 
Settled Sewage. 100,000 N.R. 
12/4/05. 
806. Little Drayton = 100,000 B.S. 1,000 not 10,000 
Settled Sewage. 10,000 not 100,000.N.R. 
13/4/05 
FILTER. 
Number - - - sont L 
Bivee 1s to - . - 79 feet 4 inches by 35 feet 9 inches. 
WATEAS = - “ - - - $815 square yards. 


7 feet 6 inches. 
787 cube yards. 


Depth of material - - m 


Total cubie content - - 


Material.—The filtering material consists of granite chippings from Ceiriog and 
Clee Hill. It varies in size from 3 to ? of an inch in diameter, but is of course not by 
any means spherical in shape. 


Construction. —On a concrete bottom which slopes in one direction, a layer of 3-inch 
agricultural pipes is laid, entirely covering the concrete. Upon this the filtering 
material rests, being held in position by walls constructed of 4-inch agricultural pipes, 
laid with a slight dip inwards. These latter pipes are cemented together and sup- 
ported by six buttressed brick piers on the two sides and two simple brick piers at 
either end. At the sides of the filter every fourth pipe vertically and every sixth 
pipe horizontally is carried right through the material, with the object of admitting 
air into the interior of the bed. The whole filter is enclosed in a brick building with 
a thatched roof, fitted with a large number of ventilators. 
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Distribution.—The grit-settled sewage is carried by pipes to small chambers situated at- . 
each end of the filter, in which are placed screens of $ inch mesh. From these it flows 
into a small channel constructed on the top of the retaining walls round the four sides 
of the filter, and subsequently falls over small weirs in the side channels into 32 rows 
of cast iron tipping troughs, which are supported on the top of the material by means 
of wooden blocks. In all, therefore, there are 64 troughs in 32 rows; they are laid 
two feet apart, and each trough tips on both sides. 


When the troughs are working well, the distribution is good; but they are rather 
apt to get out of order if not attended to fairly often, and, as a rule, something like 
5 or 6 troughs on an average are found every morning to have stopped tipping. Even 
in this case, however, the distribution from a trough which has ceased to tip is not 
entirely bad, owing to the fact that the settled sewage then trickles over the edge and 
so on to the material underneath. On the whole, therefore, although the troughs 
require attention for perhaps an hour, at least once if not twice a day, the method 
may be said to be effective. 


Under-draining.—The layer of 3-inch agricultural pipes completely covering the 
concrete floor serves for the purpose of underdraining. The effluent is brought by 
this means to one side of the filter, and is subsequently carried by means of five collect- 
ing pipes into a main collecting channel on the outside of the building. 


Working.—Since the whole of the filter was brought into use in September, 1903, 
it has worked continuously day and night, receiving the whole daily flow of sewage 
and storm-water sewage up to three times the dry weather flow. Occasionally during 
this time, part of it (and more especially the part which was brought into use in March, 
1903), has required to.be rested and forked, owing to the surface material having 
become rather choked. Although up to the present time (February, 1906) this need 
of rest has not presented serious difficulties in working, the occasions for it are un- 
doubtedly becoming more frequent ; and from the fact that considerable pooling has 
been observable on various parts of the surface during 1905, there can be no doubt 
that the filter is approaching a time when it will be necessary to wash or renew a 
few feet of the upper material. At the end of our observations, in November, 1905, 
the filter could be kept in fairly good working order by constant digging and raking of 
the surface ; but the advisability of this has appeared to us somewhat doubtful, in view 
of the condition of the top foot of the material, as it may tend to allow the suspended 
matter, which is responsible for the local clogging of the surface, to penetrate further 
into the bed. As an expression of opinion, we should say that it will probably be 
necessary to wash or renew the upper part (possibly 3 feet) of the material after the 
winter of 1906-7, that is, after about 4 years working. 


Amount of Settled Sewage treated by the Filter.—On the basis of an averaye daily 
flow of 15,350 gallons, the following quantities are treated ;-— : 

Per square yard per 24 hours” - - 48°5 gallons. 

Per cube yard per 24 hours. - - + 19° gallons. 


On the basis of a dry weather flow of 12,000 gallons per day, the quantities are :— 


Per square yard per 24 hours - - 38 gallons. 
Per cube yard per 24 hours” - : - 15°2 gallons. 


Onsettled Kiluents—Seven sets of hourly samples (in two series, A and B) and four 
chance sampies were examined chemically, three of the hourly and three of the 
chance samples being analysed both in their original state and after separation of the 
suspended solids by filtration through paper or by settlement. The hourly samples were 
of course drawn at the same time as the hourly samples of crude and settled sewage. 
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They gave the following figures on analysis. Series A.—Nos. 3604, 3607, 3611* and 
3614. Drawn January 23rd to 27th, 1905. 





Parts per 100,000. | Average. | umber of 
Ammoniacal Nitrogen - - - - --: = “+ (091 to 1:51) 1:20 (4) 
Pmemincidy Nitrogen = =2- 2 - -CC-t (BD to 0°49) 0-31 (4) 
Total Organic Nitrogn - - - - - - - (068 t01-76) 1-17 4) 
MeaicedsNitropen ~~ .- - - - - - + (800 t0 4-28) 3°57 ae 
Total Nitrogen eats EME Te (5:09 to 7°42) 5:94 (4) 
“Oxygen absorbed” at 27° C. (80° F.) at once -  - (0°62 to 1°56) 0°92 (4) 
%9 % es; ” in4 hours - - (2:29 to 5:99) 3°64 (4) 
Dissolved Oxygen taken up in 24 hours at 18° C. (0°93 to over 3°16) | 2°02 approx. (4) 
Incubator Test (Scudder) - - - - = - - - - 4 passed (4) 
- Wpcovesmelly, ee mg - - - 4 passed (4) 
Smell when drawn pales : pel g apes ~= : - - - 4 good (4) 
Smell when analysed : ore - =a ha ha - - - 4 good (4) 
Chlorine ee (828 to 11°46) 9°88 (4) 
Solids in suspension - - - - - - = (2°70 to 15°60) 770 (4) 
ae Mineral Matter - - - - - - (210 to 9:90) 4°70 (4) 
Solids by Centrifuge (Vols.) Rape Pie i FL (34-4 to 96-0) 52-0 (4) 
Ratio of Solids in suspension to centrifuge solids - (1:62 to 1: 12°7) 1:79 (4) 

c.c. per litre. 

Oxygen in Solution when analysed - yt Ai, Oe ag sie yea), (2) 


In discussing the results of the analysis of the effluents, it is necessary 
to bear in mind that they had undergone no settlement of suspended solids. 
Considering the variations in strength of the on-going sewage, these effluents—apart 
from suspended solids—were fairly uniform in composition. In appearance the 
effluents were of a brownish tint, and—excepting the last sample—they all contained 
large quantities of suspended matter (average 77 parts). They hada clean smell, both 
when drawn and when analysed, and readily withstood incubation, but on the other hand 
they took up an average of 2 parts by weight of dissolved oxygen in 24 hours, z.¢., a 
large quantity (for dissolved oxygen absorption by effluents from which the solids 
had been filtered off); the permanganate absorption figures were also very high. 
The ammonia of the settled sewage had been well oxidized in its passage through the 
filter, only 1:2 parts of ammoniacal nitrogen being left in the effluents, together with 3-6 

arts of nitric nitrogen ; on the other hand, the organic nitrogen still present was very 
high (fully 1 part). Three of the four samples contained appreciable quantities of 
nitrite both before and after incubation—a sign that oxidation of the organic matter 
had not been carried to its fullest extent. 


The above samples may therefore be described as well oxidized effluents from a very 
strong sewage (the flow of which at the time was very uneven), but requiring settle- 
ment of their suspended matter. It is interesting to note here that the amount of 
suspended solids in the four effluents rises and falls with the amount going on to the 


* When No. 3611 was drawn, the surface of the filter had ponded in some places. 


374 
filter in the corresponding sewages, though, of course, not in anything like an even 


ratio, thus :— 
a aR Nc Pca ae ro 


Suspended Solids in :— 











Sewage. Effluent. 

Ist day oa Oe whens oa Pen 35°5 57 
2nd ,, eke ee 45-2 15°6 
3rd_s,, oe Se ae a - 23°3 66 
4th ,, - ee - 16°9 27 
Totals - ‘- 120°9 31°6 





The same applies to the mineral matter in the suspended solids, thus :— 





Mineral matter in Suspended solids in :— 


Sewage. Effluent. 

ist day ti fig Reena Rae . 6°7 29 
Ona ),, - . ° : . 222, 9°9 
3rd ” 5 = 7 a 10°5 37 
4th ,, oi Bee a saa ° 40 21 
TOTES." 43°4 18°6 


No conclusive deductions as to the ultimate choking-up of a filter can be drawn from 
a few observations, but, so far as the above figures go, they are instructive. 


Compared with the samples of settled sewage of Series A, these effluents of 
Series A show the following reduction in figures :— 








Calculated on :— | Reduction, per cent. 

Total Nitrogen +9. (= ep) mo Be eee goa ee ee 47 
Ammoniacal Nitrogen - soy ke : J s 4 s 84 
Albuminoid Nitrogen - oe eae., Meats at ne eireeeic 82 
Total Organic Nitrogen - - - © - 3 : Bok Wer : 66 
‘*‘Oxygen absorbed ” at once - - - . ; 4 S é 82 

a fi in 4 hours - - - - aero 7 : 84 
Solids in Suspension - - - - - 5 : 2 ‘ é 75 
Mineral matter in those Solids -. < f).+ gachadteas do oeos = 57 
Solids by Centrifuge (vols.) - - - 2 . nha: < 51 


Unsettled Efiuents. Hourly Samples. Series B.—Nos. 798, 802 and 805. Drawn 


April 10th—13th, 1905. It will be remembered that these effluents represent fairly well 
the dry-weather flow. | : gE 


875 


The following figures were obtained :— 











Parts per 100,000. LghBeate 3 seat ee 

Ammoniacal Nitrogen - - - © * + = (0°55 to 0°95) 0-78 (3) 
Albuminoid Nitrogon - - - - + + + (O45 to 0-26) 0-22 (3) 
Total Organic Nitrogen - - - - - - - (0°83 to 1:19) 0-96 (3) 
Pidized Nitrogen -..- + + -_ +. =. + £($24to 415) 3°60 (3) 
Total Nitrogen- - - - - ee her ee (4:90 to 5°89) 537 (3) 
“Oxygen absorbed” at 27°C. (80° F.) at once - - - (0°56t00'96) | 0°74 (3) 

9 9 aA) » tm4hours - - (2°46 to 3:28) 2°92 (3) 
Dissolved Oxygen taken. up in 24 hours at 18°C. - - (0°22 to 1:21) 0°74 (3) 
Incubator Test (Scudder) - - - - - =| .- - - { : en (3) 
Incubator Test (by smell) - - - - > - : - - 3 passed (3) 
Smell when drawn - - - - - - - - - - - 3 good (3) 
Smell when analysed- -  - . - - - - - - - 3 good (3) 
ee SO (10-10 to 11°16) 10°55 (3) 

Solids in suspension*  - - - - - - - (11-4 and 8°8) = (2) ' 
Containing Mineral Matter 9-0 o- on) 26> pte > (70 and-3°7) oo (2) 
Solids by Centrifuge (vols.) 2 ities aos ee (49-0 to 62°5) 54:0 (3) 
Ratio, of Solids in suspension to Centrifuge solids - (1 to 55 and 1: 5:7) ees (2). 
c.c. per litre. pa ois 

Oxygen in solution when analysed - - ems ht (6°) — (1) 








As was to be expected, because of the more even sewage seek at the time, the 
hourly effluents of Series B. were very much more uniform in composition than those 
of Series A., and they were also distinctly better in quality. In appearance they were 
bright and clear, and of a brownish tint, with brown-coloured solids. They all had 
a clean smell both when drawn and when analysed, and all readily: withstood incuba- 
tion; they contained, however, on the average, a larger quantity of suspended matter 
(approximately 9 to 10 parts) than the effluents of Series A., but on the other hand 
the figure for the absorption of dissolved oxygen in 24 hours was much smaller (0°74), 
and that for “‘Oxygen absorbed” from permanganate also smaller. The ammoniacal 
nitrogen was only 0°78 part, while the oxidized nitrogen amounted to 3°60. 


These approximately dry-weather flow effluents may therefore be characterised as 
well purified and of good quality, apart, of course, from the meson of suspended 
solids, which require to be settled out. 


If. we again compare the figures for suspended solids and mineral matter in the 
samples of settled sewage, Nos. 803 and 806, with the corresponding figures in the 
effluents, Nos. 802 and 805, we find during these two days as much mineral matter 
leaving the filter as passing on to it; but, z as already stated, no conclusive deductions 
can be drawn from one or two such observations. (The figures for mineral matter 
are given in brackets. ) pet lave: 








Suspended Solids and Mineral Matter in :— 











Settled Sewage. . Effluent. 
i 24-7 ( 63) : 114 (70) 
eg Pe 26:0 ( 48) (aR eee 
: Meat oe 507 (ii) 202 (107) 











* The figure found for No. 798 appears, on internal evidence, to be questionable, so it is not given here. 
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Compired with the samples of settled sewage of Series B., the effluents of Series B 
show the following reduction in figures :— 








Calculated on :— i. Reduction. 

Total Nitrogen -~— - et - - - rik “ 48 per cent. 
Ammoniacal Nitrogen Ly ss oe 8 ene 90 SC, 
Albuminoid Nitrogen- - - - - - = © Sl ean. 
Total Organic Nitrogen ©. 7° => = %) "2- - 69 =, 
“Oxygen absorbed” ut once 5 - - - - - 82 vi 

* Py in 4 hours - : - - - - 84 ‘5 
| Solids in suspension - - - - - - - - 60 fe (two samples) 
(Containing mineral matter - - - - - - & ss re 
Solids by centrifuge (vols.) - eee SS 61 ~ 





Effuents. Chance Samples. Of the four chance samples of effluent examined, Nos. 
34218, 681, 3601 and 3674, the first three were drawn in dry weather and the last one 


in wet. 


The following results were obtained :— 

















Parts per 100,000. | Average. | Number of 
Ammoniacal Nitrogen - - - - - - = = (0:08 to 0°89) 0:57 (4) 
Albuminoid Nitrogen - -  - - - - - = (0:08 to 0:28) 0:18 (4) 
Total Organic Nitrogen - ose ee (0-28 ande0-68) | (2) 
Oxidized Nitrogen - - - - - - ~~ (344 to 659*) 4-51 (4) 
Total Nitrogen {'-'= =). 1) SUT SP TOS ie een (GI Gtonn 7as 5°75 ~ (3) 
Oxygen absorbed at 27°C. (80°F.) at once - - -  - (0°40 to 0°85) 0°62 (4) 
” %) ; in 4 hours - - - (1:23 to 3°80) 2°45 (4) 
Dissolved Oxygen taken up in 24 hours at 18°C. - - - (019 to 2-01) 0°92 (4) 
3 passed 
Incubator test/(Sctidder)s)-0 «-6 asiteyeties igi Set elite eee {2 almost (4) 
passed 
Incubator test: (by smell) ~" =" (°s— =" Se ee ee 4 passed (4) 
Smell when drawn = ‘ : : : - 5 : - - - 4 good (4) 
Smell when analysed - : - - . : - : : - - t4 good (4) 
Chlorine: iris: jy duped) asp eye eee ee (8°65 to 12°22) 10°66 (3) 
Solids in suapension - “2 2 29 Ye 280 2 Wee Una iota) + (2) 
Containing Mineral Matter - - - - - -  - (29and 11°4) pa (2) 
Solids by Centrifuge (vols) - - - + += + = (123t0960) | 390 (4) 
Ratio of Solids in suspension to Centrifuge solids - - (1: 45 and 1: 4°9) = (2) 
rane Eee oe cs Q) 


Oxygen in solution when analysed - + ©. 2° - (29 and 58) 
* Probably too low. 
+ No. 34218 had an unpleasant fishy smell after incubation, but it still had plenty reserve of nitrate. 
} Assumed in the case of No. 3601. 


J 
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In general character and appearance these chance samples of effluent resembled the © 
hourly samples already described and, taking them all together, they showed a higher 
degree of purification than the latter. They all withstood incubation. A few words 
may be said about them individually :—- 


No. 3421B, drawn in dry weather in March, 1904, was, relatively speaking, a poor 
sample but still very well nitrated. Though containing not more than 6 parts of» 
suspended solids, it took up 2 parts of dissolved oxygen in 24 hours, the liquid portion 
taking up 0°8 part; much nitrite was present after incubation and the incubated liquid 
had the peculiar unpleasant (but not putrid) odour which usually accompanies this. 


No. 681, drawn in dry weather in May 1904, was an effluent of very high class, 
containing practically all its nitrogen in the oxidized form (6:5 parts nitric nitrogen) 
and taking up only 0:19 part of dissolved oxygen in 24 hours. Judging from the 
centrifuge figure, it contained only about 2 parts of suspended solids. 


No. 3601, drawn in January, 1905, at 10°50 a.m., was a sample of particular interest, 
representing as it did an effluent taken after a short period of severe weather, the cold 
on the preceding eveniw¢ having been so intense as to freeze the sewage in the tipping 
troughs. It was a good sample and well oxidized [nitric nitrogen 42; 
suspended solids about 3°0; dissolved oxygen taken up 0°66 (0°32 by the liquid alone). 
This shows either that the frost had not had time to affect the working of the filter or 
that the filter had recovered itself during the night. 


No. 3674, the last effluent examined, was drawn during a period of wet weather in 
November, 1905, the storm overflow just working at the time. It was one of the less 
well purified samples and contained as much as 198 parts of suspended solids (of which 
11:4 were mineral), But again it was well nitrated (8°7 parts nitric nitrogen) and, 
though it took up 0°81 part of dissolved oxygen in 24 hours, three-fourths of this 
absorption was due to the suspended matter present. | 


The following table of figures is interesting as showing the effect of the suspended 
solids, in six of the effluents examined, upon the figures for absorption of dissolved 
oxygen from water and from permanganate. In every case the samples were examined 
(a) with the contained solids, and (>) after filtration through paper, excepting that 
Nos. 3604 and 3614 were well settled instead of being filtered. 












































Oxygen absorbed from | Dissolved Oxygen 
Solids b Incubator Test. Permanganate taken up from Water 
Number of | Solidsin | Go inte at 27° C. at 18° C. :— 
Sample. Suspension. (Vols. 
Scudder. | Smell. | Aé once. | Jn 4 hours. \In 24 hours. ae 
3604- - - -| 5-70 360 | Passed | Passed Ov hs 3:32 2°40 a 
3604 - - - - — saith) Passed | Passed 0°73 2°88 2°14 — 
(Settled one 
hour after 
taking from 
basket) 
461i = -|° “6-60 410 | Passed | Passed} O71 | 296 158. |..— 
3611- - - - — —_ Passed | Passed 0°68 2°12 0:70 _ 
(Filtered) ; 
S614 - - - - 2°70 34°4 Passed | Passed 0°62 2°29 || 0-93 =H 
3614- - - - — _ Passed | Passed 0°53 2°15 0°68 — 
(Settled for 
two days) 
2401p - - -| 6:30 200 |{ Dimes! || Passed*| 0-74 3:17 2-01 | — 
3421n - - - = — Passed | Passed* 0-66 2°30 0-73 -= 
(Filtered) | 





* See remarks on No. 3421B, above. 
6225—A pp. ILI. 3B 
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Dissolved Uxy gen 














Ox ygen- absorbed from 
iki. Solids by Incubator Test. | posnan ganate at 27° C. taken up wae water 
Number of Solids in Cantntane at 188 C. :— 
Sample. Suspension. (Vols. a 1 ean saee eho Seen : 
Scudder. | Smell. | At once. | In 4 hours. |In 24 hours. 1 ie 
ays. 
3601/2 ih) #80 176 | Passed | Passed 0:50 161 | 066 Lee 
(approx.) 
601- - - - — — Passed Passed 0°34 1:25 0°32 ee 
(Filtered) (practically) 
3674 - - - - 19°80 96°0 Passed | Passed 0°85 3°80 0°81 3°60 
678 do” Biehe ae Passed | Passed | 0:60 1:86 022 | 0-73 
(Filtered) 
Averaye ligures, 
(a) Originl | 7-4 420 | All passed) All 0-70 2:86 1:40 mS 
Effluent | (approx.) passed | 
(b) Filtered or} ‘Trace Trace | All passed} All 0°59 2°09 0°80 — 
Settled Effluent passed 











The above figures explain themselves. They show that the suspended solids present 
in the effluents, while brown coloured (7.e., with the iron present in the more highly 
oxidized form), are still capable of taking up appreciable quantities of oxygen from 
water and also from permanganate. In this case the absorption of dissolved oxygen 
was the more delicate test of the two, the difference in the absorption by the original 
and filtered samples being 43 per cent., while in the case of the 4 hours’ permanganate 
test it was 27 per cent. The comparative figures for absorption of dissolved oxygen 
given by the original and the filtered samples of No. 3674 in 5 days are worthy of. 
note; this sample contained an exceptionally large quantity of suspended matter, 
as it was drawn during a period of wet weather. 


Bacteriological Notes.—Ten samples were examined bacteriologically. The B. coli 
test and presumptive tests for B. coli usually yielded positive results with ‘001 c.c. to 
‘0001 c.c. (1000 to 100,000 per cc.). The results were less satisfactory as judged by 
the B. enteritidis sporogenes test. It not uncommonly happens that, in the case of 
percolating filters, the results are better by the B. coli testthan by the B. enteritidis 
sporogenes test. : 


B.S.= Bile-salt glucose 


Number of B. peptone test. 
Description of the | coli. (or gas-form- N.R.=Neutral red broth 


Samples. ing coli-like In Teal test 


microbes). L.P.M.=Lactose  pep- 
tone milk test. 


B, ewtaritidis 


Remarks. 
sporogenes test. . 


3421n. Little Drayton |10,000 not 100,000) 10,000 not 100,000 N.R. 10 not 100 
filter effluent, . (+ indol) 





8/3/04. (++ clot) 

681. Little Drayton | 1,000 not 10,000 | 1,000 not 10,000 N.R. 10 not 100 
filter effluent, (— indol) 
5/5/04. (— clot) 

3601. Little Drayton | 1,000 not 10,000 | 1,000 not 10,000 B.S. 100 not 1,000 
filter effluent, ~ (+ indol) 10,000 not 100,000 N.R. 
17/11/05. (+ clot) 

3604, Little Drayton {10,000 not 100,000; 10,000 not 100,000 B.S. | 100 not 1,000 
filter effluent, (+ indol) 10,000 not 100,000 N.R. 
24/1/05. (— clot) 











* Calculated from the centrifuge figure 
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B-S.=Bile-salt glucose 
peptone test. 


Number of B 
Description of the coli (or gas-form- DE oe B. enteritidis R 1 
Samples. ing coli-like is Tn atone sporogenes test. igmetesy 
OSE) L.P.M.=Lactose pep- 


tone milk test. 





3607. Little Drayton |10,000 not 100,000) 10,000 not 100,000 B.S. | 100 not 1,000 





filter effluent, (+ indol) + | 10,000 not 100,000 N.R. 
25/1/05. | (+ clot) 

3611. Little Drayton — 1,000 not 10,000 B.S. | 1,000 not 10,000 
filter effluent, 100,000 N.R. 
26/1/05. 

3614. Little Drayton | 1,000 not 10,000 | 1,000 not 10,000 B.S. 100 not 1,000 
filter effluent, (+ indol) 1,000 not 10,000 N.R. 
27/1/05. (+ clot) 

798. Little Drayton = 1,000 not 10,000 B.S. 10 not 100 
filter effluent, 1,000 not 10,000 N.R. 
11/4/05. 

$02. Little Drayton — 1,000 not 10,000 B.S. 100 not 1,000 
filter effluent, 10,000 not 100,000 N.R. 
12/4/05. 

$05. Little Drayton — 10,000 not 100,000 B.S. 10 not 100 
filter effluent, 1,000 not 10,000 N.R. 
13/4/05. 








Effect of Temperature upon the Working of the Filter.—The observations upon 
temperature at Little Drayton included a series of measurements taken every few hours 
over a period of four days, together with isolated measurements made on the occasion 
of each visit to the works. The lowest effluent temperature noted was 45°C. (40°1°F.). 


We were fortunate enough to witness the effect of a short spell of very severe weather 
at Little Drayton. Following some ordinary cold frosty weather, there came on the 
evening of January 16th, 1905, a sudden blizzard and, although the temperature at the 
time was not extremely low (—60°C. or 21°2°F.), its effect, when accompanied by 
the high wind, was unexpectedly marked. Notwithstanding the thatched building 
which encloses the filter, the distributing troughs were practically all frozen up within 
‘a quarter of an hour and the temperature of the effluent went down to 45°C. (40°1°F.). 
Probably, if the blizzard had continued, the effect upon the effluent would have been 
serious; but it only lasted for about an hour, and the troughs then quickly thawed 
again and recommenced working. 


We have coneluded from our observations that the ordinary variations of atmospheric 
temperature have but little influence upon the working of the filter, and that only very 
exceptional cold would have a serious effect. It may be added, that, as the filter is 
enclosed in a building, it would be a simple matter to warm it artificially, if necessar,. 


SUMMARY, 


The dry-weather crude sewage at Little Drayton is very strong organically and also 
bacteriologically, though it contains only a moderate quantity of suspended solids. In 
times of storm, however, the suspended solids may rise to a very high figure, the increase 
being due partly to the washing out of the sewers and partly to mineral and other 
matter brought down by road water. The main reason for the strength of the sewage, 
notwithstanding that some subsoil water gains access to the sewers, is the small 
consumption of water per head of population, in a district consisting for the most part 
of small houses. The whole of the sewage and storm water, up to three times the dry- 
weather flow, is treated by the installation at the works. 


The grit-tanks are well arranged and easily emptied, but they are so small as to 
effect only a very partial settlement of the grit, etc., from the crude sewage. Th> 
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average figures for suspended solids in the two series of hourly samples of the crude 
and settled sewage were :— 
' Crude Sewage. Settled Sewage. 


“Series A (wet weather) =i sat a] 7 in, See 23y 30°2 
Series B (dry weather) - - - - 342 19:9 


Large quantities of suspended matter, including grit, therefore pass on to the filter, 
and although much of this escapes with the effluent, more goes on than comes out. As 
it cannot all be digested in the filter, the filter must eventually become clogged. We 
think it likely that, in three to four years from the time when the filter came into 
operation, it will be found necessary to wash or renew the upper half of the filtermg 
material. The local authorities, we understand, do not anticipate that such washing 
will be attended by any serious difficulty or expense; should this surmise prove to be 
correct, then it is probably better and more economical to work the filter on the 
present system, and to have ouly a very little sludge from the grit chambers to deal 
with, than to institute larger settling tanks with correspondingly more sludge. 


At the present time the method of dealing with the grit-chamber sludge cannot be 
considered satisfactory, the sludge lagoons being too small and without proper drains. 
' As, however, there is plenty of land available, no difficnlty ought to be-found in 
remedying this at small expense. 


The settled sewage contains about 40 per cent. less of suspended solids than the 
crude, but for a settled sewage it is exceedingly strong. The dry-weather hourly 
samples showed about 20 parts per 100,000 of suspended (including 5°6 parts of 
mineral) matter passing on to the filter. 


One of the features in the construction of the Ducat filter consists in the short porous 
pipes of which the walls are built and the longer pipes which pass through the whole 
breadth of the filter. 


The quality and size of the filtering material and the depth of the filter are points 
of great interest. The small granite chippings which constitute the filtermg medium 
are neither porous nor vesicular, and they are evidently of a lasting character. If the 
pieces of granite were larger, or if the filter were a shallow one, the strong sewage 
would no doubt pass through too rapidly for adequate purification. Theoretically, 
therefore, a filter built of material of this nature should be rather deep, and the 
fragments of which it is composed should be rather small, although, on the other hand, 
this fineness of material induces a tendency to clog. These are the conditions actually 
found at Little Drayton. 


The distribution of the sewage effected by the tipping troughs is, on the whole, good, 
but the troughs require daily attention, some five or six out of the sixty-four in use being 
generally found out of order daily: still, they are quickly put right again. For small 
volumes of sewage this method of distribution has distinct advantages, in that the tipping 
of a trough is not dependent upon any particular rate of flow, the length of the period 
of time between two successive tippings being the only variant. An influx of storm 
water, therefore, introduces no difficulties here. Further, it is very unlikely that many 
of the troughs would get out of order at the same time, and hence the distribution as a 
whole must remain very consistent. 


‘The filter treats up to three times the dry-weather flow of sewage, any excess 
being diverted on to the sloping side of a grass field by the storm overflow situated at 
the works. Taking as a basis the gauge measurements made for the Commission 
between January 18th and March 29th, 1905, the filter treats on the average 48°5 gallons 
of roughly settled sewage per square yard, or 19'5 gallons per cube yard, per 24 hours. 
Although the actual volume treated is thus small, it must be borne in mind, on the other 
hand, that the sewage is a very concentrated one and that the settled sewage still contains 
much suspended matter. 


The effluents examined, apart from the suspended matter which they contained, 
were for the most part well purified both chemically and bacteriologically. They were 
invariably well nitrated and showed a good percentage reduction in the figures of 
analysis, when compared with the settled sewages. In no case has a putrefactive 
effluent been obtained. At the same time the liquid portion of the effluent, though 
highly nitrated, was still in some cases capable of taking up appreciable quantities 
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of dissolved oxygen. The effect of the suspended solids in the effluent is clearly shown 
by the figures for the absorption of dissolved oxygen in 24 hours by six of the 
effluents (a) with and (b) without those solids, the average of the figures being (a) 1°40 
and (b) 0°80 parts of oxygen taken up per 100,000 of effluent. 


That the effluents require settlement of their suspended solids is further borne out by 
some observations made upon the small stream or ditch into which the effluent flows. 
Although on no occasion have any objectionable growths been noticed in this little 
water-course, and the liquid has always- been clear and-clean looking along the whole 
distance of 13 miles until the river Tern is reached, some of the mud at the bottom of 
the ditch was seen to be black and putrefactive when it was stirred up. The constant 
flow of well diluted and well nitrated effluent prevents this being noticeable unless the 
mud is actually taken up and examined. It should be added, however, that it is 
occasionally necessary to scoop out the settled matter which accumulates in the ditch 
at the point of the effluent outfall. 


__ No nuisance from smell has ever been observed at the Little Drayton works excepting 
during the short time that the detritus tanks are being sludged, and even then it is 
only slight. Indeed, on the whole, the works are unusually free from smell. Another 
point that is worthy of being borne in mind is that the general appearance of the works, 
with the filter enclosed ina nicely thatched building, is inno way suggestive of sewage 
disposal. These two features of the Ducat process might in some cases constitute strong 
arguments in its favour. 


We should like, in conclusion, to express our thanks to Mr, G. A. Craig, the Surveyor 
of the Drayton Rural District Council, and to Mr. George Holland, the Manager.of the 
Sewage Works, for help given to us in connection with our work at Little 
Drayton. 
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MAIDSTONE 


SEWAGE WORKS. 


(CorPORATION OF MAIDSTONE). 





_ Situation of works - E ‘ : 


- Method of treatment ° : q s 


. Population draining to works (in 1908) - : 
. Water supply per head and whence obtained - 


. Number of W.C’s - - - : : ‘ 
. Sewerage system - - ; : : » 


. Average dry weather flow of sewage in gallons 


per 24 hours (1903) - . 7 : ‘ 


. Gallons of sewage per head per day : : 


. Character of the sewage - ; - - . 


Period of observations - 2 2 : : 
Age of contact beds - - - - - 


Amount of storm water treated on filters during 
observations . . - J d ; 


Total capacity of tanks in gallons” - ot 
Total area of beds in yards super - a é 


Total cubic content of beds in yards cube 


. Nature of filtering medium - : - - 


Gallons of settled sewage treated per yard super. 
per 24 hours (both beds included) x 3 


Gallons of settled sewage treated per yard cube 
per 24 hours (both filters included) — - : 


Final effluent is discharged into — - - - 


About 14 miles from the centre 
of the Town. . 


(1) Chemical precipitation and 
continuous flow subsidence; 
(2) Crude sewage on double 
contact beds. 


34,000. 


165 gallons. From two sources : 
the Jower green sand and the 
chalk—a fairly hard water. 


6,200 


Partially separate. 


1,500,000. 

44:1 

A domestic sewage containing 
large quantities of brewery 
and tannery waste, and some 
strongly alkaline waste from 
paper mill. 


November, 1902, to October,1903 


Four years. 


None treated specially ; the filters 
treat a constant quantity of 
sewage. 


200,000 (roughly). 
395 
5045 


Clinkers :—primary bed, every- 
thing above 2 inch ; secondary 
bed, everything ander } inch, 
excepting dust. 


30 


23°7 
The river Medway. 


FLOW OF SEWAGE. 


The greater part of the rain falling upon the roofs of the houses finds its way 


quickly into the sewers, and comparatively small amounts of rain affect the 


general flow of sewage. 


As a rule, however, the volume of sewage is only greatly 


affected during the time that the rain is falling, and the flow diminishes rapidly when 


ff 
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the rain.ceases. Storm water thus brought to the works is usually of a very foul 
character, especially if the rain occurs after a long period of dry weather, when the 
putrefying solids from the house gutters and the sewers are flushed down to the works. 


The estimated maximum flow which the sewer will carry is between eight and nine 
million gallons per 24 hours, and as it has been seen running full on several occasions, 
it is fair to suppose that something like that rate of flow is reached at times, for short 
periods. We have, however, made no actual gaugings of storm flows at Maidstone. 


There are five storm-overflows on the system. They are set so as to come int» 
operation when the flow reaches five or six times the dry weather flow. 


Owing to the fact that the small contact beds, whose study was the main object 
of the observations at Maidstone, receive only a small and constant quantity of 
sewage, it has not been necessary to make elaborate gaugings of the total flow of 
sewage. It was necessasy, however, in order to ascertain the character of the sewage, 
to take average samples of it, and the gauge, to record the total flow, had therefore 
to be put down. On these gaugings, the dry weather fiow at Maidstone during 1903 
has been estimated at approximately 1,500,000 gallons per day. Except for a slight 
rainfall on one of the days, the week in which the measurements were made was a dry 
one, and was preceded by dry weather ; but the summer of 1903 was unusually wet, 
and the probability is that the measurements recorded are therefore somewhat high. 


Another circumstance which militated against accuracy in the measurements was 
that the weir was flooded for short periods by the tide twice a day. 


The general flow of sewage was in the proportion of four volumes in the daytime 
to one at night. The highest day’s flow of the week occurred on the Monday, Tues- 
day and Wednesday, and the lowest flow, which was considerably less than the flows 
on the other days, occurred on the Sunday. 


Subsoil Water.—During the early morning of most of the days in the dry week men- 
tioned above, the flow of sewage was at the rate of about 450,000 gallons per 24 
hours. This is evidence of the presence of a considerable quantity of subsoil water. 


Crude Sewage.--Six samples in all were examined, including three sets of hourly 
samples, Nos. 3,249, 3,253 and 3,256, drawn in September, 1903. No rain fell when 
the first and last of these were being taken, but during the sampling of the middle 
one, No. 3,253, there was a rainfall of 0:30 inch on dry ground; the flow for that 
day was therefore somewhat swollen with roof water. The average figures will thus 
probably indicate a slightly more dilute sewage than the reality. Alongside are placed 
the figures of analysis of a sample of weak night sewage, No. 3,052, drawn on 
September 28rd, 1903, at 5 a.m., ze. on the day succeeding that on which the 0:30 
inch of rain fell. The following results were obtained :— 








eee 


No. 3252. 








Parts per 100,000. Average. sb Deas es Night 
ewage. 

Ammoniacal Nitrogen - - - - - (2°94 to 4°04) 3°51 (3) 0:58 
Albuminoid Nitrogen - - - - - (1:41 to 1°69) 1:52 (3) | 0:38 
Total Organic Nitrogen - - - - - (2:11 to 3:04) 2°62 (3) 0:42 
Oxidized Nitrogen - - - - - - 0:0 (3) 0:0 
lieal Nitrogenys 6 - gpreiit yc 008.b = (0.00867) to. 6°76) 614 (3) 1.00 
“ Oxygen absorbed ” at 27° C. (80° F.) at once - (3°38 to 5-07) 4:46 (3) 0:54 

Se : » mAhours (1714 to 2525) | 21-03 (3) 3:56 
re nero a. cant i - |. cooodT22ito 8:16) 774 | (8) 
Solidsin Suspension- - - - - - (28:1 to 44:5) 34°80 (3) 6-0 
Solids by Centrifuge (vols.) . Se Pa AG (215 to 307) 275:0 (3) 
Ratio of Solids in Suspension to Centrifuge | 

Solids = sot akan es - (1: 68 to1: 93) L731 (3) 
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All these sets of samples contained tannery waste, and at least two of them 
brewery waste, the latter preponderating in the third day's sample, No. 3,256. The 
suspended solids were coarse, in dark brown lumps, and included hairs, skin, etc., while 
all the samples had a very unpleasant smell. The average figures of analysis show 
the Maidstone crude sewage to be very strong as regards organic matter, though 
not specially strong in an ammoniacal sense. The presence of so much brewery waste 
must tend to make the sewage a difficult one to purify, and one joint effect of the 
tannery and brewery wastes is to give rise to a liquid which rapidly acquires a most 


offensive odour. 


The sample of weak night sewage was only about one-sixth as strong as the average 
samples. | 1 


The figures of analysis of the other two chance samples of sewage examined 
may also be given in detail, as further illustrating what has just been said about the 
nature of the sewage ; the second sample contained a large quantity of yeast cells : — 


No. 471. Crude 
Sewage from inlet Sewage, containing 


‘ brewery and tan 
Parts per 100,000. vee cay Ha refuse,drawn Tues- 
ys ; ’ | day, January 27th, 


1902, 3 p.m. 1903, 2.30 p.m. 


No. 3061. Crude 


Ammoniacal Nitrogen - - : - - - OE es 8°74 ~— 
Albuminoid Nitrogen - - - - - - - - - 2°51 — 
Total Organic Nitrogen - - - : ; ASE - > 4°79 — 
Total Nitrogen - . . - - : - - - - 13:53 13°35 
‘Oxygen absorbed ” at 27° C. (80° F.) at once idles ine 6°64 6:23 
%3 %3 ¥9 . in 4 hours - . - - 34:38 24:32 
Chlorine... = .o5) gy te ey ag poe ee 13°60 10°60 
Solids by Centrifuge (vols.) - - - “3, i. ITS - — 720:0 
“Cellulose” - : - - - lla . apgak. - — 21°44 





Bacteriological Notes.—Three samples of Maidstone crude sewage were examined 
bacteriologically. They all yielded positive results with ‘00001 c.c. (100,000 per c.c.) 
with the B. coli, neutral red broth, indol, lactose peptone milk and bile-salt glucose 
peptone tests. One sample contained 100 and the other two samples 1,000 spores of 
B. enteritidis sporogenes per ¢.c . : 


» 


N.R.=Neutral red broth 


test. 
DéeseSotion of In.=Indol test. B. Enteritidis. 
Ri oe 2 B. Coli test. L.P.M. =Lactose peptone sporogenes Remarks. 
Pay aed eae milk: test. test. 
B.S. =Bile-salt glucose 
peptone test. 
3061. Maidstone Crude 100,000 N.R.=100,000 1,000 not 10,000 “Gas” test 
Sewage, 24/11/02 (+Lindol) In. =100,000 +001 c.c. 
(+clot) L.P.M.=100,000 . 24 hours at 20°C. 
B.S. =100,000 
471. Maidstone Crude 100,000 N.R. =100,000 1,000 not 10,000 “Gas” test 
Sewage, 27/1/03 (+-indol) In. =100,000 +001 c.c. 
(-+-clot) L.P.M.=100,000 24 hours at 20°C. 
B.S. =100,000 
3252. Maidstone Crude a N.R. =100,000 100 not 1,000 


Sewage, 23/9/03 
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GENERAL PROCESS. 


Screens and Detritus Tanks.—As it flows into the works, the sewage passes two 
half-inch screens. These remove, as a rule, large suspended matter amounting to 
about nine barrow loadsa day. Sometimes the quantity amounts to twice asmuch. The 
screenings are given away free to farmers. 


Grit Chambers.—The sewage passes through grit chambers before entering either of 
the precipitation tanks. They are of different sizes, however, the grit chamber at 
the entrance of No. 1 tank being a small one, while that at the entrance of No. 2 tank 
is larger, and holds about 2,700 gallons. Both are cleaned out every other week. 


PRECIPITATION TANKS. 


Number - : : : : - 2. 


mizeroleach= --ye > -  - No. tank, (roughly) 158 

. feet by 27 feet 9 inches 

* (at the top), with an 
average depth of 4 feet 
4 inches. 


No. 2 tank, (roughly) 157 
feet by 28 feet 6 inches 
(at the top), with an 
average depth of 4 feet 


w 


5 inches. 
Capacity of each tank ~— - - - Roughly, 100,000 gallons. 
Total capacity - : ; : - Roughly, 200,000 gallons. 


Construction.— Brick and cement tanks, No. 1 containing three submerged walls at 
intervals, and No. 2 containing no walls. The bottom of No. 1 tank is flat, and the 
side walls meet it at a curve; but in No. 2 tank, which was originally constructed 
in the same way as No. 1, the side walls are now brought in to such an extent, one in 
a straight line and the other with a configuration like the letter “5S,” that they almost 
meet. The reason for this alteration was because of leakage from the river or from 
springs. | 

The Precipitant.—Lime is the precipitant used. It is ground with water and added 
as milk of lime. The amount added is equivalent, on a flow of one and a half million 
gallons per day, to about 5 grains per gallon. 


Flow Through.—With a dry weather flow of 1,500,000 gallons per day, the flow 
through the tank would be once in 16 hours, at the rate of 19°3 inches per minute. 


Working.—The tanks are used separately. In the case of No. 1, the sewage 
enters the tank over a long horse-shoe sill extending right across the tank, and in 
doing so it also passes a half-inch screen. In No. 2 tank the sewage flows from the 
erit chamber over a wall, which acts as a sill while the tank is filling, but becomes a 
submerged wall when the tank is full. The tank liquor issues from the tank in both 
cases over a long sill protected by a scum board, and then flows direct to the tidal 
waters of the river Medway, about two miles further down towards the sea. 


Sludging.—Each of the tanks is cleaned out every other week by pumping the 
sludge, after the supernatant liquid has been run off, either direct to the sludge 


presses or to a lagoon. \ 


The sludge in No. 1 tank is pushed into a sludge sump for this purpose; but in 
No. 2 tank, owing to the fact that the shape of the bottom of the tank makes it 
impossible for mes to enter and assist the flow of sludge with squeegees, it has been 
found necessary to bring a suction pipe of the pump into the tank and carry it a 
considerable way along its length. This pipe previously withdrew sludge from three 
small sumps, placed at intervals, but it now only withdraws sludge from one sump near 
the inlet end, and a consequence is that the tank is never properly emptied. The 
importance of this will be readily seen when it is stated that it results in the remain- 
ing sludge becoming septic ;- the evolution of gas which is continually taking place in 
this tank, during wet weather especially, has the effect of undoing some of the 
settlement of suspended matter. 
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Both the pressed cake and the air-dried sludge are tipped together on the works. 
Farmers are paid sixpence a ton for taking away the cake and sludge including loading 
and unloading in the barges. 


Considerable nuisance arises from the’tanks’in the ordinary working, and itis much 
accentuated when the sludge is being removed from them. 


Precipitation Liquor—Three sets of hourly samples and three chance samples were. 
examined chemically,.. .The hourly, samples, Nos. 3250, 3254 and 3257, drawn in. 
September, 1908, under the same conditions as the hourly samples of crude sewage, - 
gave the following figures on analysis :— 

















Paris per 100,000. | Average. pare 2 

Ammoniacal Nitrogen a Oh - : : . - (317 to 4:05) 3°53 (3) 
Albuminoid Nitrogeniys (jsA¢ -git- pie > “Sea 1-0 9lste 104) 0:99 (3) 
Total Organic Nitrogen : - - - : - - (1:64 and 1-64) 1°64 (2) 
Oxidized Nitrogen - - = : : : 2 = ; 0-0 (3) 
Total Nitrogen fis @- t4q7 RO aaa ee - = (5°69 and 5-02 5:36 (3) 
“Oxygen absorbed” at 27°C. (80°'F.) at once - - - (212 to 2°69) 2°43 (8) 

M = e ig > in 4 hours - : - (9:34 to 11:40) 10°71 (3) 
Chlorine - : - - : : : - ; - (6°44 to 8:38) | 751 (3) 
Solids in suspension — - - . : : : - - (12:3 to 158) | 14:0 (3) 
Solids by Centrifuge (vols.) - - : : : : - (77010900) 840 (3) 
Ratio of solids in suspension to Centrifuge solids - (1:53 tol: 73)4,.1: 61 7 (3). 





These figures show that the average precipitation liquor at Maidstone is very strong. 
Like the sewage, it has an unpleasant smell, though the smell is less pronouncéd. ‘The 
settlement after precipitation is not a good one, 14 parts of suspended solids being left 
in the liquor. ; 


It-will be seen that the figures for ammoniacal nitrogen in the hourly sets .of crude 
sewage and of precipitation liquor are almost identical, viz., 3°51 and 3:53, and the 
same with the figures for chlorine :—7‘74 and 761. The two sets are therefore strictly 
comparable. The. precipitation: liquor: shows ‘the. following reduction figures on. the 
sewage :— 


Caleulated on‘ =the — albuminoid 


dupitregemise és. . - 5 45 985-per-cents: reduction. . 
Calculated::on; the. total. organic 

nitrogen* . - vest? af oF ceed ODUga . : 
Calculated on '‘toxygen' absorbed ” 

at once : ~ She gi 46 yy +9 tr 
Calculated:on’“ oxygen absorbed ” 
~-in'4 hours - 2 UI - 49 ,, :; Y9 
Calculated on suspended solids 60 ,, 7 ce 
Calculated . on. centrifuge. solids 69 ..,,, r 3 


The figures. of analysis of the three chance samples. of precipitation liquor may also 
be given separately here... It. will be seen that the first of these, No. 472, was abnormally 
strong, from the. presence in it of brewery refuse, with an excessive amount of suspended 
solids, although the turbid liquid. did not appear to contain a great deal; in other 
words, the solids were very light.and difficult to settle. No. 3195 was also very strong 


* Two samples in each case. 
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for a precipitation liquor and contained also far too much suspended solid. No. 3233 
was of about the same strength as the average samples. 


No. 472. No. 3195. No. 3233. 
Parts per 100,000. hatucs ne July 2000. 1903, Rae ore 
: 1903, 3.45 p.m.| 11:25am. | 1903, 2:30 p.m. 

Ammoniacal Nitrogen : : : : : 2 6-77 tae = 
Albuminoid Nitrogen - , < 4 _ - 1:97 thes Ag 
Total Organic Nitrogen - : - : - - 4°61 — _ 
Total Nitrogen SE Peete a SO VER weak - 11:38 — | 6°76 
“Oxygen absorbed ” at 27° C. (80° F.) at once - — - 12°42 4-95 2°87 

- 3 * ‘- » m4 hours - 38°16 16:27 11:31 
Chlorine -— - - : - - - . - 11:06 — — 
Solids in suspension - - - - - - . 46°9 24:8 13°8 
Solids by centrifuge (vols.)- - - — - ee 282:0 126°0 91:0 
Ratio of solids in suspension to centrifuge solids - 1:60 1:51 1:66 
“Cellulose” js) =f ese HOI - 787 tt a 


Bacteriological Notes.—Three samples of precipitation liquor were examined 
bacteriologically. The B. coli test and presumptive tests for B. coli (neutral red broth, 
indol, lactose peptone milk and bile salt glucose peptone tests) yielded positive resuits 
with 00001 c.c. (100,000 per c.c.) All three samples ‘contained 1,000) spores of 
B. enteritidis sporogenes. per c.c. Sample‘ 472~contained 2,800,000 microbes per c.c. 
(agar at 37° C). 


N.R. = Neutral red broth 


test. 
Description of B. coli In. =Indol test... B. Enteritidis 
Cage , aia ; L.P.M. =Lactose peptone sporogenes Remarks. 
Sample. Oe milk test. test. 
B.S.=Bile-salt glucose 
peptone test. ‘ 
472 Maidstone Precipi- 100,000 N.R. =100,000 1,000 not 10,000 “Gas” test 
tation liquor, 27/1/03 (+-indol) In. =100,000 : +-001 c.c. 24 hours 
(+ clot) L.M.P.=100,000 at 20° C.,2,800,000 
B.S. =100,000 microbes per ¢.¢. 
(agar at 37°C.) 
3195 Maidstone Precipi- = N.R.=100,000 1,000 not 10,000 
tation liquor, 20/7/03 
3233 Maidstone Precipi- 100,000 N.R.=100,000 1,000 not 10,000 ; 
tation liquor, 27/8/03 ( — indol) 
(-+-clot) 


EXPERIMENTAL DOUBLE CONTACT BED PROCESS. 


Intake.—The sewage used for treatment upon the contact beds is taken direct from 
the sewers without passing through the screening. chamber. A four.inch pipe, brought into 
the main sewer at an angle, carries the sewage to a small sump about four feet square. 
Here it passes a half-inch screen, and is then pumped bya four inch centrifugal pump 
to tue contact beds, passing on its way a second screen of a quarter-inch mesh. Very 
httle suspended matter appears to be removed by either of these screens, owing to the 
fact that the flow, when the beds are being filled, is a rapid one. Practically speaking, 
therefore, crude sewage is treated on the beds. 
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PRIMARY BED. 


Number" "=< sedlipatee AG. 
ume! (Note :—There are in reality 


two beds; one bed, however, 
which was constructed rather 
later than the other, has ordinary 
earth walls on three of its sides. 
In 1901 it began to leak so 
badly that it could not be filled, 
and as the leakage has not been 
remedied, it has not been in- 
cluded in our observations). 


Size of bed - - - 45 feet by 39 feet 4 inches. 

Area - - 2 196°6 square yards. 

Cubic content : . - 218:44 cube yards. 

Depth of Material - - - 3 feet 4 inches. 

Material- - - - - Furnace clinker consisting of all — 
sizes above 2 inch diameter. 

Construction - : - - Cement and concrete through- 
out. 

})istribution  - - - - None. 

Underdraining- - - - 5 rows of three-inch agricultural 

pipes, radiating froman outlet 

chamber. 

Age - - : - - The bed was started in October, 
1898. 


Working.—During the four years from October, 1898, when it was first brought into 
use, to the commencement of the observations in 1902, No. 1 primary bed received on an 
average 2°3 fillings per week. The rate of working, however, was not uniform, being 
5 fillings per week from October, 1898, to November, 1899, and only 1° fillings per 
week from November, 1899, to the commencement of the observations in November, 
1902, the latter rate of working being adopted. for the purpose of keeping the bed 
matured. During the observations for the Commission, it was given only one filling 
a day, this rate being chosen in order that it should have the best possible chance of 
being effective. 


The time in which the bed could be filled has also varied. With the new bed it 
was about 14 hours, but during the observations it was usually about one hour. The 
contact given in the bed during the observations was 12 hours. ) 


Capacity.—The original empty tank capacity of No. 1 primary bed was 36,860 
gallons, and, assuming that half the water space of the tank was occupied by the 
clinker, when first put in, the original water capacity was therefore 18,430 gallons. 


On November 18th, 1903, at the end of the observations, the water capacity of this 
bed was measured, and it was found to be 11,700 gallons. After having been used, 
therefore, at a slow rate of working for rather more than five years, the bed still retained 
31°7 per cent of the original empty tank capacity, and 63°4 per cent of the original 
water capacity. 


This measurement was the only one made, but it is sufficient to show that at this 
slow rate of working the loss of capacity has not been great. It is the more 
interesting in that it shows that a contact bed can, under some conditions, still retain 
a considerable proportion of its water capacity, even although it contains a large 
quantity of accumulated matter from the sewage. At the time the measure- 
ment was made, there was undoubtedly a very large quantity of spongy 
earthy matter amongst the material, and the level of the material was so much raised 
by this as to be in some places above the level of the retaining walls. The probable 
explanation is that the small number of fillings given to the bed have allowed it ample 
time to drain, and thus to permit the more resistent organic matter of the sewage to 


if 
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become changed into a permeable humus-like material. Instead of causing a serious 
loss in capacity, therefore, by retaining water and becoming swollen and sodden, the 
earthy matter has acted as a filtering medium. 


Clinker from Primary Bed.—On November 19th, 1903, two samples of clinker, 
A and B, were drawn from the primary bed No. 1, A being taken at a depth of 
6 inches to 9 inches, so as to represent the upper portion of the bed, while B was 
taken at a depth of 3 feet to 3 feet 6 inches from the surface, so as to represent the 
lower portion. A was a mixture of five and Ba mixture of two samples, and the 
two together were fairly representative of the bed as a whole. A contained many 
worms and much jelly-like substance, together with hair, fragments of leaves, ete. 
B also contained a good many worms and a fair amount of gelatinous matter. The 
bed had last been filled two days before, on November 17th. 


After careful sub-sampling, convenient quantities (equal to about 500 grms. of the 
dry material in each case) were elutriated with distilled water through a fine zinc sieve 
with holes of 0°25 m.m. diameter, the soft lumps being broken down with the finger or 
with a rubber-tipped glass rod. In this way the following fractions were obtained, the 
figures representing percentages of the nearly dry weight * ; fractions (a) and (b) were 
separated fairly well by hand. 








A B 
(a) Large pieces a hay sd a sey i 3 - +  - + =| 65°6 per cent.} 84:0 per cent. 
. Coarse sand up to 18 m.m. in A ‘ 
() Small pieces | Qoarse sand up to 13 m.m. in B rye pepe eT Palo is 6D 1073 
(c) Soil, sand and dust that peed ebrough sieve ise e., particles under 
0: 25 m.m. diameter) - - - - PR U2ESe hy 9-2 Te; ; 
(d) Colloidal matter Se Pee bat oles Se = A OOS. 4, 0:02 _,, 
100°0 933 1000 __s,, 


Fractions A (a) and B (a) were both quite clean. 


Fractions A (}) contained many particles of leaf, fibre, hair, etc., while B (5) was. 
very clean. 


The analyses of fractions A (c) and B (c) are given below. 


‘The colloidal matter of B (d) was mainly organic, but it also contained a good deal 
of iron; and the same no doubt applied to the colloidal matter of A (d). 














Analysis of :— A (c) B (ce) 

Moisture - : - - ; : - ; ; : - 2:09 percent.| 1:34 per cent. 
Volatile matter = - - - - - - - - - - - 38°58 ~ .; 4002 =. 
emvomimomatiers 20 SOUT REY eo) CRG REN SK I 21/0598), 5764, 

? 3 1000s © 100-008 tai 
Nitrogen - AUSTLII A ARIES ORE BST Te ote 2:01 per cent.| 1:25 per cent. 
Re Vier eee e0 ae PO PAR RE. gg iG 

(a) “Cellulose” (by Alkali, Acid and Ether) - : ‘ J : 919 ,, 1333, 

(b) “Cellulose” (by Alkali, Acid and Ether, after Acid permanganate) - 6:0%a¥.,, SShiouy 
Grit from (a) - : ~ = : - - - - - - 89-89 Ste 0-31 5\ vb. 
Grit from (0) - . ; : 4 ; < - : - : 36°36" «> byte Pat se 








* These figures are only to be taken as approximate. 
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The upper part of the bed contained 21'5 per cent. of fine residual matter, 
derived partly from the breaking down of the sewage, and partly from the 
disintegration ‘of the clinker itself, while the lower portion contained 9-2 per cent. 


Broadly speaking, therefore, there was twice as much humus, sand and dust in the 
upper part of the bed as in the lower, the former being also twice as rich in nitrogen as 


the latter. 


Primary Effluents,—Only four ordinary chance samples, Nos. 3062, 473,483 and 
31964 were examined chemically, the first three being drawn in the cold months of 
1902-3, and the fourth in July of 1903. The length of contact was in most cases about 


14 hours. 


They gave the following figures :— 

















Parts per 100,000. Average. fs ase? 

Ammoniacal Nitrogen - : : - . - - (408 and 2°35) (2) 
Albuminoid Nitrogen - -— - : - == (068i and 0°57) (2) 
Total Organic Nitrogen: .-, ‘- -  -  -: - (1:21 andi 0:91) } ae (2) 
Oxidized Nitrogen - - : - - - - (0:0 to 0°96) 0:5 approx. (4) 
“Oxygen absorbed ” at 27° C. (80°-F.) at once - - (111 to, 2°51) | TOT (4) 

' i, _ = in 4 hours - : (2°81 to 8-17) 6°24 (4) 
ase Sie oxygen taken up in 24 hours at laboratory| (More than 14 (2) 

emperature - + =." 44) geaee- ey! b-Yvand morethama 1) 
Incubator Test (Scudder) — - : - : ; - 1 probably +, 3— — (4) 
Incubator Test (by smell) —- ; - - > - 1 probably +, 3— (4) 
Smell when drawn - : - - - - : , 1+, 2— (3) 
Smell when analysed’ - - - - : : - 1 probably +, 3— (4) 
Solids by centrifuge (vols.) - — - ; re Te Bl 220 tosee ay) 28:0 (3) 





Three of these primary effluents were noted as having a brewery smell when 
analysed. Considering the strong nature of the sewage which the bed was called 
upon to treat, the results are very fair. Though the effluents were far from being 
fully purified, one of them probably withstood the incubator test, and three of them 
contained some oxidized nitrogen, though a good deal of this was in the form of nitrite. 


The analyses are much too few in number to allow of any rigid comparison between 
these chance samples of effluent and the hourly samples of the crule sewage which this 
primary bed was treating. But, roughly speaking, the organic impurity of the sewage, 
as measured by the 4-hours permanganate test, was reduced by about two-thirds, 
while the suspended solids, as measured by the centrifuge, were reduced by about 
nine- tenths. 


In addition to the above chance samples, two sp2cial samples of last runnings from 
the primary bed, Nos. 494 * and 516, were examined. Both of these were sufficiently 
purified to stand the incabater test, even although they had no great reserve of nitrate 
to fall back upon (about 04 part nitric nitrogen in each case). | 


Bacterioloyical _Notes.—Four samples of primary bed effluent were examined 
bacteriologically. The B. coli test and presumptive tests for B. coli (neutral red broth, 
indol, lactuse peptone milk, and bile-salt glucose peptone tests) usually yielded positive 
results with ‘00001 c.c. (100,000 per c.c.). All the samples contained 100 spores of 





* No. 494 was from primary bed No. 2. 
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B. enteritidis sporogenes per c.c. Sample 473 contained 2,280,000 microbes per c.c. 
(agar at 37°C.). 














N.R.=Neutral red broth 
test. 
ke : In.=Indol test. B. Enteritidis 
D ieaeae of pace L.P.M. =Lactose peptone sporogenes Remarks. . 
; ; milk test. test. 
B.S. = Bile-salt glucose 
~- peptone test. | 
3062 Maidstone primary | 10,000 not 100,000 N.R.=100,000 100 not 1,000 (|‘‘Gas” test+ Ol1c.e. 
bed effluent, 24/11/02 (+indol) _ | In.=10,000 not 100,000 24 hours at 20°C. 
~ (+ clot) L.P.M.=100,000 
B.S.=100,000 
473 Maidstone primary 100,000 N.R =100,000 100 not 1,000 |‘‘Gas” test+-O1c.c. 
bed effluent, 27/1/03 (+-indol) In.=10,000 not 100,000 24 hours at 20°C. 
-) (+elot) —. L.P.M.=100,000 2,280,000 microbes 
B.S.=100,000 per cc. (agar at 
37°C. 
483 Maidstone primary 100,000 .N.R. =100,000 100 not 1,000 
bed effluent, 24/2/03 (+-indol) In. =100,000 
~ (+elot) L P.M =100,000 
B.S. =100,000 
31964 Maidstone primary —- N.R. =100,000 100 not 1,000 
bed effluent, 20/7/03 








SECONDARY BED. 


Number - : - - - = One. 

Size Ther Ot a ae - 45 feet 4 inches by 39 feet 4 inches. 
Area - S - - - - 198°1 square yards. : 
Depth of material - - : - 4 feet 4 inches. 

Cubic content - - : - - 286°1 cubic yards. 

Material - - - - - - Furrace clinker, consisting of every- 


thing under 4 inch diameter, but with 
the dust taken out. 
Construction - - =O ts - Cement and concrete throughout. 


Distribution. - - - . Q2half pipes running from the middle 
., of the upper end of the bed to the 
opposite corners. Piachintie:, 
» a Underdraining - - : - .§ rows. of. 83-inch agricultural pipes, 


radiating from an outlet chamber. 
Age - . : -- + The bed was started in.October, 1898. 


.. Working.—Like the primary bed No. 1, this bed has treated varying quantities. 
.of liquid per day, and at one time when primary bed No. 2 was in use, it took the 
effluent. from that bed also, and. was. receiving four fillings per day. » During 
these obzervations, however, it received one filling per day, with a contact of one hour.. 


¥< Capacity:No. measurements :of capacity have been made_on the ,secondary., bed,. 
‘but it may be said. that «the material. in it was so clean at. the end of the: 
observations that there can be.no possible doubt that. it retained, at-that. time a very 
Jarge: percentage of its-original water capacity. 


Amount of Sewage treated upon the Beds.—Assuming from the capacity gauging 
made in November, 1903, which gave the primary bed capacity at 11,700 gallons, that 
the average capacity:of this bed:for:the year:(1903), was approximately 12,000 gallons, 
the rate of filtration in the process, primary and secondary beds together, during the 
observations, was as follows :— 


Per square yard per 24 hours - : j m sacks 40 gallons. 
Per cube yard per 24 hours -— - : : - 23°7 gallons. 


Secondary Efiuents.—In addition to two. experimental samples, nine ordinary 
samples of secondary effluents were examined chemically ; the pumbers being 3063, 
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, 3,1978, 3,234, 3,248, 3,251 and 3,255. They were drawn at intervals 
pee ee 94th, 1902, and September 23rd, 1903, usually in the early 
atternoon, and most of them in the warm months, the last three—Nos. 3248, 3251, 
and 3255—being taken on the same days as the hourly samples of sewage and of 
precipitation liquor. All the samples were drawn at mid-flow, and in nearly every 


case the weather was dry. 
The following figures were obtained :— 




















Parts per 100,000. Average. is ee tl 
Ammoniacal Nitrogen - ; ; : : - (0:23 to 1°67) 0-92 (6) 
Albuminoid Nitrogen - - - . : : - (0°08 to 0°33) 0-22 (6) 
Total Organic Nitrogen : - - : : (0°39 and 1:02) (2) 
Oxydized Nitrogen - - : : - - ~ = (0°26 to 2°19)" 1:23 (9) 
Total Nitrogen - -~ - - Lt Whe gs - - (1:87 to 4:83) 3°20 (3) 
“Oxygen absorbed” at 27°C. (80°F.) at once - . - (0:28 to 1:44) 0-72 (9) 
a J m ” in 4 hours - — - (1:05 to 3:80) 252 (9) 
Chlorine - . - - - : - - - (7:34 to 9°30) 8:29 (4) 
Incubator test (Scudder) - : - - peas 6+, 2— (8) 
Incubator test (by smell) - : : - - - 5§4,2(4,1— (8) 
Smell when drawn - - - - : - - J4,1- (8) 
Smell when analysed - - - : : - 8+ (8) 
Solids in suspension = - . . - - - - (Trace to 3:7) 1:31 (5) 
Solids by centrifuge (vols.) - ©- -  -  - ~ = (Trace to 30:0) 13:0 (8) 
Ratio of solids in suspensivn to centrifuge solids - -1:15 and 1: 26 
xtc. per litre Pee aes : 
Oxygen in solution : - THES Wh : = - - - - | Practically none (8) 





These effluents varied in appearance from slightly opalescent, with practically no 
suspended solids, to brown and rather turbid, and all of them had an inoffensive 
smell on the day of analysis, though in a few cases a faint brewery odour still persisted 
in them. In samples Nos. 3251 and 3255 the suspended solids (2:0 and 0°85 
respectively) were determined in portions of the liquid which had stood in partially 
filled bottles for two to three weeks, 7.¢., the finely divided solids were allowed to 
ageregate before being filtered off. It is needless to say that these—very Hocculent— 
solids consisted almost entirely of organic matter. The secondary effluents, 
therefore, are very free from suspended solids, Six out of the nine samples were well 
nitrated, but two of those three which were poor in nitrate failed to withstand 
incubation ; the third sample, which failed to stand the incubator test, contained as 
much as 2:19 parts of oxydized nitrogen. Practically only one sample out of seven 
tested contained a little dissolved oxygen on the morning of analysis. The dissolved 
oxygen taken up in 24 hours was estimated in three cases only, and in one of these 
approximately, so there are too few data to generalize from. But, taking all the 
figures of analysis together, these effluents may be classed as moderate, They show 
quite clearly that two contacts of a strong brewery and tannery sewage, like that at 
Maidstone, are barely sufficient to produce a thoroughly high class effiuent, with one 
filling of each bed per day. 


As compared with the hourly samples of crude sewage, these effluents show the 
following reduction in figures :—- 


Calculated on the Albuminoid Nitrogen - 85 per cent. 
Ap “Oxygen absorbed” at once - (84 5, 
A Lf - in 4 hours - 2588 ''F yt 
79 Solids in suspension — - : fe 9 hh approx. 
i Solids by centrifuge (vols.)  - s l9Dafiis,, 8 


ff 
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Unfortunately there are too few determinations of total nitrogen in the effluents to 
allow any deductions to be drawn as to how much nitrogen has disappeared during 
the two contacts of the sewage. 


A word or two may be said in conclusion with regard to the two experimental 
samples of secondary effluent, Nos. 494 and 3235. 


No. 495 represents the first runnings from the secondary bed, for comparison with 
No. 494, the last runnings from the primary bed. Both samples withstood incubation, 
but No. 495 was much better nitrated than the other; on the other hand, it lost more 
nitrate upon incubation (these nitrate estimations were made by the approximate pyro- 
gallic acid method). The following figures may be given :— 


Parts per 100,000. No. 494. No. 495. 
ee 0-40 approx. 1:50 approx. 
= after incubation - - = : : : 4 c 0:30 __s,, 065 ,, 
“Oxygen absorbed ” at 27°C. (80°F.) at once LOO PR yrs ees 094 ~,, 058 
¥¢ A " » m4 hours - - : J A 2-11 (5 hours) 157, 
Incubator Test (Scudder) -~— - pa os : : : 4 “ ie ah. 
Incubator Test (by smell) - - - - - Bd Ae ie ae ae 
Solids by centrifuge (vols.) - - - - : : : h 14:0 Trane: 





No. 3,235 represented the last portion of the flow from the first emptying for the day 
of Bed No. 1, No. 3,234 (included in the nine ordinary samples which have been 
discussed) being the average or mid-flow sample from this filling. There was almost 
no difference in the figures of analysis of the two samples, excepting that the last 
runnings was slightly more nitrated than the other (1°78 against 1:49). 


Bacteriological Notes.—Nine samples of secondary bed effluent were examined 
bacteriologically. The B. coli test and presumptive tests for B. coli (neutral red broth, 
indol, lactose peptone milk and bile-salt glucose peptone tests) yielded positive results 
with from ‘0001 to ‘00001 c.c. (10,000 to 100,000 per c.c.), usually positive results 
with -00001 c.c. (100,000 per cc.). The B. enteritidis sporogenes test yielded results 
as follows:—TIwo samples 1, one sample 10, five samples 100, and one sample 1,000 
spores per C.¢. 





N.R.=Neutral red broth 
test. 
In. = Indol test. 





Description of . ari B. Enteritidis 
Sample. B. coli test. Sie Srgrn peptone Sg tE SE Remarks. 
B.S. =Bile-salt glucose 
peptone test. 

3063 Maidstone secon- 100,000 N.R.=100,000 100 not 1,000 | “Gas” test + -01 
dary bed effluent (+ indol) In. =100,000 c.c. 24 hours at 
24/11/02 (+ clot) L.P.M. =100,000 20° ©. 

. B.S. =100,000 
484 Maidstone secon- |10,000 not 100,000) N.R.=10,000 not 100,000} 100 not 1,000 
dary bed effluent (+ indol) In. =10,C00 not 100,000 
24/2/03 (+ clot) L.P.M.=100,000 
BS.=100,000 
495 Maidstone secon- — N.R.=10,000 not 100,000 1 not 10 
dary bed effluent 
12/3/03 
543 Maidstone secon- ~ N.R.=100,000 100 not 1,000 
dary bed effluent 
3/6/03 


————————————————————————————— SSS Ee ee 
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N.R. =Neutral red broth 


test. 
In.=Indol test. B. Enteritidis 
Description of Sample. B. coli test. L.P.M.=Lactose peptone sporogenes Remarks. 
milk test. test. 


B.S. =Bile-salt glucose 
peptone test. 


3197B Maidstone _ se- 





N.R. =100,000 10 not 100 
condary bed effluent 
20/7/03 
3234 Maidstone secon- 100,000 N.R. =100,000 1 not 10 
dary bed  efiluent (++ indol) 
27/8/03 (+ clot) 


3248 Maidstone secon- {10,000 not 100,000) N.R.=10,000 not 100,000} 100 not 1,900 
dary bed effluent ( — indol) 
21/9/03 (+ clot) 


3251 Maidstone secon- — N.R.=100,000 100 not 1,000 
dary bed effluent 
22/9/03 


3255 Maidstone secon- — N.R.=10,000 not 100,000} At least 1,000 
dary bed effluent 
23/9/03 





SUMMARY. 


The crude sewage is very strong as regards organic matter, though not 
specially strong in ammonia, and it has a very pronounced unpleasant smell. 
From the gaugings made in September, 1903, it was obvious that, in that year 
at all events, large quantities of subsoil water gained access to the sewers, the water 
supply only accounting for about 600,000 gallons out of a total flow of 1,500,000 
gallons per day. As a rough estimate, based upon the night flow gaugings, ibs 
amount, together with leakage from taps, was at this time probably about 500,000 
gallons per 24 hours. Of the remaining 400,000 gallons reaching the works during 
the week in which the measurements were made, it may be broadly inferred that the 
greater portion consisted of trade refuse, coming mainly from breweries and tanneries 
which have their own water supply. 


The contact beds, both primary and secondary, were constructed in 1898, the 
primary bed being filled with clinker of all sizes above ~ inch diameter, and the 
secondary with clinker under + inch diameter, but with the dust removed. 


During the four years from October, 1898, when primary bed No. 1 was brought 
into use, to October, 1902, this bed received on an average 2% fillings of crude 
sewage per week, but the rate throughout these four years was not uniform, thus :— 
in the 18 months from October, 1898,to November, 1899, the rate was 5 fillings 
per week, while in the 36 months from November, 1899, to November, 1902, it was 
only 1°5 fillings per week, this latter rate being carried on merely to keep the bed 
matured. During the year of observation, it received 6 fillings per week (resting on 
Sundays). 


The capacity of the bed*was measured in November, 1903, and was found to be 
11,700 gallons, 7.e. it was equal to 31 per cent. of the original empty tank capacity, 
or 62 per cent. of the original water capacity (on the usual assumption of 50 per 
cent. water capacity when the bed was newly filled with material). After five years 
working, therefore, at the above slow rate (a rate of nearly one filling per day for the 
first and fifth years, and one filling every four or five days for the intermediate three 
years), the bed was still in good working order. 1 


In the 18 months from October, 1898, to November, 1899, the secondary bed No. 1 
received effluent from No. 1 primary bed at the rate of 5 fillings per week, while trom 
November, 1899 to October, 1902, it received effluent from primary beds Nos. 1 and 2 
together,* at the rate of 2°8 fillings per week. In these four years, therefore, it 





* Secondary bed No. 2 was started in November, 1899. 


f 
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received, on an average, 3°4 fillings per week, and during the subsequent year of 
observation 6 fillings per week. Although no gaugings of this bed were made, it was 
quite evident that it remained perfectly clean and in good condition ; this is, however, 
only what was to be expected, seeing that the primary bed retained something like 
nine-tenths of the suspended solids of the sewage. 


The primary bed, working in its fifth year at the rate of 6 fillings per week, 
reduced the organic impurity of the sewage—as measured by the 4 hours’ “ oxygen 
absorbed ” test—by about two-thirds, and the suspended solids by about nine-tenths. 
For a first process, therefore, it effected a good purification, though the resulting 
effluent, regarded by itself, was, of course, not sufficiently purified. From the secondary 
bed an effluent was obtained which may be described as of moderate quality, chemically 
speaking, but very free from suspended solids. ‘Therefore, for a crude sewage of the 
organic strength and character of that at Maidstone, two contacts at the rate of six 
fillings per week in both beds are barely sufficient to produce a satisfactory effluent. 
Although the sewage has a strong unpleasant smell, there is practically no nuisance 
caused by its treatment on contact beds under the conditions described. 


The main points of importance brought out by these observations are as follows :— 


1. That a strong sewage, containing brewery and tannery wastes in large quantity, 
can be purified on contact beds (almost sufficiently purified by double contact, at the 
rate of one filling per day on both beds) ; 


2. That loss of capacity is not serious in the primary bed, if a very slow rate of 
working (not exceeding one filling per day) is adopted, and this, of course, applies 
in much greater degree to the secondary bed ; 


3. That although the Maidstone sewage is of such a nature as readily to give rise to 
nuisance, no nuisance is produced by this treatment on contact beds. 


We may call attention to the fact that the addition of about 5 grains of lime, per 
gallon of sewage, followed by so rapid a flow as once through the tank in six hours, is 
insufficient to produce a fairly clarified precipitation liquor ; the sets of hourly samples 
examined contained as much as 14 parts of suspended solids per 100,000. The 
ordinary working of the precipitation tanks gives rise to a distinct nuisance, the smell 
from them being at times very unpleasant, and this is accentuated when sludge is 
being removed from the tanks. 


~ We should like, in conclusion, to express our thanks to Mr. T. F. Bunting, Borough 
Surveyor of Maidstone, and Mr. Doe, Manager of the Sewage Works, for assistance 
in connection with our work at Maidstone. 
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NEWTON-LE-WILLOWS CENTRAL SEWAGE WORKS. 


(Newron-In-MakERFIELD Urpan District CouNcIt). 





1. Situation of works d : - - - - About a mile from the most thickly 
populated area. 


9. Method of treatment - “ - - - - Filtration ofslightly settled sewage 
by single contact. 


3. Population draining to works during observations 9,000 (estimated avarage). 


4, Water supply in gallons per head and whence 
obtained - - - - . ; - - 14 gallons ; from bore holes in the 
New Red Sandstone—a mod- 
erately hard water. 


5. Number of W.C.’s - : - - - - About 30. 

6. Sewerage system - - - - - - - Combined. 

7. Average dry weather flow of sewage in gallons per 

94 hours y~ ose pn a Re ee ee 

8. Gallons of sewage per head per day - - - 16. 

9. Character of the sewage - - - - - Mainly slopwater sewage, 
10. Period of observations : - = + = March, 1902, to July, 1905. 
11. Age of contact beds = - .-  - ~- =.= 2 years. 

12. Amount of storm water treatéd on beds during 
observations — - - - - - - - Very little. 
13. Total capacity of tanks in gallons — - - - No tanks are used. 
14. Total area of filters in yards super - = = 657. 
15. Total cubic content of filters in yards cube - ~- 767. 
16. Nature of filtermg medium - ORM . - Hard cinder clinker, broken, 


gauged and riddled, from a 
to %” in diameter. 


17. Gallons of sewage treated per yard super per 24 


hours (all filters included) - Sage - - 106 (average). 
18. Gallons of sewage treated per yard cube per 24 
hours - - - - - - - - 91 (average). 
19. The final effluent is discharged into - - - The Newton Brook, a_ polluted 


stream which joins the Sankey 
Brook, and finally flows into 
the Irwell at Warrington. 





FLOW OF SEWAGE. 


The area is sewered on the combined system, and as therefore a considerable 
portion of the rain water falling upon it finds its way to the sewers, the flow of sewage 
at times is largely increased. There are three storm overflows on the system, however, 
and as these are set so as to come into operation when the flow of sewage reaches a volume 
equal to three times the dry weather flow, a considerable portion of it is diverted either 
into the Newton Brook direct or into small tributaries. 


On several occasions flows exceeding 350,000 gallons per day have been measured at 
the outfall ; but as this was the limit of the gauge, we have no exact records of the flow at 
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these times. As a rough estimate, however, we think that probably 4or 5 times the dry 
weather flow of 21,000 gallons per day is the maximum quantity which ever reaches 
the works. 


The flow of sewage has been measured on three occasions; once in March, 
1902, over a period of a week ; once in August, 1903, over a period of three weeks, and 
once in July, 1905, over a period of two weeks. 


The measurements of March, 1902, resulted in an estimate of the dry weather flow 
of approximately 190,000 gallons per 24 hours; those of August, 1903, made in 
wet weather, resulted in an estimate of 250,000 gallons per 24 hours ; while the last 
measurements in July, 1905, resulted in an estimate of 220,000 gallons per 24 hours. 
Probably, therefore, as an approximate estimate, the average dry weather flow at the 
works during the whole period of observation was between 200,000 and 220,000 gallons 
per day. 


In dry weather the flow is of an even character, being roughly in the proportion of 
two volumes in the daytime to one at night, though in long continued dry weather, 
when the ground water is low, the variations are greater. 


When rain falls upon the area, whether the ground is wet or dry, the fluctuations 
are large, an increase of flow in the proportion of four to one within half an hour being 
not uncommon. On one occasion, indeed, as the result of a sharp shower on dry ground, 
a rise in the proportion of seven to one within half an hour was recorded. 


With regard to subsoil water, two facts go to show that a considerable quantity finds 
its way into the sewers. Firstly, the night flow, except in long continued dry weather, 
is large; and secondly, the flow of sewage remains much swollen for some days after the 
ground has been once made thoroughly wet by rain. Its actual amount varies, of 
course, as it depends upon the weather of the preceding weeks. 


On diagram T are given some illustrations of the sewage flow at Newton-le- Willows. 





Screens.—Betore passing into the distribution troughs on the filters, the sewage flows 
through four screens. These vary in mesh from one inch in the first screen to a quarter 
of an inch in the fourth. They are cleaned several times a day by being lifted out of 
the flow and shaken. 


Crude Sewage.—-Four sets of hourly samples were examined chemically, wiz., Nos. 
3236, 3637, 3641 and 3646. It was intended to have completed the usual three sets in 
September, 1903, but after the first day’s sampling rain fell heavily and stopped further 
progress. A second set was therefore taken in July, 1905, during dry weather, except- 
ing for 0:03” of rain which fell in a heavy sharp shower on the afternoon of Tuesday, July 
11th. Two samples of weak night sewage were also drawn at 4.30 a.m. on September Ist, 


1903 and July 12th, 1905. 


The following results were obtained :— 























Number of Weak Night Sewage. 
Parts per 100,000 Average. RIFE ee ee ere ee 
sell 8 Estimations. No. 3239. 3644. 
Ammoniacal Nitrogen - - - (3:33) (1) 
Albuminoid Nitrogen - -— - (0°87) (1) 
Total Organic Nitrogen - - - (1:31) (1) 
Oxidised Nitrogen - - . - 0-21 ap. 
Total Nitrogen - - - (464 to 6:15) 5°47 (4) 2°66 1:85 
“ Oxygen absorbed” at 27°C at once(2°31 to 3°88) 2°93 (4) 0:78 0°69 
“Oxygen absorbed” at 27°C | (19.95 to 1437) | 11:80 (4) 2-67 2:31 
in 4 hours } 
Chlorine gee: > *+8(9'D0 £01216) 117 (4) 6-68 
Solids in Suspension - - (178 to 43:0) 27-4 (4) 40 3-9 
Solids by Centrifuge (Vols.) - (132°0 to 314-0) 166.0 (3) 19-0 
Ratio of Solidsin Suspension) , , p. Ss We; vo 
to Centrifuge Solids \a 2:57 tol: 84 ay (3) 1:49 
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Day Sets of Hourly Samples.—Only the day sewage is purified. It was 
therefore considered advisable to draw, along with the sets of samples of crude sewage 
extending over 24 hours, four corresponding sets of day samples, without any admixture 
of night sewage. The numbers of these were 3241 (drawn September Ist, 1903, 9.30 a.m.— 
5.30 p.m.) and 3638, 3642 and 3647, drawn in July, 1905, from 9.30 a.m. to 5.30 p.m. 
each day. These gave the following figures :—- 





Number 


Parts per 100,000.) Average. | 0¢ t.timations. 





Ammoniacal Nitrogen - - : - - - (4:03 to 4°84) 4°61 (4) 
Albuminoid Nitrogen - - - - - - (1:00 to 1:29) 1:09 (4) 
Total Organic Nitrogen - = : ; - (1°41 to 2:32) 1°79 (4) 
Total Nitrogen - tf > ‘ov sated 47anta - (6°17 to 6°82) 6-40 (4) 
“ Oxygen absorbed ” at 27° C. (80° F.) at once - = (2:90 to 4:31) 3°72 (4) 

5 . “ 3 in 4 hours - - (12°43 to 15-98) 14:42 (4) 
Chlorine!) %2!) 21. To 220 6) DEO EIS RIA at oor soy | meme a (4) 
Solids in Suspension met ea =o be - (249 to 44:0) 35°20 (4) 
Solids by Centrifuge (Vols.)  - - - - - - (222-0 to 359:0) | 219-0 (8) 
Ratio of Solids in Suspension to Centrifuge Solids - -(1: 82 to1: 9-4) 1: 88 (3) 





If the above figures are compared with those obtained from the average 24 hours’ 
samples of crude sewage, it is seen that the day sewage is distinctly—though not very 
greatly—stronger than the day and night sewage together. This “day ” sewage, though 
not very nitrogenous, 1s of more than average strength in oxidizable matter, as measured 
by the “ ee absorbed ” test ; on the other hand the figure for suspended solids is not 
very high. 


In addition to the hourly samples, four chance samples, Nos. 3052, 3128, 676 and 3466, 
were examined. All these samples were drawn between the hours of 9.50 a.m. and 3.35 
p.m., No. 3128 (a weak sample) during heavy rain. The following figures were obtained :— 





Parts per 100,000.| Average. Bape aos: 

Ammoniacal Nitrogen - - - - -  - = (0°87 to 4°84) 3°28 (3) 
Albuminoid Nitrogen - - - - - - - (0:26 to 1:21) 0-79 (3) 
Total Nitrogen => Uhr Lay gh nih me aha ihe Gd ara gee 7-04 (2) 
Total Organic Nitrogen - - - - aa en - 2°10 and 2°99) 2°05 (2) 
‘Oxygen absorbed ” at 27° C. (80° F.) at once - = (1°60 to 8:03) 5-00 (4) 

% %9 %» 3 im4hours - - (407 to 22°56) 16:13 (4) 
Chloring- - - - | - » =>). = =) (404 6-20-70) )) 6 aes 
Solids in Suspension - - - : - - (11:20 to 33:10) 30°10 (3) 
Solids by Centrifuge (Vols.) - - - - - - (640 to 3490) | 2460 (4) 
Ratio of Solids in Suspension to Centrifuge Solids - (1: 5-7, 6:8 and 10:5) bh 6 0 (3) 





Taking these chance samples all over, they were somewhat stronger than the hourly 
sets of sewage samples drawn during the day, that is, they were distinctly strong. The 
very high proportion of chlorine is noticeable here. 


No. 3240 represents a sample of storm water sewage drawn on September 2nd, 1908, 
at 11.10 a.m., after the overflow had been in operation for 7$ hours. During this time — 
0:50” of rain fell, and for the greater part of it the total flow of sewage was at the rate 
of about 1,000,000 gallons per 24 hours, z.e. about five times the normal. This sample 
* had a clean smell and still retained a trace of nitrate when it came to be analysed, but it 
contained much suspended matter (of which one-third was organic) and failed to withstand 
incubation. It furnishes a good argument for the settlement of suspended matters from 
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storm sewage, so far as is practicable, for the greater part of this impurity no doubt lay 
in the suspended solids. It gave the following figures :— 


eee ota tit te — 
PeOxypen absorbed.” at 27°C. atonce ss )- = ete 1:50 

oe LG ROUTE“ le a eee ae se 10-5 Volatile. 
Solids in Suspension i= of 3 Oerares Fi ae ‘ 2950 < ES AN one olatila. 





Bacteriological Results. —The results of the bacteriological examination of Newton- 
le- Willows sewage and trough liquor are shown in the accompanying table. The B. coli, 
indol, neutral red broth, lactose peptone milk and bile-salt glucose peptone tests practically 
always gave a positive result with ‘00001 c.c. (100,000 per c.c.) The B. enteritidis sporo- 
genes test usually gave a positive result with ‘01 to -001 c.c. (100 to 1,000 per c.c.) 


In. =Indol test. 
N.R.=Neutral red broth 














sae test. B. enteritidis 
ga ag ioe B. coli test. L.P.M. = Lactose peptone sporogenes Remarks. 
ies milk test. test. 
B.S.=Bile-salt glucose 
peptone test. 

3052. Newton-le-Wil- 100,000 100,000 In. 1,000 not 10,000 |‘‘Gas” test, 001 c.c. 
lows crude sewage, (+ indol) 100,000 N.R. 24 hours at 20°C. 
18/11/02 (+ clot) 100,000 L.P.M. 

100,000 B.S. 

3239. Newton-le-Wil- 100,000 100,000 N.R. 10 not 100 
lows crude sewage, (— indol) 
1/9/03. ( — clot) 

3240. Newton-le-Wil- — 10,000 not 100,000 100 not 1,000 
lows storm sewage, 
2/9/03. 

3466. Newton-le Wil. 100,000 100,000 N.R. 1,000 not 10,000 
lows crude sewage, (+ indol) 100,000 B.S. 

6/6/04. (+ clot) 

32274. Newton-le Wil- 100,000 100,000 N.R. 1,000 not 10,000 
lows trough liquor, (+ indol) 
1/9/03. (+ clot) 

3467. Newton le. Wil- 100,000 100,000 N.R. 100 not 1,000 
lows trough liquor, (+ indol) 100,000 B.S. 

6/6/04. (+ clot) 


ee eee 


Trough Inquors.—Five sets of day average samples, Nos. 32374, 3242, 3639, [8643 
and 3648, and one chance sample, No. 3467, were examined chemically. Two sets of the 
day average sample were drawn in September, 1903, and three in July, 1905, in dry 
weather, excepting for the heavy shower on Tuesday, July 11th, already alluded to. 
They gave the following results on analysis :— 





Part - 100,000 vi Number of ene 
arts per 100,000. | Average. | atimmations. | Sample 
Ammoniacal Nitrogen - - - 3 - (4°35 to 4:98) 4°74 (3) 4:83 
Albuminoid Nitrogen - - - - - (0°81 to 1:22) 1:05 (3) 1:21 
Total Organic Nitrogen - - - f - (1°66 to 2:56) 2:00 (3) 2°65 
Total Nitrogen - - - - - - (6°64 to 6-91) 6°74 (3) 748 
‘Oxygen absorbed ” at 27° C. at once - - (3°15 to 4°66) 3°71 (4) 4°65 
“s n! » m4 hours - 12:34 to 16°76) 13°60 (5) 18°43 

Dissolved Oxygen taken up in 24 hours : : 

at about 22° or 23° C. - - \ ~ (29-1 to 49°5) 39°4 (3) 
Chlorine 2 ea eee - (13:00 to 13°80) 13°42 (3) 13°52 
Solids in Suspension ~— - - - - -  (23°5 to 488) 30:3 (5) 30°7 
Solids by Centrifuge (Vols.)  - - - - (2170 to 402°0) 2820 (3) 296 0 
Ratio of Solids in Suspension to Cente ta! Wins bier 4 

ea } 82 01:92) | 1:86 (3) 1:96 
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If these figures of analysis be compared with those given by the hourly day samples 
of crude sewage, it will be seen that, excepting for a very slight settlement of solids, there 
is practically no difference between them. The filter beds at Newton are therefore called 
upon to treat a very slightly settled sewage of more than average strength, and contain- 
ing about 30 parts of suspended solids. 


CONTACT BEDS. 


Number - - - - - - 6. 
Size - . - - - : - - 2 beds, 60 feet by 20 feet. 
4 beds, 44 feet by 20 feet. 
Total area - - : - - - 657 square yards. 
Total cubic content - : - - - 67 cubic yards. 
Depth of material — - - ; - - § feet 6 inches. 
Material. —3 feet of boiler furnace clinker, raised 6 inches from the floor of the 


bed on honeycomb brick-work. 


Grading, from Top, downwards.—1 foot 6 inches, clinker 4 inch to } inch diameter ; 1 
foot 6 inches, clinker 2inches to 14 inch diameter ; and 6 inches 
honeycomb brickwork. 


Construction. —Cement and blue bricks. 


Distribution. —2 wooden troughs, 9 inches deep and 18 inches wide, extending the 
length of each bed. 


‘Notr.—These troughs are cleaned out about three times a week. 
They therefore serve for the settlement of a small part of the 
suspended matter in the sewage.) 


Working.—The beds are filled in rotation from 8.30 a.m. to 5.30 p.m. eachday. In 
the early part of their life, a two hours’ contact was given, but during our observations it 
has usually lasted for not more than one hour. The distribution troughs are cleaned out 
three times a week, by sweeping the sludge which has then accumulated in them into a 
pail let into the material at the end of each trough. When the pails are full, they are 
lifted out and emptied on to a heap of dry sludge at the side of the filters. 


Capacity.—The original empty tank capacity of the six filters was 129,500 gallons. 
Assuming that the new material would occupy one-half of the space of the tank, it is es- 
timated that the original water capacity of the six beds was approximately 64,750 gallons. 
From July, 1900, when they were first brought into use, until March 24th, 1902, when our first 
capacity measurements were made, the beds received on an average 1°5 fillings per day 
of grit-settled sewage. On March 24th, 1902, capacity measurements made on bed A as 
typical of the two larger beds, and bed B taken as typical of the four smaller ones, gave 
46,800 gallons as the total water capacity at this time. After a period of twenty months 
work, therefore, the water capacity of the beds was 36 per cent. of the original empty 
tank capacity, or 72 per cent. of the original water capacity. In the first five months 
of the observations, the original rate of working the beds was adhered to, 1°66 fillings 
per day being given on the average to each bed. On September 8th, 1902, however, 
it was determined to increase the rate of filtration, in order to obtain data as to the working 
limit of the beds ; and from that time, night sewage as well as day sewage was treated 
upon them. 


It was intended at first to work the beds at the increased rate for several months, 
but by December 7th the beds appeared to be so clogged and sodden upon the surface 
and were worked with such difficulty, that it was thought advisable to stop. The experi- 
ment lasted, therefore, about 3 months (September 8th to December 7th), and during 
this time the beds received an average of 2°48 fillings per day, or 126°5 gallons per cube 
yard per day. On re-gauging (December 7th, 1902), the total capacity after the experi- 
ment was found to be 41,840 gallons, or 32 per cent. of the original empty tank capacity. 
The appearance of the beds would have suggested a much greater loss in capacity than — 
this, and the result, therefore, is the more interesting as showing that the clogging did 
not extend very far below the surface of the material. 


Although the 2°48 fillmgs given to the beds do not seem an excessive quantity, — 
the beds were obviously called upon to receive suspended matter at too great a rate; the 
o'd plan of working them only in the daytime was therefore reverted to, and from — 
December 7th, 1902, to September 8rd, 1908, the beds received on an average only 1°67 ~ 
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fillmgs per day. At the end of this time, on September 8rd, 1903, the capacity was found 
to have risen to 45,000 gallons, or 35 per cent. of the original empty tank capacity, thus 
showing that the beds had almost recovered themselves. Another measurement, however, 
made on May 30th, 1905 after a further period of 21 months, working at an average rate 
of 1-73 fillings per day, gave the capacity as 35,000 gallons, or 27-4 per cent. of the original 
empty tank capacity. 


Worked therefore at an average of rather more than 14 fillings per day, the 
beds have lasted about five years. If 20 per cent. of the original water capacity is taken 
as the lowest practical limit of capacity reduction, they can probably go on for a few 
months longer; but we think the last measurement indicates that the time for washing 
or renewing the material in the beds was not far off. 


Amount of Sewage Treated.—Except during the period of three months when an in- 
creased number of fillings was given to them, the beds have been tiled on an average 
1-7 times per day during the whole of our observations. The mean water capacity 
during the same period has been 41,150 gallons, and the average amount treated 
throughout this time has therefore been as follows :— 


Per square yard per 24 hours” - - - - 106 gallons. 
Per cube yard per 24 hours - - - - 91 gallons. 


During the experiment with the increased number of fillings per day, the rate of 
filtration was :— 


Per square yard per 24 hours - - - - 168 gallons. 
Per cube yard per 24 hours” - - - - 144 gallons. 


Effluents.—Two sets of hourly samples (of 24 and 12 hours respectively), Nos. 3238B 
and 3243, and 6 chance samples, Nos. 3053, 31284, 3468, 3636, 3640 and 3645, were 


examined. 


The hourly samples, drawn in dry weather in eee 1903, were made up of equal 
quantities of liquid from all the emptyings of all the beds for the day, taken at mid flow, 
each bed being filled twice. They gave the figures :— 








Parts per 100,000. No. 3238B. | No. 3243, 











| 

eerie” Nitrogen - - - : : - : - - - 3°56 3°24 
Albuminoid Nitrogen | 
Oxidized Nitrogen - - : - : - - . - jabout 0°25 Doubtful trace. 
Total Nitrogen - - - - - - - - - - 4:09 4:00 
Total Organic Nitrogen - ee - - : : - 2 0°73 
“Oxygen absorbed ” at 27° C. (80° F.) at once - - - ; . oY 1°62 1-71 

Be “f = , : in 4 hours : - - - : 6°88 6°70 
Chlorine - : - - - ae - - . - 11:12 11°52 
Solids in Suspension - - = - - - - 7:50 9:50 


Incubator test (Scudder) - - - : = £ U 4 : a ay 
Incubator test (by smell)  - - - - . - : : : : = i 


Smell when drawn - “ = = 2 ™ E - , - i= 2. 





Smell when analysed - - - - . . : : 2 : t = = 


45 





These hourly effluent samples were thus very far from being purified. Although 
too few in number for a proper criticism, the reduction on the hourly samples of ele 


shows :— 


Calculated on the ‘Oxygen absorbed” at once - 50 per cent. 
” ” ” mn 4 hours 49 ” 
7 Suspended Solids - - eee: - 72 + 


4 
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Chance Effuents.—Of the six chance samples of effluent examined chemically, Nos- 
3053, 3128A, 3468, 3636, 3640 and 3645, the first two were drawn in November, 1902, 
and March, 1903, the third in June, 1904, and the last three in July, 1905. They were 
thus mostly summer samples, taken when the sewage was strong, and, excepting in the 
case of No. 3128A (an effluent from the treatment of dilute storm sewage), they were all 
drawn in dry weather. 


The following results were obtained :— 














Parts per 100,000.| Average. eee 

Ammoniacal Nitrogen - - - - - - - (0°72 and 0°46) — (2) - 
Albuminoid Nitrogen - a NS - - : - (0°17 and 0°56) a (2) 
Oxidized Nitrogen - S - : - - . - (0-0 to 0:98) 016 (6) 
Total Nitrogen - - - - . : - - (2°62 to 5-00) 4:20 (3) 
“Oxygen absorbed” at 27° C. (80° F.) at once : . (0°88 to 2:04) 1°61 (6) 

. >} % - in4 hours - - (2°80 to 8-46) 5°78 (6) 
Dissolved Oxygen taken up in 24 hours at about 18° C. - (1:19 to 15:1) 6:18-+-xt (5) 
Chlorine - - - - - - : - - - (6°70 to 16:80) 12°99 (5) 
Solids in Suspension - - - - . - - - (4°32 and 9°50) (2) 
Solids by Centrifuge (vols.) — - 1 ae - -  - (25:0 to 84:0) 52:0 (6) 
Ratio of Solids in Suspension to Centrifuge Solids - 1to10‘7and1:88 (2) 
Incubator test (Scudder) - - - - - - - 1+ (1) 
Incubator test (by smell) - - : : - : - - *6— (6) 
Smell when drawn - - - - - - - - . . z 2+-3— (5) 
Smell when analysed ref a eee oe - . . - 14+4— (5) 





Like the hourly samples of effluent, these chance samples were of very poor quality, 
the best being No. 3128A, an effluent resulting from one hour’s contact of the dilute storm 
sewage, No. 3128. It was the only effluent examined which contained any oxidized 
nitrogen on the day of analysis (0°68 part nitrous and 0°23 part nitric nitrogen). As 
compared with the sewage, No. 3128, it showed the following reduction in figures :— 


‘Oxygen absorbed” at once - - - 29 per cent. reduction. 
# ¥ in 4 hours - - ol a , 
Solids in Suspension — - : - - Tiga 3 


Taking the six chance samples of effluent together, they were for the most part brown 
and turbid, with considerable quantities of suspended solids (fully 5 parts on the average, 
as reckoned from the centrifuge figures), and all but one had more or less of a sewage 
smell when drawn and also when analysed. Compared with the five hourly day sets 
of samples of trough liquor, they show the following reduction in figures :— 


‘“ Oxygen absorbed” at once - - - 57 per cent. reduction. 
_ z, in 4 hours - - STOO <s + 
Solids in Suspension (as reckoned mainly 
from the centrifuge figures) - ce 180 broay, approx. 


Bacteriological results.—The results of the bacteriological examination of the contact 
bed effluents are shown in the accompanying table. Generally speaking, the B. coli. 
indol, neutral red broth, lactose peptone milk, and bile-salt glucose peptone tests yielded 


* It was considered unnecessary to incubate some of the samples. 


+ “6:18+x” means “at least, 6°18.” 
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positive results with -00001 c.c. (100,000 per c.c). The B. enteritidis sporogenes test 
gave a positive result with -01 c.c. (100 per c.c.) in three out of five samples 
examined. 





In. =Indol test. | 
N.R. =Neutral red broth 














Bratt test. B. enteritidis 
sen ae tbe B. coli test. | L. P.M. = Lactose peptone sporogenes Remarks. 
aoe milk test. test. 
B.S.=Bile salt glucose 
peptone test. 

3053. Newton - le - 100,000 10,000 not 100,000 In. | 100 not 1,000 |“ Gas”test+-001c.c. 
Willows contact bed (+ indol) 100,000 N.R. 24 hours at 20°C. 
effluent, 18/11/02. (+ clot) 10,000 not 100,000 L.P.M. 

100,000 B.S. | 

31284. Newton -le - rai 100,000 N.R. 10 not 100 
Willows contact bed 
effluent, 18/3/03. 

32288. Newton-le - 100,000 100,000 N.R. 100 not 1,000 
Willows contact bed (+ indol) 
effluent, 1/9/03. (+ clot) 

3233. Newton - le - = 100,000 N.R. 100 not 1,000 
Willows contact bed 
effluent, 2/9/03. 

3468. Newton - le - 100,000 100,000 N.R. 1,000 not 10,000 
Willows contact bed (+ indol) 100,000 B.S. 
effluent, 6/6/04. (+ clot) 











Effect of Temperature upon the Working of the Beds\—Not many measurements of 
temperature have been made at Newton for the Commission, but, so far as they go, they 
indicate that the working of the beds is not affected to any extent by the ordinary 
variations in temperature of the atmosphere or the sewage. 


SUMMARY. 


The main object in selecting Newton-le-Willows as a place for observation, was to 
study the effect of treating slightly settled crude sewage of a slop water character, from a 
somewhat small community, upon single contact beds, the installation being of a simple 
and inexpensive character. 


The day sewage at Newton, though not containing a high proportion of nitrogen, 
is of more than average strength as regards oxidizable matter, measured by the “‘ oxygen. 
absorbed ” test; and, excepting for a slight settlement of suspended solids, the trough 
liquor is of the same composition as the day sewage. 


Apart from the question of grit, the settlement effected by the troughs was very 
small, something like 30 parts per 100,000 of suspended solids being left to go on to the 
beds. 


It was not of course to be expected that sewage so strong as this could be treated 
on single contact beds, at the rate of about 90 gallons per cubic yard per day, so as to yield 
a reasonably pure effluent. Indeed it is difficult to see how a satisfactory effluent could 
be obtained from such a sewage by single contact, under practical conditions of working. 
At the same time, the treatment did remove a very large proportion of the impurity 
of the sewage. 


With an average of 1} fillings of trough liquor per day, the beds have, so far, lasted 
for five years. So long as this rate of working was adhered to, the beds maintained 
their capacity well, but an increased rate of 24 fillings per day resulted, in so short a time 
as two months, in bringing the surface of the beds into such a sodden condition that 
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they would soon have become unworkable, if the old rate had not been reverted 
to. That the clogging was mainly confined to the surface of the beds was clear:y shown 
by the subsequent capacity measurements. 


Had the material on the surface of the beds been larger, the prejudicial effect of the 
increased number of fillings would have been longer in showing itself; but, on the other 
hand, this effect would have been more permanent, in that the beds would have lost 
capacity throughout, and not merely in the surface layers. 


A point of special interest is that, excepting when the screens are taken up out of 
the sewage channels, there is practically no smell attending this method of sewage 
treatment. Further, it may be noted that under the existing conditions, the day (s‘op- 
water) sewage from a population of about 9,000 persons has been purified to a considerable 
extent for five years at small outlay. The tanks (which are now the filters) originally 
cost about £500, and were subsequently filled with clinker, at a further outlay of £160, 
while the working expenses have amounted to about £72 perannum. Without, therefore, 
modifying what has already been said with regard to the quality of the effluents at 
Newton, the foregoing facts indicate that the treatment of the sewage of a small town 
need not necessarily be upon very expensive lines. 


We are indebted to Mr. Arthur Bowes, Surveyor to the Newton-in-Makerfield Urban 
D:strict Council, and to Mr. Ernest Haynes, Manager of the Sewage Works, for help in 
connection with our work at Newton. 
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NORMANTON SEWAGE WORKS. 


(NORMANTON URBAN DISTRICT COUNCIL.) 





1. Situation of works - < 2 d . 


2. Methods of treatment - i “ 


3. Population draining to pees during observa- 


tions - - - - - - 


4. Water supply in aes Bee bend ans whence 


obtained - - 


5. Number of W.C.’s_ - Z i ‘ 


6. Sewerage system - - - -— - 


7. Average dry weather flow of sewage in gallons 


- 175,000. 


per 24 hours - - : ; 
8. Gallons of sewage per head per day - 


9. Character of the sewage - : : a 


10. Period of observations” - : q A 


11. Age of filters - : : : nei ag 


12. Amount of storm water treated on filters during 


observations : : E ; : 


13. Total capacity of tanks in gallons 


14. Total area of filters in yards super -~— - 


- (1) Day 


- Rather more than a mile from the 


main body of the population. 


sewage on Tuesdays, 
Wednesdays and Fridays: chemi- 
cal precipitation, continuous flow 
subsidence, and filtration through 
percolating beds of very fine 
material (International process). 
(2) Day sewage on Mondays, 
Thursdays, Saturdays and Sun- 
days, and all night sewage: 
chemical precipitation and con- 
tinuous flow subsidence, followed 
by filtration through land. 


- 12,600 (estimated average). 


- 18. Wakefield Corporation water 
supply—a soft moorland water. 


- 250. 


- Combined. 


- 18°9. 


- Very soapy domestic sewage, con- 
sisting chiefly of slop-water. 


- 1908 and 1904. 


- 18 years. The filters were first used 


in 1885. 


- Practically none ; that is to say, the 
volume of sewage liquor treated in 
the filters is almost constant. 


- 101,250. 
- 161°3. 
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15. Total cubic content of filters in yards cube - 174°8. 
16. Nature of filtering material - - - — - Gravel, river sand and polarite. 


17. Gallons of precipitation liquor treated per yard 


super per 24 hours (all filters included) - - 106°2. 
18. Gallons of precipitation liquor treated per yard 
cube per 24 hours (all filters included) - - 98. 
19. The final effluent is discharged into - - The Waindyke Beck, a polluted 


stream forming a tributary of the 
river Calder. 





FLOW OF SEWAGE. 


As the sewerage of the district is upon the combined system, large volumes of 
storm water gain access to the sewers in times of rain. Some of this is diverted 
to the Wain Dyke and to the Ashfield Beck over the three overflows in the system ; 
but as the main sewer occasionally runs full bore, a flow at the rate of approximately 
1,500,000 of gallons per day can reach the works. We have ourselves measured 
a rate of flow equivalent to this, and also a 24 hours’ flow during a rain-fall of 
*72 inches of approximately 800,000 gallons. At such times, however, the excess 
over three or four times the dry weather flow of 175,000 gallons per day is diverted by 
means of a by-pass to the Wain-Dyke Beck, and the amount treated may therefore be 
said to seldom exceed 600,000 gallons per day. 


Continuous daily measurements of the total (high and low level) flow of sewage were 
made over a period of two months in February and March, 1904. During this time there 
were two short periods of dry weather, one lasting a fortnight and the other a week, and 
the average daily flow throughout each of these was approximately 175,000 gallons per 
day. Probably, notwithstanding the dry weather, the flows at this time of the year would 
still be affected by the winter rains, and this figure of 175,000 gallons per day, which 
for the purposes of calculation has been taken as the dry weather flow, may therefore be 
somewhat too high, although from the water supply and from the fact that the sewers are 
known to leak in several places, it cannot be very much so. 


During dry weather, except at the three times in the day when the low level sewage is 
pumped up into the main inlet channel, the flow is of an even character, varying gradually 
from a minimum rate of 240,000 gallons per 24 hours to a maximum rate (in winter) 
of 350,000 gallons per 24 hours. The pumping which takes place three times a day, at 
7.30 a.m.,2 p.m., and 4 p.m., causes a sudden rise up to a rate of rather more than 


400,000 gallons per 24 hours. 


In showery weather or when heavy rain occurs, the variations are much greater and 
considerably more rapid ; but during times of continued rain the ordinary variations are 
masked in a steady and even storm flow. The greatest variation measured during the 
gaugings was a rise of flow in the proportion of nine to one within two hours. 


On Diagram U. are given illustrations of the sewage flow at Normanton. 


Subsoil Water.—Throughout the whole of the dry weather gaugings, the night flow 
was a practically constant one at the rate of about 50,000 gallons per day, and it is therefore 
evident that, during the winter months at any rate, large quantities of subsoil water gain 
access to the sewers in dry weather. 





Diagrain_U., 
DIAGRAMS SHOWING FLOW OF SEwacE at Normanton 


AS FALLING OVER A WEIR 24 wibeE. 
Note:- Over a Weir 24" wide 1-0 inch 
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Note - The almost regular increases of flow which take place at about noon, | . 


5p.m.&8 a.m. at Normanton are due to the pumping of a small portion ! 
of the sewage. 
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_ Crude Sewage.—Five samples were examined chemically, three hourly and two chance. 
The sets of hourly samples, Nos. 3434, 34388 and 3442a, extending over the usual three 
days, were drawn on March 2ist-24th, 1904; during this time the weather was 
dry, excepting for a heavy shower on the evening of the 22nd. A chance sample of 
night sewage was also taken on Wednesday, March 23rd, 1904, at 4.80 a.m. The 
figures for the only other sample of sewage examined, No. 3129, drawn on Tuesday, 
March 24th, 1903, at 3.30 p.m., may also be given here ; this last sample was taken on 
Sate (washing day), during a period of dry weather, excepting for a few showers on the 

onday. 


| ay 


The following results were obtained :— 


























Parts per 100,000. | Average. prey Soraee Nene 
Estimations. | No. 3,442. | No. 3,129. 

Ammoniacal Nitrogen - - - (64910785) | 6°95 (3) | 484 9-20 
Albuminoid Nitrogen - - - (1:26 to169)| 1:50 (3) 0:76 1:89 
Total Organic Nitrogen - - - (1:93 to3:80)| 3:09 (3) | ost (2) se 
Reediurogens ee 0:0 - (8) 00 4 
Total Nitrogen - - - -  -(843 to11-65)| 10.04 (3) 5°65 ae 
“Oxygen absorbed” at 27°C. af once (3°87 to 7°73) | 6°34 (3) 1-71 9°69 

49 Br 4 ours 19'69 tb 35-17) | 29:25 02 | © (3) 7-03 49-07 
eee eee et -Y (13:82 to 19-18)\| 15°87 (3) 11-98 ae 
Solids in Suspension - - -  - (29:9 to 75-7) | 55-0 (3) 21:70 | 117-7 
Solids by Centrifuge (vols.) - (275:0 to 519-0) | 415-0 (3) 113°0 Too coarse. 
an ee Sie “4 (1:69 to1:92)| 1:7.9 (3) 1:54 








The above figures show that the crude sewage at Normanton is organically very 
strong, though perhaps the conditions under which the samples were drawn tended to 
accentuate this. The first hourly set, No. 3434, was taken on Monday—Tuesday, on a dry 
day aiter fairly dry weather. . While the second hourly set, No. 3438, was being drawn, 
a heavy shower, amounting to 0°03” rainfall, occurred on the Tuesday evening, and this 
evidently had the effect of washing considerable quantities of solids out of the sewers, 
two of the hourly fractions being very dark from storm water ; for the same reason the 
chance sample ui weak night sewage, No. 3442, was also probably affected. The third. 
hourly set, No. 34424, was drawn on Wednesday-Thursday in dry weather, but on slaughter- 
ing day. The chance sample, No. 3129, was taken, as already stated, on a washing day 
in March, 1903. 


In appearance these samples were soapy and turbid, and they all, even the weak 
night sample, had a more or less strong soapy smell. The suspended solids in the chance 
sample, No. 3129, amounted to as much as 118 parts and were very coarse in character. 
Even making every allowance, therefore, for the circumstances mentioned above, there 
can be no question as to the great strength of this dry-weather sewage. It will be noted 
that the night sample was unusually strong, this being due to Normanton having a large 
mining and railway population, part of whom work during the night. | 


Bacteriological Notes.—Two samples (Nos. 3129 and 3442) were examined bacterio- 
logically. The B. coli test and presumptive tests for B. coli yielded positive results with 
‘00001 c.c. (100,000 per c.c.) in the case of sample 3129. Sample 3442 yielded lower 
results, but this was a sample of night sewage. As regards the B. enteritidis sporogenes 
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test, sample 3129 yielded a positive result with ‘001 c.c. (1000 per c.c.) and sample 3442 
with :1 c.c. (10 per c.c.). 














B.S.=Bile-salt glucose 
peptone test. 
Th ae Number of B. Coli N.R. = Neutral red broth | B. Enteritidis 
é c, 1 (or gas-forming test. Sporogenes Remarks. 
Areas Coli-like microbes).| In. = Indol test. test. 
L.P.M. = Lactose pep- 
tone milk test. 
































3129. Normanton 100,000 100,000 B.S. 1,000 not 10,000 
crude sewage, (+ indol) 100,000 N.R. 
24/3/03. ( — clot) 100,000 In. 
3442. Normanton /10,000 not 100,000 10,000 not 100,000 N.R. 10 not 100 
crude sewage, night (+ indol) 
sewage, 23/3/04. | (+ clot) 
SCREEN. 


As it flows to the tanks, the sewage passes a 1” screen. This is raked once a day, 
and the screenings are tipped into the sludge lagoon. 


PRECIPITATION TANKS. 


Number - - - - - 3. 

Size - Oe I 30 by oe 
Depth of water - - - - 6% 

Capacity ofeach - - -  - 88,750 gallons. 
Total capacity - - -  - 101,250 gallons. 


Construc‘ion.—The tanks are contructed of brick and cement walls with concrete 
bottoms. They are fitted with sludge valves and floating arms. 


Precipitant.—The precipitant used is Alumino-ferric. It is added in the form of a 
block, placed in the main inlet channel. In the years 1903 and 1904 the quantities used 
were 25 tons and 30 tons respectively, and on the basis of the dry weather flow, this is 
equivalent to about 6°7 grains per gallon. 

Flow through.—With a dry weather flow of 175,000 gallons per 24 hours, the flow 
through the three tanks would be once in 14:7 hours, at the rate of 1:22 inches per minute. 


Working.—The tanks are used in series, and as a rule all three are in use at the same 
time; but during the sludging which occurs every week, two tanks are kept working while 
the third is being sludged. 

Sludging.—On Thursday of every week all tig tanks are emptied and cleaned, 
The operation is carried out as follows :— 


After the supernatant liquid has been drawn off by means of the floating arms, the 
sludge gravitates or is pushed to a sludge sump, from which it is lifted by means of a 
valve pump worked by a gas engine and delivered to one or more of the sludge lagoons. 
The supernatant liquor is filtered on an area of about a quarter of an acre of low-lying land. 


The sludge lagoons cover an area of approximately a quarter of an acre, and are 
constructed by simple excavation in the heavy soil, being drained by means of agricul- 
tural pipes laid at the bottom of grips, 18” deep, cut in the soil. They also drain on to 
the plot of land which receives the tank liquor when the tanks are emptied for sludging. 


In the lagoon the sludge is allowed to dry naturally ; but the process, especially in 
wet weather, is an extremely slow one, and it is usually some months before the sludge 
is dry enough to be removed. When it is dry, however, there 1s little difficulty im dis- 
posing of it, and it is either given away to farmers or put upon a neighbouring field which 
is rented by the Council. A considerable nuisance arises from the sludge as it dries in 
the lagoons. 


Precipitation Liquor.—Six sets of hourly samples and seven chance samples of pre- 
cipitation liquor were examined chemically. The hourly samples were drawn on March 
2ist-24th, 1904, on the same days as the hourly samples of sewage. They were taken 
in two series of three sets each, Series A representing the whole 24 hours’ flow of pre- 
cipitation liquor, and therefore corresponding to the hourly samples of sewage, while 
Series B represents the precipitation liquor drawn during the nine day hours (9.30 a.m.- — 
5 30 p.m. inclusive), and corresponds to the hourly samples of effluent. 


Fé 


The following 


Series A. 


Ammoniacal Nitrogen - 


Albuminoid Nitrogen - 


Total Organic Nitrogen - 


Oxidized Nitrogen - 


Total Nitrogen - - 
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results were obtained :— 
(HourLy Sampues Nos. 3,435, 3,439, 3443.) 











“Oxygen absorbed” at 27° C. (86° F.) at once 


9 


Chlorine 


39 9 


a“ 


Solids in Suspension 


Solids by Centrifuge (vols.) 


» mAéAhours - 


Ratio of Solids in Suspension to Centrifuge Solids - 


The above samples of precipitation liquor, like the corresponding samples of sewage, 











Parts per 100,000. | Average. 
- (4:80 to 6:06) 5-46 
- (0°65 to 0:93) 0:80 
- (1°70 to 2:38) 2:04 
0-0 
(6°50 to 8-44) 7:49 
(1:95 to 4°63) 3:23 
- (9°48 to 15°54) 12:98 
(13°30 to 15:30) 14:33 
- (13:3 to 20°3) 17°9 
- (96-0 to 115:0) | 1080 
(1:56 to1: 72) 


| 1:62 








Number of 


Estimations. 


(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 





increased in strength from the Monday to the Wednesday, though this increase was, of 


course, less marked in the case of the precipitation liquor. 


The samples were all brown 


coloured and turbid, with a somewhat sour smell, the quantity of suspended matter 
present in them (17°9 parts on the average) being very large. In every respect the dry 
weather precipitation liquor for the whole day at Normanton is a very strong one. 

As compared with the hourly samples of sewage, they show the following reduction 
in figures :— 


Calculated on :— 
Total Nitrogen 
Albuminoid Nitrogen” - 
Total Organic Nitrogen - 
‘“‘ Oxygen absorbed ”’ at once 
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99 
Solids in sus 


an 4 hours 
pension : 


Solids by centrifuge (vols.) - 


SERIES B. 


Ammoniacal Nitrogen 


Albuminoid Nitrogen - 


Total Organic Nitrogen - 


Oxidized Nitrogen - - 


Total Nitrogen - - 
“Oxygen absorbed” at 27° C. (80° F.) at 


” 


Chlorine - 


9 ” 


Solids in Suspension 8 


” um 


Solids by Centrifuge (vols) - -  - 


Ratio of Solids in Suspension to Centrifuge Solids 


6225. 


once 


4 hours 


Parts per 100,000. 


47 
34 
49 
56 
67 
74 


99 


29 


99 


2) 


99 


>) 


(HouRLY SAMPLES Nos. 3436, 3440, 3444). 


Average. 


25 per cent. reduction. 


Number of 
Estimations. 





(4:18 to 5°75) 
(0°56 to 0-80) 
(1:47 to 1:99) 





(8-65 to 7-74) 
(1-46 to 3°54) 
(710 to 12:96) 


- (12-76 to 14-88) 
- (10°60 to 15-80) 
- (1010 to 112:0) 


-1:6°4 to1:10°) 


4:90 
0-68 
1-79 
0-0 
6-75 
2.44, 
10°32 
13°58 
14:00 


1070 


it 


: 79 





(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 


3 F 
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A comparison of these figures with those of Series A shows that the day precipita- 
tion liquor is not quite so strong as the liquor taken over the whole 24 hours 
of the day and night together. The difference is not very great, but still it is quite 
appreciable all through ; it is noteworthy that the suspended solids only averaged 14 
parts, against 17-9 parts in the 24-hours samples. This day dry-weather liquor, however, 
is still a strong one for the filters to treat. The reason for its being less strong than the 
24-hours’ sample is that it contains a large proportion of the liquor from the precipitated 
night sewage. 


In addition to the hourly samples, seven chance samples of precipitation liquor, Nos. 
3130, 3224, 3265, 3281, 3358, 3365 and 3385, were examined. With the exception of 
one, these were all drawn in the cooler months of the year, between the hours of 10 a.m. 
and 3.35 p.m., and, excepting for two practically dry-weather samples, they were all taken 
after either showery or wet weather. They therefore vary greatly in composition, but 
may spard a be taken generally as representing something like the average liquid treated 
on the filters. 


The following results were obtained :— 

















Parts per 100,000. | Average. | umPOE ot 
Ammoniacal Nitrogen - - - - = - = (227 to 7-04) 4-81 (4) 
Albuminoid Nitrogen -~ - - ores - (0°40 to 0°68) 0-54 (4) 
Total Organie Nitrogen - > > on, + ry, 098t0147)| 1m | @). - 
Oxidized Nitrogen - - = - (0-30 and 0-94 in two samples) rs ese 
Total Nitrogen." ~~ + )-cf =o. ' = "hs 21) = 1049 (8:08st0 8-1) 568 - |: 6). 
“ Oxygen absorbed” at 27° C. (80° F.) af once - - —-, (1°07 to 3°58) 1:80 (7) 

F x v F in 4hours - - (474 to 11-18) 7-68 (7) 
Chlorine boos | eS i aah ok See a ene me LQ et ree 12:86 (5) 
Solidsin Suspension -+ - “4 -- = = -+ (2°70 to 18°80) 7:40 (6) 
Solids by Centrifuge (vols.) -  - -  - -  - (18:0 to 107:0) 540 (7) 
Ratio of Solids in Suspension to Centrifuge Solids - (1: 5:1 to 1: 12°7) 12.9% (6) 





All these samples had a soapy or tank smell on the day of analysis, excepting No. 
3265, which was drawn after heavy rain; that sample had an earthy smell, but failed to 
withstand incubation. The large quantity of oxidized nitrogen—0°94 part—found in 
No. 3,38854, another (rather dilute) sample taken after rain, shows that considerable 
subsoil water gains access to the sewers. The suspended matter in these chance 
samples averaged 7-4 parts and was of a flocculent character. Jt will be observed that 
the chlorine figurefor all the samples of sewage and precipitation liquor was decidedly 
high. 


The chance samples of precipitation liquor are, therefore, on the average, distinctly 
weaker than the hourly day samples (Series B). Still, it is evidently a comparatively rare 
thing for the filters to have a weak tank liquor to treat. 


A comparison between these chance samples of precipitation liquor and the hourly 
samples of sewage is not of much value, but one or two reduction figures may be given :— 


Calculated on :— 


Total Nitrogen - - - - + - ° = 48 per cent. reduction. 
“ Oxygen absorbed,” atonce > 3 = Toe be 

ie 3 in4hours- - - 74 ,, x 
Solids in suspension -~ - 3 * - 87 " ss 


Bacteriological Notes.—Seven samples were examined bacterio'ogically. Excluding 
sample 3385a, all the samples yielded positive results with from ‘0001 c.c. to ‘00001 c.c. 
10,000 to 100,000 per c.c.) with the B. coli test and presumptive tests for B. coli. The 
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B. enteritidis sporogenes test yielded positive results with fr ‘1 c.c. to ‘01 c.c. (10 to 1000m 
per c.c.). Sample 3,385 yielded lower results with the B. coli and neutral red broth tests 
(+001 c.c.; —-0001 c.c.), but higher results with the B. enteritidis sporogenes test 
(+001 ¢.c.). Possibly these results are to be ascribed to rain having fallen during several 
days previous to the collection of the sample and to the presence of road “ washings,” 
which would be likely to alter the ordinary ratios of B. coli and B. enteritidis sporogenes. 





| B.S.=Bile salt glucose 
peptone test. 


Deseription of the Number of B. Coli N.R.=Neutral red broth B. Enteritidis 





























. (or gas forming test. sporogenes Remarks. 
Sample. ‘Culi-like microbes). In.—Indol test. test. is 
a L.P. M.= Lactose peptone 
milk test. 
3130. Normanton 100,000 100,000 B.S. 100 not-1,000 
precipitation liquor, (+ indol) 100,000 .N.R. 
24/3/03. (— clot) 100,000 In. 
39281. Norinanton 100,000: 100,000 N.R. 10 not 100° 
precipitation liquor, | © (-— indol) 
31/10/03. (— clot) 
3365. Normanton 100,000 _ 100,000 N.R. 100 not 1,000 
precipitation liquor, (+ indol) ; 
22/1/04. (— clot) 
33854. Normanton | 1,000 not 10,000 | 1;000 not 10,000 N.R:° | 1,000 not 10,000 
precipitation liquor, (+ indol) 
15/2/04. (+ clot) a 
3435. Normanton /10,000 not 100,000 10,000 not 100,000 N.R.|} 160 not 1,000 
precipitation liquor, (+ indol) 
22/3/04. | (+ clot) 
3439. Normanton /10,000 not 100,000 10,000 not 100,000 N.R. 10 not 100 
precipitation liquor, (+ indol) 
23/3/04. (+ clot) 
3443. Normanton {10,000 not 100,000 10,000 not 100,000 N.R. 10 not 100 
precipitation liquor, (+ indol) 
24/3/04. (+ clot) | 
FILTERS. 
Number - - - - Ao Re 
Size of each - - - = 20° by 22". 
Area of each - - ++ + 484 square feet. 
Total area - : : - 161°3 square yards. 
Depth of material - - “003 
Cubic content of each - - 1,573 cube feet. 
Total cubic content - - 174-8 cube yards. 
Material—top - - - - 12” sand. 
oe middie, - - - 12” polarite and sand, mixed. 
Pee pottoms \- - - 15” pebbles, varying from 4” to ” 
diameter. 
Construction - s - - Brick and cement walls with concrete 
: bottoms. 
Distribution - se ee - One iron channel.laid down the cen- 
tre of each bed. 
Underdraining - * Nos - Eleven lines of 3” agricultural pipes, 


connecting to one:6” main drain. 


Age of Beds.—The beds were put down in 1885, their original composition—from 
the top downwards being 12” sand, 12” polarite and sand, 3” sand, and 15” pebbles; 
but the 3” of sand between the polarite and the gravel gradually became choked, and 
this was, therefore, removed in 1897. 


6225.—App. III. 32 
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Working.—The filters are used on three days in the week only (Tuesdays, Wednes- 
days and Fridays), two filters being in use at one time and the other resting. When in 
use they receive precipitation liquor from 9 a.m. in the morning to 4 p.m. in the after- 
noon, and are rested at night and all day on Mondays, Thursdays, Saturdays and Sundays. 


At the end of a period of 7% hours work, the surfaces of the two filters which have 
been used are swept over with a brush while still under water, and are then allowed to 
drain until they are again brought into use. 


A more complete cleaning takes place every three months, when each bed is washed 
by an upward flow of filter effluent, obtained by delivering tank liquor on to the two 
other beds when the valves of all three are shut. Being connected together at the 
bottom, the water thus rises up through the material of the third bed and, as it 
does so, the surface sand to a depth of a few inches is agitated under water by means 
of a rake. 


When a filter is first brought into use, the precipitation liquor sinks into the bed 
fairly rapidly ; but after an hour or so, the finely divided matter which is caught in the 
first few inches of the sand renders the filtration more slow, and from that time the bed 
becomes completely ponded. The surfaces at the end of the day’s work are usually 
covered with precipitation liquor to a depth of 9”. 


Effluents.—Besides eleven chance samples, three sets of hourly samples of effluent, 
Nos. 8487, 3441 and 3445, were examined chemically. These were drawn on March 21st- 
24th, 1904, from 9.30 a.m. to 5.30 p.m. each day, from beds B and C, A and C, and A 
and B, respectively, and they are, therefore, comparable with series B of the hourly 
samples of precipitation liquor. They gave the following results :— 





Parts per 100,000. Average. ee bai aie 

Ammoniacal Nitrogen = SE 2 pS EE EE ee UC oar) 2°58 (3) 
Albuminoid Nitrogea = == | 3 OR gto (3) 
Total Organic Nitrogen - - - - - - - (0°30 to 0°65) 0°51 (3) 
Oxidized Nitrogen - - - ee Od ee 1:33 3) 
Total Nitrogen - - - . - - - - - (411 to 4.88) 4°41 (3) 
“Oxygen ab orbed” at 27° C. (80° F.) afonce - - - (0°49 to 0°66) 0:57 (3) 

. Br Ne Oa Honrsiit vost!) 0. 10130) to) 2 aa 8) 
Chlorine == - 5 6-5 = 4 2 RE So elget Ses °-(12°04 to 14:00) 13:17 (3) 
Solids by Centrifuge (vols.) He lie ~ ni ota in LOO tO Oty 410 (3) 
Incubator test (Scudder) — - - - - - - 3 : - ‘ aan (3) 
Incubator test (by smell) - - - - + we + = = 2+,1 (4) (3) 
Smell when drawn - . - - : - - - - - -| 14,2 (%) (3) 
Smell when analysed + = © ‘= + 2 ‘= - - A a (3) 


The above hourly samples of effluent were slightly opalescent, but remarkably free 
from suspended matter; they contained, in fact, little more than a trace. All 
of them had a clean smell on the day of analysis, and they may be taken, practically 
speaking, as haying all withstood incubation. Two of them, however, were noted as 
having a Coubtful smell when drawn. The first effluent of the three was distinctly the 
best, this being, no doubt, mainly due to the beds having had two days’ rest previous 
to the sampling. The effluents may be described as fairly good, but the purifying pro- 
cess had not been carried quite to its full extent, probably because of the rapid rate of 
filtration of a concentrated liquid. Still, for a single treatment of a strong precipita- 
tion liquor, the purification effected 1s striking. 
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Compared with the 8-hourly samples of precipitation liquor, series B, to which those 
effluents correspond, we get the following reduction in figures :— 


(The reduction, as compared with the 24-hourly samples of sewage, may also be given, 
but in this case it will appear rather greater than it really is, seeing that the 8-hourly 


samples of precipitation liquor were distinctly less strong than the 24-hourly samples of 
that liquor.) 


Precipitation Liquor. 











Calculated on :-— Sere Samples. eer de cles 
erves B. 

Total Nitrogen - - - - - - - - | 35 percent. reduction. | 56 per cent. reduction. 
Ammoniacal Nitrogen He oh ie : alse Se pater a Ls ge Ds x 
miburmmoidge Nitrogen =y)) =) | b= ie se 6B! CG, y BUM Fit}, » 
Total Organic Nitrogen - - - - - oP VSL aed 9 Ca, ” 
ye ea osOrbed wal onto 63 5 ff  -ee 2 | TT. 91 % 
* i in 4 hows - : : : rater Somer Jan ts, 9 
Bods bya@envriuge, (vols) -2otye: ioe t. | 96 ,, 33 99, » 


ee a Ea ae ee ee 


Effluents,—Chance Samples.—Eleven chance samples of effluent were examined 
chemically, viz., Nos. 31804, 32253, 32260, 3266, 3267, 32794, 32808, 3282, 3359, 
3366 and 33868. Of these, Nos. 32258 and 3226c, 3266and 3267, 3279 and 32808 
were drawn from the same beds during the same periods of working, but after the liquor had 
stood on the beds for different lengths of time. They are therefore taken here as separate 
samples. With two exceptions the eleven were taken in the cooler montks of the year, two 
of them in dry weather and the remainder in dry weather following wet. When the 
samples were taken the beds had been at work for different lengths of time, varying 
from about 20 minutes to 2 days. | 


They gave the following figures on analysis :— 








Periaper200000.| Average. | Suber of 

Ammoniacal Nitrogen- - - - - - - (012 to 3°96) 1°42 (11) 
Albuminoid Nitrogen - - - - - - + (0:06 to 0°22) 0°10 (11) 
Total Organic Nitrogen - - - -  - _ - (014 to. 0°77) 0:54 (4) 
eee eC = gent ric (025 to 1153) 3:00 (11> 
Containing Nitrous Nitrogen eee) oe ieee ea tO)? ~ to; 0:36) 0°10 (11): 
Motal Nitrogen = = - - = ae el) (277 to 718) 4:06 (6) 
“Oxygen absorbed” at 27° C. (80° F.) at once - - (0°19 to 1°60) 0:50 (11) 

5 " eS in 4 hours - (0°61 to 3-20) 1:27 (11) 
Dissolved Oxygen taken up in 24 hours (approx.)-  - (0°23 to 1:19) 0°69 ap. (5) 
Bieernoe lel ee (8°20 to 15°94) 11:24 — (7) 
Solidsin Suspension - - - - ©- -  - (1°80 and 1°16) = (2) 
Solids by Centrifuge (vols.) - - - - -  ~- (Trace to 30:0) 9-2 (10) 
Eicabator Desti(Sendder)* - ~~ =< ~.- - s+ .- : - | 9+ (9) 
Incubator Test (by smell) - - : - - - - . - 10+, 1— (11) 
ola ORI eS Oe eee ee ae Oe Re (41) 
Smell when analysed - - - - - - - - : : 11+ (11) 
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The first of these effluents, No. 31380a—an effluent from strong liquor, drawn after 
the beds had been ponded for a long time—was slightly turbid and brown, but all the 
others may be described generally as opalescent and almost colourless. In only two 
cases did they contain any appreciable quantity of suspended solids, and then the amounts 
did not exceed about 2 parts per 100,000 (judging from the centrifuge figures). Six 
out of the eleven had a clean smell when drawn, while one was doubtiul and four smelt 
more or less of sewage. On the other hand all the eleven, with the possible exception 
of No. 3,859, had a clean smell at the time of analysis and all of them but one withstood 
incubation. The quantity of dissolved oxygen taken up in 24 hours by five of the effluents 
averaged 0°69 part approximately. In every case but that of No. 3,1304 there was a 
considerable quantity of nitrate present. With two exceptions, therefore (Nos. 31304 
and 3359), it may be said that these effluents were of very fair quality, and even one of 
those two withstood incubation. The general figures of analysis confirm’ what 
has been already said with regard to the hourly samples, viz., that the percentage reduction 
of impurity effected by this system of single filtration is high, though the purification 
is not perhaps carried quite so far as it might be, over part of the time of working. 


Compared with (a) the chance and (b) the 8-hours samples of precipitation liquor, 
the chance samples of effluent show the following reduction in figures; the corresponding 
reductions on the 24-hours samples of sewage may also be given, though, for the reasons 
stated, these ave shown to be greater than they really are. 


Precipitation Liquor. Sewage. 


Calculated on :— 


a) (b fal 
Chance Samples. | 8 Hours’ Samples.- 24 Hours Samples. | 











Ammoniacil Nitrogen-°—- - - - 71 per cent. | 71 per cent. 80 per cent. reduction.” 
Albuminoid Nitrogen - wie - =a BL | “eset hy 85 S 93 gis, 3 
“Oxygen absorbed” at once - Hs : - 72 sae 80 x 92 » ree, 
Meiiee be in4hours - - — - SHsE,, SOE ay} O65 2 eet 
Solids by Centrifuge (vols.) - - - 83 # 92 t 98 ” ” 





Bacteriological Notes.—Hight samples were examined bacteriologically. As regards 
the B. coli and neutral red broth tests, two samples yielded positive results with ‘0001 c.c. 
(10,000 per c.c.) ; five samples with ‘001 c.c. (1,000 per c.c.); and one sample with ‘01 c.c. 
{100 per c.c.). In respect of the B. enteritidis sporogenes test, two samples yielded posi- 
tive results with ‘1 c.c. (10 per c.c.) and six samples positive results with 1 c.c. (1 per c.c.). 
It will thus be seen that the process effected a remarkable reduction in the number of 
bacteria of an intestinal type. ; 








BS. = Bile-salt glucose 
peptone test. 
Description of the Number of B Cok NRG = evra red broth| B. Pe : 
Samples. (or gas-torming test. sporogenes emarks. 
Colt-like microbes).| I.N.=Indol test. test. 
L.P.M. = Lactose peptone 
milk test. 
32794 Normanton fil- | 1,000 not 10,000 | 1,000 not 10,000 N.R. 1 not 10 
ter effluent, (— indol) 
30/10/03. (+ clot) 
32808 Normanton fil- | 1,000 not 10,000 | 1,000 not 10,000 N.R. 1 not 10 
ter effluent, (+ indol) 
30/10/03. (+ clot) 
‘3282 Normanton fil- [10,000 not 100,000) 10,000 not 100,000 N.R. 1 not 10 
ter effluent, (— indol) 
‘31/10/03. (+ clot) . 
3366 Normanton fil- | 100 not 1,000 100 not 1,000 N.R. 10 not 100 
ter effluent, (+ indol) 
22/1/04. (+ clot) 
33868 Normanton fil- | 1,000 not 10,000 | 1,000 not 10,000 N.R. 10 not 100 
ter effluent, (+ indol) 
15/2/04. (+ clot) 
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B.S. = Bile-salt glucose 
peptone test. 
Description of the Number of B. Coli} N.R.=Neutral red broth} B. Enteritidis | 
Samples. (or gas-forming _ test, sporogenes | Remarks. 
Coli-like microbes).| I.N.=TIndol test. test. 
L.P.M.=Lactose peptone 
milk test. 
3437 Normanton fil- | 1,000 not 10,000 | 1,000 not 10,000 N.R. 1 not 10 
ter effluent, (+ indol) | 
22/3/04. (+ clot) 
3441 Normanton fil- | 1,000 not 10,000 | 1,000 not 10,000 N.R. 1 not 10 
ter effluent, | (+ indol) 
23/3/04. (+ clot) 
3445 Normanton fil- |10,000 not 100,000; 10,000 not 100,000 N.R.| - 1not 10 
ter effluent, (— indol) 
24/3/04. aaa (+ clot) 


























Amount of Tank Liquor treated by the Filters.—The filters treat an almost constant 
quantity of tank liquor when they are at. work...During the period of sewage flow 
gaugings in March, 1904, the amount of tank liquor-going on to the filters was also 
measured, the measurement lasting three days. The following were found to be the 
quantities treated :— its 


March 21st’ - - - - 2S es - ae 37,285 gallons. 
March 22nd_ - - - - - - - - 38,855 _,, 
March 23rd _- - - - - - - - 40,810 __,, 


The average daily amount, therefore, for the three days was 38,983 gallons. As the 
filters work only*three days of 7$ hours each a week, this is equivalent to an average of 


17,143 gallons per day for the whole week. 


On the assumption, therefore, that the filters work continuously day and night through- 
out the week, the following quantities are treated :— 
«Per square yard per 24 hours— - - - - - 106°2 gallons. 
-. Per cube yard per 24 hours - - : 2 - 98 Eee 


‘When two filters are at work, however, and are receiving about 40,000 gallons in a day 
of 74 hours, the actual rate of filtration for the time being is much higher than this, being 
at the rate of 1,195 gallons per square yard per 24 hours, or 1,097 gallons per cube yard 
- per 24 hours. 

bier Experiments upon the Effect of Pouding @.bed.2- . 

In order to study the effects produced by ponding a bed for different lengths of time, a 
few experiments in this direction were carried out at Normanton. Three pairs of samples 
of effluent, Nos. 82258 and 3$226c, 3266 and 38267, 62794 and 3280n, were drawn, 
each pair from the same bed during the same period of working, but after the bed had 
been: in use for ° different lengths of time. Their figures of analysis are given in the 
following table :— 


























32258. 228C. — || a 
i br 3267. 32808. 
a set ety nies 3966 Drawn after 39794 Drawn after 
. ; : »,..| beds had | : beds had. 
REE. after been pond-} Drawn after hgonremah Drawn after nee 
Parts per 100,000. eet the pagene? pase oe for ai hate running for 
’ y) 3 ; 3 
which had | z.e. drawn || aged for 2 Me a working for Serge 
been resting} an hour hours. a Ans 2 hours. | 1 i berth 
for two | later than : No 3966. N 5 979: 
eres aye days. No. 3225s. 2 eae vs he 
Ammoniacal Nitrogen- - - 0-12 0:37 1:09 2°40 0-18 2°15 
Albuminoid Nitrogen- -~ - 0-08 0-06 0-17 0-10 0-08 0-06 
Oxidized Nitrogen - -° -| 1153 4:94 320 | 1:38 5-86 0-83 
“Oxygen absorbed” at 27°C at once 0:27 0-28 0:53 0-83 0-19 0-14 
Ley 1 Yh 8e oy inf hours! . 090 | > 0:85 1-65 1-74 0-61 0-72 
Dissolved Oxygen taken up in 24 
mourns, ++ et 4, ENO ETERS } 0-23 0-25 ap. 
Incubator test (Scudder) - — - as a fe af + % 
oH practically. 
Incubator test (by smell) - - te ne + ae z | 3 
Solids in Suspension - - - 1°80 1:16 
Solids by Centrifuge (vols.)- - 30:0 8-0 ap. 18ap. | 72 48 
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The above figures show plainly the great accumulation of nitrate in beds which have 
rested, and they also show the gradual decrease in nitrate in the effluent as the beds stand 
ponded, although in no one of the foregoing cases was this reduction of nitrate carried 
to an extreme. Further, from the increased amounts of ammonia in the effluents drawn 
after long ponding, it is evident that the filtermg material ceases to have the power of 
retaining ammonia after the oxidizing conditions have been weakened. Thisis, of course, 
merely an experimental demonstration of what has long been perfectly well known, viz., 
the necessity for working such filters as those at Normanton intermittently. 


As bearing further on the above point, a few words may be added here with reference 
to two other pairs of chance samples of precipitation liquor and effluent,Nos. 31380 and 
3130, 33854 and 33868. No. 31304 was the only effluent sample in which nitrate was 
markedly deficient in quantity, and in this case the bed had been ponded for about 8 
hours with a strong liquor, before the sample of effluent was drawn. With precipitation 
liquor of the average strength of the chance samples examined, ?.e., with the less strong 
liquor, the method, including length of cycle of working followed at Normanton, 
produces satisfactory results ; but when the liquor becomes concentrated (as in the case 
of No. 3130, which gave the figures :—Total Nitrogen, 8:5; ‘‘ Oxygen absorbed” in 
4 hours, 11°2), the purification, as exemplified in effluent No. 31304, may be considerably 
affected. On the other hand, with a dilute wet-weather precipitation liquor, like No. 
33894 (Albuminoid Nitrogen, 0°40; ‘‘Oxygen absorbed” in 4 hours, 5°75; Oxidized 
Nitrogen, 0°94), the period of ponding on the filters may evidently be prolonged much 
beyond the usual one of eight hours, and a satisfactory effluent still be produced 


(No. 3386s). 


Effect of Temperature upon the Filters.—The observations upon temperature at 
Normanton have been made chiefly upon the occasion of each visit to the works ; but 
they have also included measurements of temperature made every few hours through- 
out a period of three days, in March, 1904. 


As no very severe weather prevailed at any time during the observations, it is not 
possible to make precise statements upon the question of how filters of this kind behave 
under such atmospheric conditions. It seems clear, however, from the chance observa- 
tions made at each visit, that the temperature of the atmosphere in ordinary weather 
has only a slight effect upon the temperature of the effluent. Although several visits 
were paid purposely during frosty weather, the temperature of the effluent was never 
found to be lower than 6° C., and the greatest fall of temperature in the precipitation 
liquor during the process of filtration was not more than 1° C. (atmosphere 5° C., precipi- 
tation liquor 7° C., effluent 6° C.) 


It is interesting to observe also that this effect was produced, not so much by a 
low temperature (atmosphere 5° C.) as by the strong cold wind blowing at the time. 


12ND, 


Only a small proportion of the total flow of precipitation liquor is treated on the 
filters. The rest is treated by intermittent downward filtration on an area of about 
14 acres of land. As this part of the process did not come within the scope of our 
investigation, little attention has been paid to it, and no samples of the land effluent 
have been taken. 


It may be observed, however, that the soil is not of a very suitable nature, though 
by opening up the drains and filling the trenches thus formed with ashes, and also by 
mixing ashes with the soil, it has been considerably lightened. 


The precipitation liquor is distributed by means of grips cut in the soil, the effluent 
being collected below by 4” and 6” agricultural pipes, laid 12 feet apart, at an average 
depth of 3’6”. The two plots are used alternately. No crops are grown. 


SUMMARY. 


The dry-weather sewage. at Normanton is very concentrated, and the night 
sewage is also much stronger than average night sewage, from the fact of Norman- 
ton having a large mining and railway population. A large quantity of subsoil water 
gains access to the sewers, but nevertheless the sewage treated at the works is a distinctly 
strong one. We are inclined to attribute its strength mainly to the fact that the water 
supply to tue population is low, only 13 gallons per head. In character it is mainly a slop 
water sewage, and we think it may be taken as fairly typical of the sewage of towns of 
moderate size in the north of England. 
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There is no grit settlement, and the whole of the sewage (day and _ night) 
is run through the precipitation tanks. The precipitation effected is not good. 
This is not due to a rapid rate of flow through the tanks, but more probably to the 
small quantity of precipitant used (6:7 grains per gallon on the dry-weather flow), 
and also to the somewhat emulsified character of the liquid. The dry-weather preci- 
pitation liquor which the filters have to treat is strong, and, althouch the average liquor 
treated throughout the year is necessarily less concentrated, it is evidently but seldom 
that what might be called:a weak liquor is run on to the filters. No difficulty is found 
in disposing of the sludge, but it dries very slowly in the lagoons into which it is 
pumped and gives rise to a nuisance there. 


The filters are interesting as being an example of the International process of 
sewage treatment, still worked on its original lines ; and especially also because the process 
involves the forcing of precipitation liquor through a fine-grained filter at a very rapid rate. 
As the results have shown, filtration by this system could not be made continuous, inter- 
mittence of feed being absolutely essential, both for mechanical and biological reasons. 


When a filter at Normanton is freshly started after a rest, 1t is well stored with nitrate, 
and the surface of the filter, though of fine material, is in a sufficiently open condition to 
allow liquid to pass through it readily. The suspended and colloidal solids in the pre- 
cipitation liquor, however, very soon begin to clog the suriace, with the result that the 
filter ponds. Hence the conditions for aeration become gradually less favourable, while 
at the same time the accumulated nitrate in the filter is being used up or washed out. 
The process must thus, of necessity, be a discontinuous one, and indeed, in practice, the 
filtration would soon stop of itself, owing to the clogging. If, however, the filters are 
worked at a proper “rate of intermittence,”’ they become good biological filters. They 
are used at Normanton for only 74 hours a day on three days of the week. 


The effluents examined were of very fair quality and showed a high degree of purifica- 
tion when compared with the precipitation liquor treated. They were exceptionally free 
from matter in suspension, only two samples out of fourteen containing any appreciable 
quantity. In every case but one there was considerable nitrate present, and out 
of fourteen samples tested (including three hourly sets), all but one withstood incubation. 
It is, however, to be noted that four of the eleven chance samples examined had more or 
less of a sewage smell when drawn, although by virtue of the dissolved oxygen and nitrate 
which they contained it had disappeared by the following morning. This would seem to 
indicate that the rapidity with which the filtration is carried out does not allow of the 
purification being quite effective over the whole eight hours, in the time that the liquid 
is actually passing through the filter. The oxidation of the organic matter of the pre- 
cipitation liquor must be to a large extent due to accumulated nitrate in the beds. The 
figures of analysis, however, are sufficient to show that the quantity of still unpurified 
matter to which the sewage smell was due must have been small, in other words the 
effluents required very little further treatment to bring them up to a high standard of 
purity. The results obtained indicate that storage of the effluent for some hours after 
it had passed through the filters would have a beneficial effect upon it. 


The brushing and upward-flow washing of the filters is easily carried out and 
does not involve much labour ; the washings are run on toland. When the filters were 
constructed in 1885, their grading, from the top downwards, was 12” sand, 12” polarite, 
3” sand and 15”pebbles. It was found, however, in 1897, .e., after twelve years’ working, 
that the lower 3” of sand had become clogged, and the filters were therefore recon- 
structed, with this portion of the sand left out. Since then they have remained quite 
clean, and up to now (1905) they show no signs of clogging. Thus, if carefully worked, 
filters constructed in this way may be made to last almost indefinitely. 


Not infrequently considerable smell arises from the sludge as it dries in the lagoons, 
but otherwise the process may be said to be free from nuisance. 


We should like, in concluding, to express our thanks to Mr. C. B. L. Fernandes, 
Clerk to the Normanton Urban District Council, and to Mr. J. Haton, the Sanitary 
Inspector, for help in connection with our work at Normanton; we are specially 
indebted, also, to Mr. J. Fowler, the Manager of the Sewage Works. 


6225.—App.—ITI. BG 
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OSWESTRY SEWAGE WORKS. 
(CORPORATION OF OSWESTRY.) 


1. Situation of works - : - . - About three quarters of a mile 
from the centre of the town. 
2. Method of treatment - - - : - Continuous flow — settlement, 


followed by filtration on double 
contact beds. 


3. Population draining to works during observations 9,800 (estimated average), 


4. Water supply in gallons per suse and whence 30 gallons; upland water from 
obtained - ; - - - - the hills N.W. of Oswestry—a 
fairly soft water. 

5. Number of W.C.’s_ - - - - - - 2,140. 

6. Sewerage system - : - . - Combined. 

7. Average dry weather flow in gallons per 24hours 350,000. 

8. Gallons of sewage per head per day - - - 857. 

9. Character of the sewage - ; - : - A domestic and market town 
sewage of about average 
strength, containing waste 
liquors from breweries and 
tanneries, 

10. Period of observations - — - : - - May, 1902 to January, 1905. 
11. Age of contact beds - - - - - 4 years. 
12. Amount of storm water treated on filters during 
observations - - : - - - A little over twice the dry 
weather flow is treated. 

13. Total capacity of tanks in gallons - - - About 60,000. 

14. Total area of filters in yards super. - - - 6,600. 

15. Total cubic content of filter in yards cube - 9,900. 

16. Nature of filtering medium - - : - Cinders, 

17. Gallons of sewage treated per yard spegt per 

24 hours (all filters included), — - - 66. 
18. Gallons of sewage treated per yard cube per 
24 hours (all figures included). — - . - §1°37. 

19. The final effluent is discharged into - - - A ditch which joins the river 

Morda. 


FLOW OF SEWAGE. 


The sewerage of the district being upon the combined system, large quantities 
of storm water enter the sewers during wet weather. As the overflow situated 
close to the works on the main sewer is the only one on the system, the whole of this 
increased flow is brought to that point. There, however, everything over twice the dry 
weather flow is diverted direct to the ditch which receives the effluent from the filter 
beds. 


The main sewer is capable of delivering sewage at the rate of something like 14 million 
gallons per day. The greatest quantity treated per day sin ing the observations was 
approximately 786,000 gallons. 


The flow of sewage was gauged over a period of nine inves in May, 1902. On 
tle first two of these days the flow was affected by three rather sharp showers (total 
rainfall 0°30 of an inch). As the ground was dry, however, the effect of this rain passed 
off rapidly, so that the gaugings during the six dry days which followed may probably 
be taken as representing approximately the dry weather flow. 


The average daily flow during the dry days was approximately 350,000 gallons. This 
fizure, therefore, has been taken as the dry weather flow. . 


/ 








HEAVY SHOWER .« 
ON DRY GROUND. 


BAINFALL OF3 INCH. 


Dry Day. 


PRINFALL NIL, 


Dav Day. 


AAINFALL NIL. 


SHOWER OW 
DAY GROUND. 
Fatal. OOS INCH 


Dev Day. 


PAWFALL N/L. 
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Diegram V. 
DIAGRAMS SHOWING FLOW OF SEWAGE AT OSWESTRY. 


AS FALLING OVER A WEIR 24 wiDE. 


Note:- Over a Weir 24 wide $5 inches = a rate of 155,700 gallons per 24 hours. 
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The flow in dry weather is of an even character, falling gradually from an average 
rate of something like 400,000 gallons per 24 hours, mick continues from about 8 a.m. 
to 6 p.m., to a minimum rate of about 130,000 gallons per 24 hours, which is reached at 
about 2 a.m, and continues until 6 a.m. 


The highest day’s flow of 412,000 gallons occurred on the Wednesday of the week, 
which is market day, and the lowest day’s flow of 289,000 gallons on the Saturday. 


In wet weather, and especially during showers, the flow is subject to large and rapid 
variations. As the gauge was only up for a short time and then mostly in dry weather, 
we have only one record of a wet weather flow; but on that occasion two increases in 
the rate of flow in the proportion of 3 to 1 within ten minutes were recorded. 


Subsoil Water.—In the wet season, a considerable quantity of water from the high- 
lying portion of the area enters the sewers, there being no other outlet for it. This being 
the case, it is reasonable to suppose that even after long continued dry weather the 
sewage is always mixed with a fair proportion of ground water, and the assumption is 
borne out by the fact that, during our dry weather oaugings in May, 1902, the night flow 
rate was never less than 130,000 gallons per 24 hours. 


On Diagram V are given some illustrations of the sewage flow at Oswestry. 


Crude Sewage.—Four sets of hourly samples, extending over one week, a sample of 
weak night sewage, and an ordinary chance sample were “examined chemically, besides 
two samples of storm water. The hourly sets, Nos. 1, 3, 5 and 7, were drawn between 
May 8th and 15th, 1902, in varied weather, three heavy showers falling on the first two 
days, ‘They may probably be regarded as approximating to the dry weather sewage. 
No. 1 represents a 24 hours’ flow of sewage, and Nos. 3, 5, aud 7 flows of 48 hours 
each, but every set is taken as one unit in working out the average; were No. 1 taken 
as half a unit, the average figures would work out a trifle higher than they do. 


The following results were obtained :— 
































No. 558 
No. 3095, heed 
Parts per 100,000 A Number of | soyage, deat Chance Saunple 
hah ee ie : verage. | Estimations. Tos Fab 10th drawn Thurs., 
1903 5 et | June 18th, 1903, 
eae as 4.15 p.m. 
Hourly Sets. 

Ammoniacal Nitrogen - (277 to 427) 3°53 (4) 461 
Albuminoid Nitrogen - - (0°67 to 1:20) 0°91 (4) 0:32 
Total Organic Nitrogen - (1:67 to 2-92) 2-25 (4); 22] 1:12 
Oxidized Nitrogen - - (0:0 to 0-28) Trace (4) | 0°75 
Total Nitrogen - 7 - (483 to 6°84) 5-85 (4) 6°48 
“« Oxygen absorbed ” at 27° C. ; | 

at once - - (1:92 to 3°63) 2°92 (4) 4°33 5°74 
«Oxygen absorbed ” at 27° C. 

in 4 hours - . - (796 to 13°87) 11:27 (4) 5-76 23°80 
Chlorine - - -  - (678 to 11°44) 9:16 © (4) | 12-58 
Solids in suspension - = - (21°30 to 35°60) 29°40 (4) | 
Solids by centrifuge (vols.) (110-0 to 1800) | 143-0 (4) | 70 300°0 
Ratio of solids in suspension | 

to centrifuge solids - (1:41 t01:63) | 1:5°0 (4) 
“Cellulose” (by Biol, acid 

and ether) = - - (4:04 to 6:16) 5:04 (4) | 
Ratio of ‘‘ cellulose” to solids 

in suspension -— - (1:43t01:79) | 1:60 © (4) | 
Incubator test (by smell) - | i 
Dissolved Oxygen taken up 

in 24 hours at laboratory 

temperature - - : 1:3 approx. 
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The last two hourly sets were very similar in composition to one another, and were 
also stronger than the first two, the variations being partly due to rain and partly to the 
flushing of the cattle market on Wednesday evening and Thursday morning. Taken all 
over, the dry weather sewage may be described as one of about average strength. 


The sample of night sewage, No. 3095, drawn at 5 a.m. in the month of February, was 
very strong ammoniacally, and also contained an exceptionally large quantity of chlorides. 
We are unable to account for the latter. It was, however, an almost clear and colour- 
less liquid, and showed on analysis nearly a part of oxidized nitrogen—a sien of subsoil 
water in the sewers. 


The remaining chance sample, No. 558, drawn on a Thursday afternoon in June, 
contained cattle market refuse. It was twice as strong as the average of the hourly 
samples, both as regards “oxygen absorbed” from permanganate and suspended solids. 
ae Sin thus varies very considerably in strength at different times of the day 
and week. 


The figures of analysis may also be given here for the two chance samples of storm 
water sewage examined. No. 510 wasdrawn on Monday, March 80th, 1903, at 4.15 p.m., © 
after the overflow had been in action for about two hours ; when No. 3,264 was drawn, 
on Thursday, October 15th, 1908, at 11.80 a.m., the overflow had been working 
for about twenty-six hours. They gave the following results :— 











Parts per 100,000. No. 510. No. 3264a. 

Aimmioniacal ‘Nitrogen 725/425 0.) 5) ERR as ST Shiite GS ei 1:24 ap. 0°94 
Albuminoid:Nitrogen, =~. > | =) 9 ee — 0:87 
Oxidized Nitrogen = -1~. @  -5 "sd — 0°36 ap 
Total Nitrogen - - - - peepee - - 3°05 sts 
Oxygen absorbed at 27° C. (80° F.) at once a es pe 2°43 1-70 

Pe - 3 in 4 hours : - - - - 13:06 8:24 
Solids in suspension- - - -  -— - =e hips lnyenigtceaaie SammenS 86°50 5°90 
Solids by centrifuge (vols.) SRY | Rese ahaa beer - = . . - 186°0 770 
Ratio of solids in suspension to centrifuge solids ois kept Ta - - 1:22 1 Sige 
Incubator test (by smell) - - - - - - - - - - Failed Failed 


No. 510 had a sour smell when analysed and contained as much as 86 parts of 
suspended solids, of which 66 parts were mineral matter; while No. 32644 was red in 
colour with blood from slaughter houses, and had a soapy smell. The desirability 
of settling and purifying such liquids as these is obvious. 


Bacteriological Notes.—ix samples of crude sewage were examined bacteriologically, 
The results are considered under “ settled sewage” in a later part of the Report. 


SETTLING TANKS. 


Number - - ee. 

Size of each : - 170 feet by 15 feet (approximately). 
Depth - = - 4 feet 6 inches. 

Capacity of each - - About 30,000 gallons. 

Total Capacity - - About 60,000 gallons. 


Constr uction.—Brick and cement walls with concrete bottoms. The sewage enters 
each tank through a single pipe connecting to the main sewer; having flowed over 
a baffle wall, situated close to the inlet end, and through the tank, it issues again — 
through a single outlet valve placed rather below the level of the liquid at the 
outlet end. . 


Working.—The tanks are used in parallel for the treatment of the whole of the 
sewage up to twice the dry-weather flow. During the cleaning of one tank the 
whole of the sewage is passed through the other. : 


FA 
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Flow Through.—With a dry-weather flow of 350,000 gallons per 24 hours, the 
flow through the tanks would be once in 41 hours, at the rate of 84 inches per 
minute. 


Sludging.—The settling tanks are cleaned out every four or five weeks in the 
following manner :— 


The supernatant liquid having been run off, the sludge is raised up by means of 
a chain-pump and delivered into a hopper, into which a supply of fine cinders is also 
directed. The mixture of sludge and cinders is then lifted by an elevator and delivered 
into small trucks for removal. The machinery is driven by steam power. 


The matter deposited in the trucks is therefore a semi-solid mixture of sludge and 
cinders. This is tipped upon the works and, having dried sufficiently to be spadeable, 
is sold to farmers at the price of 6d. per load, At one time ls. 6d. per load could 
be obtained for it, but the price has gradually fallen. 


Settled Sewage.—Four sets of hourly samples and four chance samples were 
examined chemically. The hourly sets, Nos. 2, 4, 6, and 8, were drawn at the 
same time and under the same conditions as the hourly samples of crude sewage. 
They gave the following figures :— 





Number of 














Parts per 100,000. Average. ||. Hetimationa. 
Hourly Sets. 

Ammoniacal Nitrogen - sp apts : - - - (3:25 to 3°56) 3°48 (4) 
Albuminoid Nitrogen Yat dour yey, belie oie! (0°79 to 1:15) 0-92 (4) 
Total Organic Nitrogen -~— - is ee oe, CLA tO 2°16) 1°84 (4) 
Oxidized Nitrogen - - - - : - - (0:0 to 0:2 approx.) Trace. (4) 
Total Nitrogen - - - - - - - - (5°34 to 5°86) 562 (4) 
“ Oxygen absorbed” at 27° C. (80° F.) at once - + (2:09 to 2°73) 2°42 (4) 

i A - » m4 hours -  ~- (919 to 12°59) 10°37 (4) 
Chlorine - - -  - ~ Yorv orbbe: - 7.070 (8020 11:18) 8:90 (4) 
Solids in suspension - - - - - - : - (13°70 to 32°60) 22°80 (4) 
Solids by centrifuge (vols.) - - - - - - (83:0 to 183-0) 132°0 (4) 
Ratio of solids in suspension to centrifuge solids - (1:47 to 1:6°8) 1:59 (4) 
“Cellulose” (by alkali, acid, and ether) - - - - (2:28 to 6:00) 3°73 (4) 
Ratio of “cellulose” to solids in suspension - - (1:45 to 1 8-9) 1:64 (4) 








During the week when the above hourly scts of scttled sewage were drawn, the 
leneth of time given for settlement was only about 4 hours. Comparing these average 
fioures of analysis with those given by the hourly samples of crude sewage, we 
eet the following reduction :— 





Calculated on :— Reduction. 


eemeeerreccme rere ee Fk ee cate ee 4 per cent. 
MOE = eR mes) F 
Total Organic Nitrogen - - - - - - - - - - - 18 %9 
“Oxygen absorbed ” at once - - - - <= : = : 5 : 17 E. 

Se ew in4 hours - : “ 4 < . 5 zs x o 8 8 
REIS ROFUODEION fin otha o4 <2 fitters elute ort llerrliosieet 22 st 


Solids by centrifuge (vols) - - - - - = + = = ff 8 
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The settlement was thus, on the average, very inadequate. It had only removed about 
one-fifth part of the suspended matter from the crude sewage, leaving an average of 22 
parts in the liquid to be treated on the filters. It should be noted, however, that in the 
first of the four pairs of hourly sets of crude and settled sewage, the settled shows the 
higher figure for suspended solids, this being no doubt due to the three’ showers which fell 
during those two days (=0°30 inch rainfall), and to the consequent more rapid rate of flow 
through the tanks at certain hours. In other respects this liquid may be described as of 
average sewage strength. 


The suspended solids in the eight samples were respectively :— 





Crude Settled — 
Sewage. Sewage. 


Parts per 100,000. 


First Sets - - - 2 é : d : } é 3 i 21-3 
Second ,, - 4 3 “ : zi J . i . . t 32-0 
Third ais - - - : 3 3 2 : 2 £ " : 23-4 





Fourth ,, - : . : s = 3 = e i r 356 


In dry weather, therefore, the reduction in the suspended solids was about 50 per cent. 

Chance Samples.—The four chance samples of settled sewage examined chemically, Nos. 
30964, 559, 3290 and 3390, were drawn—the first two in dry weather, in the months of 
February and June, and the second two in wet or shortly after wet weather, in the months 
ot November and February. They therefore varied very much in composition, the first. 
pair being two to three times as strong, organically, as the others. 


The following figures were obtained on analysis :-— 





Parts per 100,000. Average. pe hanes 
Total Nitrogen PRR RR co fo REN ee SE ed 04 OO) 5:25 (4) 
“Oxygen absorbed” at 27° C. (80° F., atonce - - - (135to05°72) |- 3-48 (4) 

‘ Hl ; in 4 hours - ~~ (482 t0 23-02) | 1217 (4) 
Solids in suspension - - - - - = = — = (9°40 to 25°50) 15-09 (4) 
Solids by centrifuge (vols.) - - - as - (40°0 to 140°0) 80:0 (4) 
Ratio of solids in suspension to centrifuge solids > 2 433401 BBall esi (4) 


No. 30968 was noted as having an odour of hippuric acid when analysed. When No. 
3390 was drawn (a very dilute sample contaiming approximately 0°5 part of nitric 
nitrogen and 9°4 parts of suspended solids, and giving the figure 4°32 for “ oxygen 
absorbed ” in 4 hours), the flow through the tanks was so increased by the wet weather 
that the greater part of the settled sewage was being run into the ditch. 


With only four chance samples, there would be no object in attempting any comparison 
with the hourly ones, excepting to point out that, on the average, the composition of both 
was very similar, though the chance samples had somewhat less suspended matter. 


Bacteriological Notes.— Six samples of crude, five samples of settled, and two samples of 
overflow sewage were examined bacteriologically. The results are grouped together in 
the following tab'e. Practically all the samples yielded positive results with the B. coli test 
ad presumptive tests for B. coli with zoopg5 ¢-c- (100,000 per c.c.) ; and positive results’ 
with the B. enteritidis sporogenes test with yp to zoo ¢-¢. (100 to 1,000 per c.c.). 


/ 
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Description of the 
Sample. 











Number of B. coli 
(or gas-forming 
coli-like microbes). 


Size of each - 








B.S.=Bile salt glucose 
peptone test. 
N.R.=Neutral red 
broth test. 

In, =Indol test. 
L.P.M.=Lactose peptone 








B Enteritidis 
sporogenes test. 


100 not 1,000 


10 not 100 


100 not 1,000 


1,000 not 10,000 


100 not 1,000 
at least 100 


1,000 not 10,000 


1,000 not 10,000 


100 not 1,000 


1,000 not 10000 
1,000 not 10,000 





Remarks. 


“Gas” test +001 
cc. (24 hours at 
20° C.) 


“Gas” test + ‘001 
ce, (24 hours at 
20° C.) 


“Gas” test + 001 
cc. (24 hours at 
20° C.) 


“Gas” test + 001 
ce, (24 hours at 
20° C.) 


“Gas” test + 001 
ec. (24 hours at 
20° C.) 


“Gas” test + 001 
cc, (24 hours at 
20° C.) 


“Gas” test + 001 
ce. (24 hours at 
20° C.) 














100 not 1,000 
100 not 1,000 








milk test. 
1. Oswestry crude sew- 100,000 100,000 R.S. 
age. 9/5/02. (— indol) 100,000 N.R. 
(— clot) 100,000 In. 
100,000 L.P.M. 
3. Oswestry crude sew- 100,000 1,000 not 10,000 B.S. 
age. 11/5/02. (— indol) 10,000 not 100,000 N.R. 
(+ clot) 100,000 In. 
10,000 not 100,000 L.P.M. 
5. Oswestry crude sew- 100,000 100,000 B.S. 
age. 13/5/02. (— indol) 100,000 N.R. 
(+ clot) 100,000 In. 
100,000 L.P.M. 
7. Oswestry crude sew- 100,000 100,000 B.S. 
age. 15/5/02. (++ indol) 100,000 N.R. 
(++ clot) 100,000 In. 
100,000 L.P.M. 
8095. Oswestry crude — 10,000 not 100,000 N.R. 
sewage. 10/2/03. 100,000 L..P.M. 
558. Oswestry crude — 100,000 N.R. 
sewage. 18/6/03. 
2. Oswestry settled sew- 100,000 100,000 B.S. 
age. 9/5/02. (-L indol) 100,000 NR. 
(+ clot) 100,000 In. 
100,000 L.P.M. 
4. Oswestry settled sew- 100,000 100,000 B.S. 
age. 13/2/02. (++ indol) 100,000 N.R. 
(+ clot) 100,000 In. 
100,000 L.P.M. 
6. Oswestry settled sew- 100,000 100,000 B.S. 
age. 15/5/02. (+ indol) 100,000 N.R. 
(+ clot) 100,000 In. 
100,000 L.P.M. 
30964. Oswestry settled — 100,000 N.R. 
sewage. 10/2/03. 100,000 L.P.M. 
559. Oswestry settled _— 100,000 N.R. 
sewage. 18/6/03. 
510. Oswestry storm — 100,000 N.R. 
overflow. 30/3/03. 
3264a. Oswestry storm 100,000 100,000 N.R. 
overflow. 15/10/03. (++ indol) 
(+ clot) 
PRIMARY CONTACT BEDS 
Number - - 9 


- 60 feet by 60 feet at surface; 51 
feet 6 inches by 51 feet 6 inches 


Constructton.—Excavation in stiff soil and earth banks. 


Superficial area of each 


Total areas - 2 


Depth of Material - 


Cubie content of each 


Total cubic content 
Material = : 


puddled where necessary. 
Distribution.—One main wooden trough, connecting to two branch troughs on either 


side. 


at bottom. 
- 400 square yards. 
‘ 3,600 square yards. 
- 4 feet 6 inches. 
: 518 cube yards. 
- 4,662 cube yards. 
- Cinders from old house refuse, 
ranging from 4 inch to 14 inch 
in diameter. 
The earth banks are clay 


42.4 


Underdraining.—Three-inch agricultural pipes, laid two feet apart, connecting to three 
main channels, all constructed of brick on edge and cover; one of these channels is laid 
down the centre of the bed, while the two others are laid diagonally. All three main 
channels deliver to the outlet chamber containing the discharge valve. 


Working.—The primary beds are worked in simple rotation, eight filters constituting 
tie working set. One filter is therefore always resting and, as a fresh filter is cut out of 
the working set each week, every filter receives one week’s rest in nine, At the end of 
its rest it is carefully raked and dug over. 

Originally the primary beds were filled and emptied automatically by means of a gear 
designed by Mr. Wynne Roberts, the late Surveyor, but as this was found to be unreliable, 
filling and emptying by hand was resorted to. The latter method was in use during 
the whole of our observations. 


At the commencement of their life the primary beds received about two fillings per 
day, and gave a contact of two hours. In 1902 the number of fillings per day had 
increased to something like five, while the period of contact had diminished to about forty 
five minutes, and this rate of working continued almost throughout the observations, 
excepting in very dry weather. 

Age of Beds.—All the primary beds were constructed and brought into use between 
the spring of 1898 and the summer of 1899. Bed No. 9 was renewed in August, 1902, 
bed No. 8 in July, 1903, and bed No. 1 in February, 1905. ; 


Capacity—The original empty tank capacity of the nine primary beds was 785,453 
gallons, and, assuming that the material occupied two-fifths* of the filter tank space 
when first put in, the original total water capacity was 314,182 gallons. Although of 
equal size, the primary beds at Oswestry were brought into use at different times, and as 
we have not been able to keep capacity records of all the nine beds, it has been thought 
inadvisable to apply the results obtained from the gaugings of three beds (Nos. 1, 2, and 
7) to the whole area. The three beds, however, were carefully selected as being 
typical of the whole, and we think it may be inferred that their capacities are a 
fair index of the capacities of all the primary beds. Nos. 1 and 2 were brought into use 
in the summer of 1898, and No. 7 in the summer of 1899. : 

At the time of the first gauging, therefore, in May, 1902, beds No. 1 and 2 were four 
. years old, while No. 7 was about 3 years old. The original empty tank capacity of each 
was 87,272 gallons, and, on the assumption that the material, when new, occupied two- 
fifths of the filter tank space, the original water capacity of each bed was 34,909 gallons. 
The first gauging was made in May, 1902, when the capacities were found to be as 
follows :— 


No, Labed 2. - - : - 7,855 gallons. 
No. 2, bed - - : = gh g ROO. otis 
No. ‘ 7, bed = > ig = 8,773 99 


Bed No. 7, therefore, retained at that date 25:1 per cent. of its original water capacity, 
and beds Nos. 1 and 2, 21:1 per cent. and 20°5 per cent. respectively. 

We understand that in the summer of 1899, when all the primary beds were for the 
first time in use, they received an average of not more than two fillings per day. At 


the time of the first gauging (May, 1902), they were receiving on an average — 


four or five fillings per day, owing to the serious loss of capacity which had taken 
place in the interval. All the filters had then a rather clogged appearance, the 
material being so saturated with sewage solids as to allow one’s foot to sink some 
distance into it, if any attempt were made to walk upon a bed. On the other hand, 
the material was by no means impervious, the settled sewage entering and leaving the 
beds quite freely. 


It was obvious that at this time some of the filters, and especially the older 
ones, were in a Serious state and required renovation. We thought, however, that their 
continued use in this condition might afford useful evidence upon two points—(1) how 
far the loss of capacity would eventually go, and (2) whether the clogging would 
ultimately extend to the secondary beds also. We therefore obtained permission for the 
three typical beds to continue in use without renewal. 








*As a rule we have assumed that filtering material, when first put in, occupies one half the space of the filter 
tank. In the case of Oswestry, however, the gauging of a refilled bed (No. 1) by Mr. Lacey showed a water- 
holding capacity of only about two-fifths. We have therefore taken this figure in making our estimate of the 
original water capacity of all the beds. The differcrce is no doubt due to the nature of the material used 
at Oswestry. 
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From May 13th, 1902, to February 10th, 1908, the beds received an average of 4°9 
fillings per day, At the end of this time the capacities were again measured, “with the 
following results :— 


No. 1 bed . - - . 5,598 gallons. 
No. 2 bed C a * oa 6,583 9? 
No. 7 bed : - : - 9,294 _,, 


The capacities of Nos. 1 and 2, therefore, had still further diminished, but that 
of No. 7, owing to a week’s rest just previous to the gauging, had slightly ‘increased. 
The percentage capacities were :— 


No. 1 bed - 16 per cent. of its original water capacity. 
No. 2 bed = 18:9 oe) ” oH) 
No. ié bed = 26°6 99 9 MS) 


From this time no further gaugings were made until almost the end of the observa- 
tions, in January, 1905, each bed receiving on an average 4'85 fillings per day during the 
interval (24 months). 

On January 30th, 1905, the capacities were :— 


No. 1 bed - - - - 3,447 gallons. 
No. 2 bed _ = - - 3,660 __,, 
No. 7 bed : - - - can eae 
and the percentage capacities :— 
No.l bed - 9-9 per cent. of its original water capacity. 
No.2bed - 105 “ " is 
No.7 bed - 120 i # . 


—_ 


All three beds were now in a very sodden condition. 


To the primary beds, constructed and used as they were, we should assign an 
economical ‘ life”? of about three or, at the most, four years, for it will be noted that 
they were worked very hard and were called upon to treat a large quantity of suspended 
matter, owing to the poor settlement effected by the tanks. 


Primary Efiuents.—F our chance samples were examined chemically, viz., Nos. 3096s, 
~ 3263, 3289 and 3389. Only the first of these was drawn in dry weather, ‘in Febr uary, 
1903, all the others being wet weather samples, taken in the months of October, November 
and February; they were all taken at mid-flow, and. the periods of coutact were 
respectively, 13, 1, #, and 4 hour. 
The following figures were obtained :— 











Parts per 100,000. | Average. Number of 














Estimations. 

Ammoniacal Nitrogen - - - - - - - (0°50 and 0°47) (2) 
Albuminoid Nitrogen - - - - - : - (0°18 and 0:22) (2) 
Total Organic Nitrogen - - : . - - - (0°73 ) (1) 
Oxidized Nitrogen - - - - - - (0°26 ap. to 0°66) 0°51 ap. (4) 
Beeenirocenee 82 to.3°-71) 2-46 (3) 
“ Oxygen absorbed ” at 27° C. (80° F.) at once - - - (0°50 to 1°75) 0°89 (4) 
t . a _ in 4 hours - - (1°95 to 3°95) 2°93 (4) 
Dissolved Oxygen taken up in 24 hours at about 18°C. (0°86ap. and 2°62) (2) 
Incubator test (Scudder) - - -~ - + gaa - - | : at (4) 
Incubator test (by smell) - - - 7 . - - - ah . pee (4) 
Smell when drawn - - : : - : - - : - - { pout: (3) 
Smell when analysed . - - - - - : - : - 4 good. (4) 
Chlorine =e eoarr-ainsps DOO.S -- - = (3°52 and 4°30) (2) 
BeerosUspeusiOn ee eee ye Cle - (G80. (1) 
Solids by centrifuge (vols) 8) eine - - - (18:0 to 52:0) 39°0 (4) 
Ratio of solids in suspension to centrifuge solids —- - (1: 83 ) (1) 
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_ In appearance the above chance samples of primary effluent were rather turbid and of 
a brownish tinge, and they contained considerable quantities of suspended matter (probably 
not less than an average of 5 parts per 100,000, judging from the centrifuge figures). All 
of them had a clean smell on the day of analysis, but only one was able to withstand 
incubation. The oxidized nitrogen averaged about 0°5 part per 100,000, while the 4 
hours’ “oxygen absorbed” figure was 2:93. For primary effluents, therefore, these 
showed a good purification. Since three of the four were dilute wet-weather samples, 
the advisability of contrasting them with the hourly samples of ‘settled* sewage seems 
doubtful, buat, subject to this proviso, they show the following reduction in figures :— — 








Calculated on :— Reduction. 
Total Nitrogen - - - - - . - - - - - - 56 per cent. 
“ Oxygen absorbed ” at once - TGs 2 ; hte ID U | @ - - - (63) yiste 
“ Oxygen absorbed” in 4 hours) - = : - - 2 : - TS yy 
Solids by Centrifuge (vole;)> = "= > ies een se 70 


” Ad ae 








The first three of these reduction figures are no doubt better than would be given by 
the average of a large number of samples, representing weather of every kind. 


Bacteriological Notes.—Three samples of primary bed effluent were examined bacterio- 
logically. They yielded positive results with the B. coli test and presumptive tests for 
B. coli with 1/10,000 c.c. (10,000 per c.c.), and positive results with the B. enteritidis 
sporogenes test with 1/100 c.c. (100 per c.c.). 



































B.S.=Bile-salt glucose 
, peptone test. 
Description of the Number of B. Coli N.R.=Neutral red broth B. Fktéritidis 4 fi 3 
Sample. = AOE gos forming beth sporogenes test. ee 
Coli-like microbes). In.=Indol test. 2 aR ods 
L. P.M. =Lactose peptone 
milk test. 
30968. Oswestry  pri- — 100,000 N.R. 100 not 1,000 
mary bed effluent, 10,000 not 100,000 L.P.M. 
10/2/03. 
3289. Oswestry pri- | 10,000 not 100,000) 10,000 not 100,000 N.R. | 100 not 1,000 
mary bed effluent, (++ indol) 
4/11/03. (+ clot) 
3389. Oswestry  pri- | 10,000 not 100,000! 10,000 not 100,000 N.R. | 100 not 1,000 
mary bed _ effluent, (++ indol) 
16/2/02. (+ clot) 
SECONDARY CONTACT BEDS. 
Number - - - - - 9. 
Size of each > - - : - 60 feet by 50 feet at surface ; 


51 feet 6 inches by 41 
feet 6 inches at bottom. 


Superficial area of each - - . 303 Square yards. 
Total superficial area : - - 3,000 square yards, 
Depth of material - - - - 4 feet 6 inches. 
Cubic content of each - + + 425 cube yards. 
Total cubic content - - - 3,825 cube yards. 


f 


? 
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/ Abe. sen Secondary Contact Beds.—continued.... 


, Material - - - - . - . House ashes ranging from 

i 2 inch to 1$ inch in 
. diameter. 

Construction -— - - - - Excavation in stiff soil, with 


earth banks. 


Distribution: +): - - - - One main wooden trough 
laid down the centre of 
each bed, connecting to 
two branch troughs on 
either side. 


Underdraiming.—Three-inch agricultural pipes, laid two feet apart, connecting to three 
main channels, all constructed of brick on edge and cover; one of these channe's is 
laid down the centre of the bed, while the two others are laid diagonally. All three 
main channels deliver to the outlet chamber containing the discharge valve. 


Age of Beds.—The secondary beds were brought into use as they were finished, from 
the spring of 1898 to the summer of 1899. 


Working.—Excepting that one bed is always kept in reserve for the purpose of resting; 
the secondary beds are worked in simple rotation. They were originally filled and 
emptied automatically, by means of a gear designed by Mr. Wynne Roberts; but as this 
was found to need constant attention, the valves are now for the most part actuated 
by hand. 


‘The number of fillings given. to the beds increased gradually during the observa-. 
tions. In 1902 it averaged 2:4 fillings of primary bed effluent per day for each bed; 
while in 1905, at the end of the observations, it had increased to an average of 3:2 fillings. 


The unusual featurein the working of the Oswestry. secondary beds is that during 
the night and the early hours of the morning they are used for the treatment of the 
dilute crude sewage which then reaches the works. This plan was commenced in 
February, 1908, its object. being to relieve the primary beds. From February 28th, 1903, 
therefore, to the end of the observations in January, 1905, the secondary beds received 
an average of 06 filling per day of crude night sewage.* 


For the whole period of the observations, and including all fillings, whether of primary 
bed effluent or of crude night sewage, the average number of fillings per day given to 
the secondary beds was 3:0. 


One secondary bed is cut out of the working set each week for the purpose of resting 
it, so that each bed receives one week’s rest in nine. At the end of its week’s rest it 
is forked over to a depth of nine inches or a foot. 


Capacity.—Owing to the small size of the feed channels and also to the automatic gear, 
it was found almost impossible to form any approximate estimate of the capacity of the 
secondary beds by actual gaugings, and the idea of doing so had therefore to be given 
up. But the steady increase in the number of fillings given to each bed per day, and the 
change in appearance of the surface material throughout the observations, showed that 
a gradual but marked loss of capacity had taken place. 


The number of contacts given to each bed per day increased from 2°4 at the com- 
mencement of the observations, in May, 1902, to an average of 3°2 during 1904, while 
the surface material changed from a clean to a clogged and spongy condition. That the 
continued use of the clogged primary beds was the cause of this there can be no doubt, 
for the primary bed. effluent naturally deteriorated, especially in regard to suspended 
solids, as those beds clogged and gave shorter and shorter periods of contact. 


The Borough Surveyor considers that the secondary beds will require to be either 


washed or renewed in 1906. On this estimate, their “ life,’ as they are worked at 


Oswestry, may be said to be something like seven or eight years. 





* The treatment of night sewage upon the secondary beds has now been discontinued. 
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Seconiu., Efluents,—Besides four special samples, to be spoken of later, ten ordin- 
ary chance samples of. secondary contact bed effluent were examined chemically, these 
including one sample of ‘works ” effluent. — Their numbers were 3097, 509, 560, 3181, 
3245, 3264, 3288, 3387, 3526 and 3615, and they were drawn at mid-flow at 
practically all seasons of the year between February, 1903, and J anuary, 1205, but the 
cool weather samples constituted about two-thirds of the whole. Four of them were 
taken in dry weather and six in wet or immediately after wet weather. Eight of the 
samples had 2 hours’ secondary contact each, and the remaining two had 1 to 1} hours. 
Taken altogether, they may be considered as fairly representative of the working at 
Oswestry. 


The following results were obtained :— 
































Parts per 100,000. Average. sence 

Ammoniacal Nitrogen i . 2 : - (0:03 to 0°64) 0°56 nd 
Albuminoid Nitrogen =) jee? Sop tic ea. Vest SIONS) £090.34) 0-18 (7) 
Total Organic Nitrogen - - oa = diner ane, ¢ (0°38 10:0:78) 0°58 (4) 
Oxidized Nitrogen - - : het - - - (9:20 to 3:22) 1-16 (9) 
( Including Nitrous Nitrogen - -~— - - = = (0:0 to 0°40) 0:09 (10) 
fetal Nitrogen See ae ee geea 2:59 (5) 
Oxygen absorbed at 27° C. (80° F.) at once Cs ye aU Us tone L) 0°55 (10) 

3 PH. . in 4 hours - . - (0°67 to 2°84) 1-76 (10) 
Dissolved Oxygen taken up from water in 24 hours at 18°C. (0:08 to 2:08 ap.) 0:72 ap. (6) 
Incubator Test (Scudder) - — - MARR Gk PINE SNR BR ERY te Rp 7 ee : (7) 

, eo . i t ; 2 2 : _ |{T or8 passed 

a a ay \2 failed (10) 
| 6 good 
Smell when drawn - - - ~yoy¢f er : r ° is % 4 2 doubtful (10) 

l:Qebad., of 
Smell when analysed - - - - - - - - - - 10 good. -|- (10) 
Chiorite.+-7 ye eos aves ee - = (3°96 to 11:50) 7-01 (6) 
Solids in suspension - . pny - - - - (460 ) (1) 
Solids by centrifuge (vols.) _— - Pe - HOES - (trece to 46'0) 20°5 ps (9) 
é.c. “pen Litre. 

Oxygen in solution when amalysed - - - i 3 (0:0 to 2:1) 11 (4) 














In appearance the secondary effluents were usually slightly turbid or opalescent and of 
a brownish tint, and the greater part of them were very free from suspended matter ; 
judging from the centrifuge figures, the latter averaged something like 2 parts per 
100,000. Six of the samples were noted as having a clean smell when drawn, while 
all of them had a clean smell when analysed. With two exceptions they were all relatively 
well nitrated, while seven, or more probably eight, of the teny withstood the incu- 
bator test. The amount of dissolved oxygen taken ‘up from solution by, the 6 samples 
tested for it varied very much; the average figure was somewhat high; but, on the other 
hand, some of the samples took up very little. ‘ 


~p t 
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It is thus evident that these secondary effluents were not uniform as regards 
purification, but the greater number of them may be taken as of fair quality ; it 
would not have required much further purification to have made them satisfactory 
from a chemical point of view. It must be borne in mind that these effluents were 
produced under unfavourable conditions, owing to the already clogged primary beds 
being kept at work, at our request, for a much longer period than they would have 
been in the ordinary course. During the greater part of the observations, the length 
of contact given in the primary beds was only $ to 1 hour. Had the primary beds 
been renewed, so as to allow of a 2 hours’ contact, we think that, in spite of the 
poor settlement given to the sewage in the settling tanks, the final effluent would 
undoubtedly have been much more uniform as regards purification. No true dividing 
line, as regards quality, can be drawn here between dry and wet weather effluents. 


Compared with the hourly samples of crude and of settled sewage, these effluents show 
the following reduction in figures :— 








Compared with— 














Calculated on :— Crude Sewage. Settled Sewage. ebay 
: | 
Tctal Nitrogen - - - - - : - | 56 percent. reduction| 54 percent. | (5) 
Ammoniacal Nitrogen - : . = - - 34 a ye x 84 | (8) 
Albuminoid Nitrogen - - - : - - | 80 .3 . 80 %» | (7) 
“ Oxygen absorbed” ut once - - - - =) 4) S94 es ik: 77 9 | (10) 
= m4hours - - - - | 84 - 33 83 is | (10) 
Solids by centrifuge aS ee ee Wy it rl BEET RY, sf 84* , (9) 

















A few words may be added with regard to special points in some of the secondary 
effluents examined (Nos. 509, 3,264, and 3,526 have already been included in the eleven 
chance samples just discussed). 


No. 509 was a sample with the usual two hours’ contact, but it represented the 
first filling of a bed after the latter had had a week’s rest. This sample, as might 
have been expected, showed a large quantity (fully 3 parts) of oxidized nitrogen, but 
at the same time contained 0°73 part of organic nitrogen, and it took up more than 2 - 
parts of dissolved oxygen from solution in 24 hours. While, therefore, it had dissolved 
out much accummulated nitrate from the bed, the organic impurity present was by 
no means well oxidized. There was comparatively little suspended matter present. 


No. 3,264 was a very good sample of what may be taken as the average “ works” 
effluent from a dilute sewage. It took up practically no oxygen from solution in 24 
hours, and the other figures of analysis were correspondingly good. 


In No. 3,526, a sample containing 4:6 parts of suspended matter, there was little 
oxidized nitrogen, and the sample failed to withstand incubation ; yet the quantity of 
dissolved oxygen which it took up from water in 24 hours was not excessive 


(0°67 part). 


No. 3,244 represented a ‘first flush,” ¢.¢., a sample from the first five minutes’ emptying 
of a bed giving 2 hours’ contact to a dilute sewage. It had an inoffensive smell when 


+ 


i 











* These figures are probably too low, as regards a comparison by weight. 
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drawn, but contained: practically no: nitrate: and>failed to ‘withatand- incubation. -- The 
mid-flow sample of the same emptying, No. 3,245, contained rather more © Battate and less 
solids, and withstood incubation. 


‘No. 3,888 was a sample of drainings, after one hour’s secondary contact of a dilute » 
sewage. “It was relatively very well nitrated, but took up 0°73 part of dissolved oxygen 
in 24 hours, showing that it still contained an appreciable quantity of oxidizable matter. 


No, 3,527 represented a sample of: effluent , from 34 hours’ single conte of crude ,. 
sewage of (inferentially).. moderate strength, on one.of.the secondary beds. It was a. 
fairly ¢ cood sample, though with 4 parts of suspended solids. 


No. 3616 is also to be differentiated from the average of the secondary effluents. 
It was drawn on Monday, January 30th, 1905, at 4.p.m.,.in dry. weather, under . 
most disadvantageous conditions as regards working, thus:—(1) when the 
corresponding settled sewage went on to the primary beds, only one tank was in use, 
the other being in process of sludging ; (2) the sewage, which was strong, received only 
30 minutes’ contact on the primary bed; and (8) the secondary bed had treated crude 
night sewage at the previous filling. The effect .of these accumulated adverse 
conditions was seen in the very poor quality of the effluent, which—out of a total of 
3°34 parts of nitrogen—contained 0°62 part of albuminoid and no oxidized nitrogen on 
the following day. The 4 hours’ “oxygen absorbed ” figure was 7'5 and the effluent took 
up at least 19 parts of dissolved oxygen in 24 hours and failed to withstand incu- 
bation. At the time of drawing it had a strong sewage smell, but it must then have 
contained some nitrate, as this had changed to a doubtful earthy smell on the following ~ 
morning. It was obvious, therefore, that for this strong sewage a contact of half an 
hour on the primary bed and of one anda half hours on the secondary bed was 
insufficient. 


The following figures may also be found of interest.— 














No. 3,526 No. 3,527 
| No.8 387 (an indifferent effluent). (an effluent of fair quality). 
a good effluent) 
Parts per 100,000. from a dilute 
sewage). «os Filtered «ot Filtered 
Original. through paper Orighval: through paper 
‘‘ Oxygen absorbed at once ' 0°26 0:92 Oral 
end coment? Ch Aes ts We e:dinie78 tia BT 
Incubator test (by smell) - Passed ~ - Failed Passed 
Solids in suspension .- - Trace v 4:60 ¢4 4°10 
Dissolved oxygen taken ( | 24 Hrs, 48 Hrs, 72 Hrs. ; f 4 Hrs. ‘e 8 ZY : 
up in 24 hours. {|'004 ‘O61 086 |} 067 013 | G33" “Yas f| 005 





The effect of the suspended matter on the quantity of dissolved ee taken peri in 
a, hours is- very marked 1 in Nos. 3,526 and 3,527. | : : 3 


A ees hihierel Notes.— Fourteen samples of meant se afiient were 7 exon bacteeen 
ologically. The worst samples yielded positive results with the B. coli and presumptive 
tests for B. coli-with.1/100,000 ¢.c. (100,000 per-c.c.);. the. best- samples. positive results 
with;:-1/1;000. ¢.¢. (1,000; per c.c.) Under more favourable conditions,,of working,- it ds - 
probable ‘that the secondary bed effluents would have usually yielded negative results 
with 1/10,000 c.c. (less than 10,000 per c.c.) As regards the B. enteritidis sporogenes — 
test, the effluents usually wontaned from 10 to 100 spores of this anerobe per c.c. 
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B.S.=Bile Salt Glucose 
: Mey ste ms Peptone Test. ” : 
| Number of B. Coli N.R.=Neutral. Red Panniers 

















- Description of the 
@ (or Gas-forming Broth Test. Remarks. | 
igh Coli- like Microbes). In, =Indol Test. SSPE Wg 
L.P.M.=Lactose Peptone 
Milk Test. 
3,097. Oswestry secondary — “FF **100,000 N.R. 1,000 not 10,000 
bed effluent. 10/2/03. 100,000 L.P.M. 
509. Oswestry secondary | *~ = — 10,000 not 100,000 N.R.| 100 not 1,000 — 
bed effluent. 30/3/03. : 
560. Oswestry secondary — 100,000 N.R. | 100 not 1,000 
bed effluent. 18/6/03. 
3,181. Oswestry secondary a 100,000 N.R. At least 1,000 
‘bed effluent. 6/7 /03. :: ; 
3,246. Oswestry secondary aie, 10,000 not 100,000 N.R.| 100 not 1,000. 
bed effluent. 4/9/03. | 
. 8,247. Oswestry. sadothas iina sz, jor: | 10,000 not 100,000 N.R.| » .10-not.100.. 
bed effluent. .4/9/03.. 
3,264. Oswestry secondary|10,000 ‘not 100,000 1,000 not 10,000 N.R. |. ~ 1 not 10 
bed effluent. Lae ae (+ indol) 
sat (4¢lot) 
3,288. Oswestry secondary|10,000 not 100,000) 10,000 not 100,000 N.R.; 100 not 1,000 
bed effluent. 4/11/03. ( = indol) thoy 
(+ clot) A 
3,387. Oswestry secondary 1,000 not 10,000 | 1,000 not 10,000 N.R. 10 not’ 100 
bed sci pipe Spa oe ~ (+4 indol) 
Jed «co elot) 
3,388. Oswestry secondary} 1,000 not 10,000 | 1,000 not 10,000 NR 10 not 100 
bed effluent. 16/2/04. (+-indol). 
(++ clot) 
3526: Oiweinysetenaary? “100,000”? ~ 100,000 B.S. — 10 not 100°: 
bed effluent. 27/7/04.} ©. (—indol) |’ 100,000 N.R. Log 
i pee aagtte hh eon 4+ clot): «; 100,000 L. P.M; 
3,527.*Oswestry secondary! 100,000 100,000 B.S. 100 not 1,000 
bed effluent. 27/7/04. |» (+L indol) 100,000 N.R. iw? : 
v8 RL / (+ clot) 100,000 L.P.M. 
3,615. Oswestry secondary|10,000 not 100, 000 10,000 not 100,000 B.S.-; 100 not 1,000 
bed effluent. 30/1/05. (+ indol) 100,000 N.R. 
(+ clot) 
3; 616. Oswestry secondary 100,0 100,000 B.S. 100 not 1,000 
bed effluent. 30/1/05. (+ ao) | 10,000 not 100,000 N.R. 
( — clot) 














Aodih of Sewage treated.—A continuous daily record of the flow of settled sewage 
passing to the beds for treatment was kept by Mr. Lacey during the whole of our 
observations. From the yearly averages of these figures, we have estimated that the 
average daily flow treated by the double contact bed process during our observations 
~has “been ‘approximavely 436,000 gallons: » On: this: basis, therefore, t the .quantities 
‘treated’ on the whole filtering areaprimary and secondary beds tugether—were:— 
Per squaré yard per 24 hours 2 J oo 66 gallons, 


Per cube yard per 24 hours - - - - -  61°4 gallons. 


-. Qn the basis of the diy weather flow of 350,000 gallons Der day; the amounts treated 
would be: — 

' Per square yard per‘24'hours'’-- +) = -  - . 53°38 gallons, 

ies cube yard per 24 hours’ Meee ta - . + 41:2 gallons. 


sachexe figures are given for purposes Sof comparison. 








* Single contact of crule sewage on secondary bed. 
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Effect of Temperature upon the working of the contact beds.—The general conclusion to 
be drawn from our temperature measurements at Oswestry is that the temperature of the 
effluents on both sets of beds follows that of the sewage, and is only slightly influenced 
by the temperature of the atmosphere. The observations included measurements made 
every few hours over a period of seven days, in May, 1902. as well as others made on the 
occasion of each visit to the works. | 


SUMMARY. 
The dry-weather sewage may be described as of about average strength. It is subject 
to large fluctuations of volume during rain. Considerable quantities of surface and 
subsoil water are known to enter the sewers, especially during the wet seasons of the year. 


On the Wednesday of each week the sewage receives the washings from a large cattle 
market and it contains, besides, some tannery and brewery refuse. ~ . 


Only twice the dry-weather flow is ever treated at the works, any excess over this 
being run into a ditch which ultimately joins the river Morda, a tributary of the Severn. 


The flow through the settling tanks is a rapid one, the sewage receiving only 4 hours 
continuous flow settlement in dry weather and much less in wet weather. The tanks, 
therefore, do not remove a great deal of the suspended solids of the sewage and are 
clearly too small for their purpose, especially as they are sludged only once in 6 weeks. 
In dry weather about 50 per cent. of the suspended matter of the crude sewage is 
deposited in these tanks, but in wet weather they probably serve only for grit settlement, 
and the issuing “settled” sewage may, in fact, contain more matter in suspension than 
the crude sewage. 


The method by which the sewage sludge is disposed of at Oswestry has certain distinct 
advantages. By its admixture with the fine siftings of the cinder heap, the sludge dries 
much more quickly than if it were merely exposed in a Jagoon, and it also appears in this 
condition to be more readily taken by farmers. The cinders, too, make it easier to 
manipulate, besides which they help to keep down nuisance from smell. There is never 
any serious accumulation of sludge on the works. 


The construction of the primary beds is both simple and inexpensive and, although 
there has been occasional leakage from them, they may be taken generally as having 
answered their purpose. Leaks in beds constructed by simple excavation in this way 
are often difficult to locate, and this might constitute a serious defect in the case of a 
large installation ; at Oswestry, however, there has been no serious difficulty on this 
account. There is a good deal to be said in favour of this inexpensive mode of 
construction for a small works in the country, which are built upon clay soil. At 
Oswestry the tops of the clay banks occasionally get rather sodden, and for this reason 
it is advisable to leave a fairly wide space between every two beds. 


The house cinders with which the beds-are filled were used for the sake of cheapness. 
They have several disadvantages, eg., they are light and therefore liable to 
displacement on the beds during the processes of filling and emptying, and they have 
also disintegrated considerably. For these reasons such cinders could not be 
recommended generally for large installations. On the other hand, though they are not 
by any means a perfect medium for contact beds, the economy in initial outlay effected 
by their use is a very material point for small country communities. When a primary 
bed has become clogged at Oswestry, it has been found cheaper to completely renew the 
material than to wash it. 


Only a few samples of primary effluent were examined, most of them being dilute wet- 
weather samples. They showed a fair purification, although both the period of contact 
and the interval of rest were of necessity short, owing to the beds having lost so much in 
capacity. The primary effluents from strong dry-weather sewage would, of course, have 
contained more organic impurity. 


Owing to the rapidity with which the primary beds had clogged, with 2 fillings per 
day of the poorly settled sewage, it was necessary to work them during our observations 
at a rate of 4 or 5 fillings per day, z.¢ at such a rate as allowed them no chance of 
maintaining capacity. But, from the measurements made at the beginning of the 
observations, we formed the opinion that the beds required renewal at that time. Hence 
their economic “ life,” with 2 fillings per day of this badly settled sewage, was not more ~ 
than 3 to 4 years. 
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The secondary beds are similar, as regards construction and material, to the primary 
beds, except that the cinders are rather smaller ($ to 1} in.). Although these beds 
have not clogged to anything like the same extent or at the same rate-as the primary 
ones, treating as they did a liquor containing much less matter in suspension, the 
increase in the number of fillings per day during the observations left no doubt as 
to their having lost capacity considerably. Mr. Lacey estimates the “life” of 
those beds, as they have been worked, at about 7 to 8 years, and in this estimate we 
concur. No doubt some of the clogging might have been prevented by the use of 
smaller filtering material; but it must not be forgotten that this comparatively short 
“life” of the secondary beds has been due in part to the material of the primary beds not 
having been renewed at the proper time. The secondary beds have required less frequent 
forking than the primary, and they do not appear to have disintegrated to anything 
like the same extent. 


The distribution on both primary and secondary beds is effected by means of wooden 
troughs laid on the surface of the material, the liquid rising in the trough and over- 
flowing the sides. In this way it enters the bed gently, without disturbing the cinders 
(excepting in so far as the latter float). The troughs are altered in position from time 
to time, more particularly on the primary beds, theesolid matter deposited in the 
immediate neighbourhood of the troughs being in this way distributed over the surface 


of the bed. 


The total volume of sewage treated on the primary and secondary beds together, 
during the years 1903 to 1905, averaged 66 gallons per square yard, or 51°4 gallons per 
cube yard, per 24 hours, including the night sewage treated by single contact on 
the secondary beds alone. 


The secondary effluents examined were not uniform as regards purification, no doubt 
because of the sewage being lable to somewhat unusual variations in strength and 
also because of the unequal periods of contact given on the primary beds; but 
the greater number of them were of fair quality. A little further purification would 
have made them quite satisfactory as final etfluents, considered by themselves. In 
connection with this criticism it has to be borne in mind that these effluents were produced 
under unfavourable conditions, owing to the already clogged primary beds being kept at 
work, at our request, much longer than they would have been in the ordinary course. 
Had the material of the beds been renewed, so as to allow of their giving a contact of 
2 hours (instead of $ to 1 hour, as was actually the case), we think that the final effluent 
would undoubtedly have been much more uniform as regards purification, and this even 
with the poor settlement given to the sewage in the settling tanks. 


We are unable to express an opinion as to the general quality of the effluent obtained 
—without any preliminary tank settlement—by single contact of the night sewage on the 
secondary beds, having examined only one sample (this was of good quality, apart from 
the 4 parts of suspended solids which it contained). This method of treating the night 
sewage was adopted at Oswestry with the object of relieving the primary beds, but the 
procedure was attended with obvious disadvantages, and it has recently been discon- 
tinued. For example, unless a special settling tank be provided, it may at times involve 
the treatment of rather strong unsettled storm sewage, containing solid matter washed 
out of the sewers. If sufficient tank capacity is available for good settlement of the 
whole 24 hours’ flow, the weaker night sewage serves to dilute the stronger day sewage, 
4.e. the liquid as a whole tends to become equalized as regards strength. It can then 
all be treated on a uniform plan, without throwing upon the workman in charge at_ 
night the responsibility of deciding what degree of treatment shall be given to a 
part of it. 


Since a large portion of the storm sewage at Oswestry is diverted into the outflow 
ditch, no observations could be made as to the effect of the effluent upon the water in the 
<litch. 


Some little smell arises during the sludging operations, but we have never observed 
any serious nuisance from smell on the works upon the occasions of our visits. 


The working cost of treating the Oswestry sewage is low. As the initial cost of 
construction was also small, the whole process of sewage purification at Oswestry may be 
looked upon as an inexpensive one. 


_ Weare indebted to Mr. G. W. Lacey, Borough Surveyor of Oswestry, and also to 
Messrs Richard and David Jones, who have charge of the sewage works, for assistance 
in connection with our work at Oswestry. 
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PRESTOLEE SEWAGE WORKS. 


(Bury Rurat District Councit.) 


. Situation of works - - : - - About 300 yards from the centre 


of the population. 


. Method of treatment = - - a 3 - Closed septic tank, followed by 


intermittent filtration through 
percolating filters of fine 
material. 


. Population draining to works during observations 500 (estimated average). 


. Water supply in gallons per head and whence 17°7; Bolton Corporation. Water 


obtained - - : - has an average hardness of 
about 3° per gallon. ; 


. Number of W.C.’s - - - - - - 2 
. Sewerage system - - : - - - Separate. 
. Average dry weather flow of sewage in gallons 
per 24 hours” - - J ASBAUS, GREE Ako OUU: 
. Gallons of sewage per head per day - - 36. 
. Character of the sewage - - - - - Extremely weak and almost 
entirely a slop water sewage. 

Period of observations. - - : - - November,1902, to January,1905 

Age of filters - - - - - - . + From 1 to 34 years. 

Amount of storm water treated __ - - - The whole of it which reaches 
the works (3 or 4 times the 
dry weather flow). 

Capacity of tank in gallons - - - 16,625. 

Total area of filters in yards super. - - - 237°. 

Total content of filters in yards cube — - - 895-5. 


Nature of filtering material - : A 


Cinders and gravel. 


Gallons of septic tank liquor treated per yard 
super. per 24 hours (all filters included) - + 92°7. 


Gallons of septic liquor treated per yard cube 
per 24 hours (all filters included) - - 556. 


The final effluent is discharged into - - - The river Irwell. 





Dry pay. 


RAINFALL NIL. 


AAINFALL. 


O06 incu. 


WET DAY, 
RAINFALL 
OLS INCH. 


WET DAY, 
RAINFALL 
O-G9 incH# 

SF atline ti & HOURS). 


Wer Day, 
RAINFALL 
O93 incu 


(FALLING OVER WHOLE DAY). 


S€3¢. 


Diagram W. 


DIAGRAMS SHOWING FLOW OF SEWAGE AT PRESTOLEE. 


AS FALLING OVER A WEIR 8 WIDE. 
Note: Over'a Weir 8 wide -75 ofan inch = a rate of 18,144 gallons per 24 hours. 


1-0. inch -= s. » » 27,864 a #6 Same Ge 
1-25 inches  » ° FY) 38,880 +” PY » ” 
| -50 ” => a ” ” 50,976 r) ” ” ” 























TO TAL FLOW FOR THE DAY =/8,000 GALLONS. 


pee rtiyiiryi Le i BG OO rv Tyr ee ee PTT rrry yr rrr rt SS eaforme pps 


a 

























eS f 











Perro mi ea Sd Beas PRS AG: 


aad a8 ee 









Wonady. Dedemaea 7’ IO A: = A. 2 ial: Sam 
a ae: ie t r 













mt a fe he i ea he et : =e vo maf mana == =f == sae Se oe 
Lee oe ieee a ee J pe ee ee 
TOTAL FLOW FOR THE DAY = 24,660 GALLONS. 
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FLOW OF SEWAGE. 


Notwithstanding the fact that the area is drained on the separate system, 
the flow of sewage is considerably affected by heavy rain and, as there are no 
storm overflows on the sewerage system, the whole of the storm water entering 
the sewers is brought to the works and treated. The actual increase in volume, how- 
ever, is very small for ordinary light falls of rain, and is apparently not more than 
three or, at the most, four times the dry weather flow for heavy rainfalls of half-an- 
inch and upwards, 


The maximum flow measured at Prestolee during the gauging operations, which 
Jasted throughout the month of December, 1903, was at the rate of 58,500 gallons per 
24 hours, or rather more than three times the dry weather flow, while the maximum 
24 hours’ flow, which occurred on the same day, was 34,350 gallons. Both of these 
maxima were the result of a rainfall of -49 inch, falling upon fairly dry ground within 
a period of five hours. Asa rainfall of this kind does not occur very frequently, it 
would therefore appear that a flow at the rate of more than three times the dry 
- weather flow is seldom brought to the Prestolee works, 


The flow of sewage at Prestolee was measured continuously throughout the month 
of December, 1903. Although a fair quantity of rain fell in the district during the 
first week of this-period, the remainder of the time was exceptionally dry, only ‘25 of 
an inch falling in 21 days. During the last week of the month, therefore, which was 
perfectly dry, good records of the dry weather flow were obtained. The average dry 
weather flow during this week was approximately 18,000: gallons per 24 hours, and 
this is therefore taken as the dry weather flow. 


The highest day’s flow of 20,000 gallons occurred on the Thursday and Friday of 
the weck, and the lowest day’s flow of 16,500 on the Saturday and Sunday. 


Owing, no doubt, to the very large infiltration of subsoil water and the low gradient 
of the sewer, the dry weather flow is of an extraordinary even character, so even, in 
fact; that; with the exception of slight variations, which as a rule take place between 
midday and 10 p.m., it may be said to be an almost constant flow. 


“When: heavy rain falls upon the area, considerable, but «still more or less gradual, 
fluctuations occur.» During the meesurements'the greatest increase of volume due to 
rain was in the proportion of three to one within two hours. 


For the whole month of December, the average daily flow. was approximately 22,000 
gallons, or 22: per cent. above the dry weather flow. The rainfall during this period was 
about half the average rainfall for December (1°8 inches as. against 3°67). Although, 
therefore, the daily flow is certainly low for December, we think it probable that the 
figure gives a fair idea of the average daily flow for the whole year. — 


Subsoil Water.—All the facts go to show that a preponderating quantity of subsoil 
or ground water enters the sewers. The sewage flow is almost constant, the sewage is 
extremely weak in character, and the water supply accounts for less than half of the 
dry weather flow. The lowest night flow measured was at the rate of 14,000 
gallons per 24 hours. If this is taken to be mostly subsoil water, it would seem 
that the proportion of sub-soil water to sewage is something like three volumes 
to one. 


On Diagram W will be found some illustrations of the sewage flow at Prestolee. 


Crude Sewage.—Three sets of hourly samples, Nos. 3,319, 3,823 and 3,327, one 
sample of weakest night sewage, No. 3,222, and one ordinary chance sample, No. 3,127, 
were examined chemically. The hourly samples were drawn over the usual three days 
at the beginning of December, 1903, in dry frosty weather following a wet week ; the 
ground was frozen on the surface, but that would not prevent subsoil water finding 
its way into the sewers. The sample of weak night sewage was also drawn at this 
time. The remaining chance sample, No, 3,127, was taken on Wednesday, 
March 18th, 1908, at 8 a.m., after heavy rain during the night, which did not, however, 
appear to have much affected the flow. 
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The following figures were obtained :— 


- i 











Hourly Samples. Chance Samples. 


Weak Night 
Number of Sample No. 3,127. 


Parts per 100,000 | Average. | poi nations. No. 3,222. 








Aramoniacal Nitrogen - - (0:34 to 0°47) 0°42 (3) 0-19 
Albuminoid Nitrogen - - - (012 to 0:17) 0-15 (3) 0:07 
Total Organic Nitrogen - - (0:27) (1) 
Oxidized Nitrogen - -  -(0°48 and 0-26) (2) 0:0 
Total Nitrogen - - -  ~- (0°98 to 1°11) 1:03 (3) 1:10 
“Oxygen absorbed” at once, at 

T° One ot ee O71 ito O76) 0-73 (3) 0:34 0°65 

3 at in 4 hours - (3:06 to 4:14) 3°57 (3) 1:28 2°54 

Chlorine - - - -  ~- (2°74 to 2:90) 2°84 (3) 1:92 
Solids in Suspension - - - (3°36 to 7:20) 5°42 (3) 4°40 
Solids by Centrifuge (vols.) - - (31-0 to B10) | 43-0 (3) 61-0 52-0 
Raviotote cold ear cuepensionmte 

Centrifuge Solids - - -1:71t01:92/] 1:81 (3) 1: 13°9 


) 








The above figures show the sewage at Prestolee to be abnormally weak in character. 
The hourly samples (which were very uniform in composition and had a soapy smell) 
contained only about one part of total nitrogen and gave a 4 hours’ “oxygen 
absorbed ” figure of 3:56, while all of them contained some nitrate, no doubt from the 
presence of subsoil water. The suspended solids, which were very flocculent, only 
averaged 54 parts. The chance sample, No. 3,127, had much the same composition 
as the hourly samples. The sample of weak niyht sewage, No. 3,222, was excessively 
dilute and also contained some nitrate. Thus, even if the foregoing samples are 
weaker than the true average over a dry year, there can be no question as to the very 
dilute character of the sewage which the tanks and filters have to treat. 





Bacteriological Notes.—The sewage was very weak from the bacteriological point of 
view. Three out of the four samples yielded negative results with ‘0001 c.c. (less 
than 10,000 per c.c.) with the B. coli and neutral red broth tests. Further, three out 
of four samples contained less than 10 spores of B. enteritidis sporogenes per C.c. 














B.S.=Bile-salt glucose 
peptone test. 
Number of B, Coli! N.R.=Neutralred broth} p pnteritidis 
(or gas-forming test. snatoenneticer Remarks. 
Coli-like microbes).| In. =Indol test. pores : 
L.P.M. = Lactose peptone 
milk test. 


Description of the 
Sample. 





3319. Prestolee Crude | 1,000 not 10,000 | 1,000 not 10,000 N.R. Less than 10 











Sewage, 1/12/03. (++ indol) 
(+ clot) 
3322. Prestolee Crude | 1,000 not 10,000 | 1,000 not 10,000 N.R. Less than 10 
Sewage, 2/12/03. (- indol) 
(— clot) 
3323. Prestolee Crude | 1,000 not 10,000 | 1,000 not 10,000 N.R. Less than 10 
Sewage, 2/12/03. (-+ indol) 
(+ clot) 
3327. Prestolee Crude 100,000 100,000 N.R. 10 not 100 
Sewage, 3/12/03. (+ indol) 


(— clot) 
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DETRITUS TANK. 


Number - : r ; 3 : 1 

Size - : 4 - “ 2 - 9 feet by 5 feet. 
Depth of water - - - - - 3 feet 6 inches. 
Capacity - - - - - - 984 gallons. 


Construction.—T he detritus tank is a rectangular tank constructed of brick and 
cement, with a concrete bottom. It is fitted with a 3 inch screen and a scum-board. 


Working.—The tank receives the whole flow of sewage, night and day. It is cleaned 
out once a week by means of a scoop, the sludge being deposited in a small lagoon 
situated at the side of the tank. When the sludge is sufficiently dry, it is thrown up 
on to a heap and used as a top dressing for grass land, as occasion requires. 


SEPTIC TANK. 


Number - : - - - - 1. 

Size-  - - - - - - 38 feet by 10 feet. 
Depth of water - - &. abe 7 feet. 

Capacity - - - - - - 16,625 gallons. 


Construction.—The septic tank is a simple rectangular chamber constructed of brick 
and cement walls, with a concrete bottom, and covered with a brick arch over which a 
layer of soil is spread. The sewage enters the tank at the water level through a single 
inlet pipe, and issues (also at the water level) through a pipe placed at one of the 
extreme corners of the outlet end. The outlet is protected by a scum-board. 


Flow through.—With a dry weather flow of 18,000 gallons per 24 hours, the flow 
through the tank would be once in 22 hours, at the rate of ‘84 inch per minute. 


Working.—Vhe tank receives the whole flow of sewage, day and night. It was first 
brought into use in March, 1899, and has not yet been cleaned out (January, 1906). 
This lengthened period of use is probably to some extent due to the fact that the 
sewerage system is practically a separate one, and that therefore not much heavy 
mineral matter is brought to the works. 


Septic Tank Liquor.—Three sets of hourly samples and eight chance (including five 
experimental) samples were examined chemically. ‘The hourly sets, Nos. 3320, 3824 
and 3329, were of course drawn at the same time and under the same conditions as 
the hourly sets of sewage. They gave the following figures :— 








a Parts per 100,000 | Average. a unalerie 
Ammoniacal Nitrogen - - - - - - = = (0°49 to 0°53) 0:52 (3) 
Albuminoid Nitrogen - - - - - - =~ = (016 to 0:17) 0:17 (3) 
Total Organic Nitrogen - - - - - - -  - (0'36t0044) | 0-40 (3) 
Total Nitrogen - - - - - = = = — = (0°85 to 0°97) 0-91 (3) 
“ Oxygen absorbed ” at once, at 27° C.or 80° F. - - ~~ - (0°44 to 0-70) 0:59 (3) 

x ra in4hours - - - - - — = (241 to 3:09) 2°84 (3)) 
MilaringH iY oe-Aisiney) ooyerrsrpcralt omic i=, (2°82.t0 2°90) 2-85 (3) 
Solids in Suspension - - - - - - - ~~ = (2:52 to 3°80) 3:17 (3) 
Solids by Centrifuge (vols.) - - - - += = — = (22:0 to 26:0) 25°0 (3) 


Ratio of Solids in Suspension to Centrifuge Solids - - (1:68t01:87) | 1:79 (3) 
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These three hourly sets of septic tank liquor were to all intents and purposes 
identical in composition. They were all opalescent and turbid, with small quantities 
of blackish deposit and a somewhat sour septic tank smell. It will be observed that 
the chemical figures of analysis are almost the same as those given by the hourly 
samples of sewage, the percentage reduction on the latter being very small, thus :— 

















Calculated on. Reduction. 
Total Nitrogen” <7) Ge a ge ore 12 per cent. 
Albuminoid Nitrogen _- - + Jue . TOLL MOU SU) eg iadet iol No reduction. 
“Oxygen absorbed” in 4 hours - gare - “tt ° - els 20 per cent, 
Suspended solids". 7* Ui 7a9U 98) ils! Bee Tl Ditieeots God & A 42 per cent. 








The septic tank liquor is thus remarkably dilute. 


~The eight chance samples of septic tank liquor examined were Nos. 3,043, 3,076, 
3,164, 3,206, 3,587, 3,590, 3,593 and 3,595. The first two of these were drawn in the 
months of November and December, 1902, the next two in June and August, 1903, 
and the last four in January, 1905, these four being samples taken at the same time as 
the experimental samples of effluent referred:to later in this Report ; they were similar 
in composition to the first four, so are-included here. Six out of the eight were drawn 
in the cold months of the year. The weather at the times when the samples were 

taken was mostly dry, or dry after wet. 


The following results were obtained :— 





ts Parts per 100,000,| Average. | ,,umber of 
Ammoniacal Nitrogen = = = =e 10°50 to 0°76): 0:70 Dalia 
_-Albuminoid Nitrogen’ .- > --- += =. - 9 {017 fo 027 9 eee (5) 
Total Nitrogen = = = 8 0°86 and 1°46) ve [ark Bac 
~-“ Oxygen absorbed” at once, at 27° C. eo jee. es °) 0°55 to 0°95) 0°72 (7): 

* yo in A heurg Ee BO AO to FER) SAT (8) 
Chlorine ~ = =e tt t= (220 to *8:84) 3°87 (6) 
Solids in suspension abhi te Heeoechehint esta ees, eee 2:90) eg 5°04 2) Bee 
Solids by centrifuge (vols) - == = s+ =~ (15-0 to 29-0) |- 230 «| + (7) 
Ratio of solids in suspension to centrifuge solids - (1:38 to1: 10:4) 1:66 = (3) 





* No. 3043 gave this (relatively) high figure for chlorine ; the chlorine, in the other five samples in which 
it was determined, varied between 2:20 and 3°36, 7.¢., it was the same as in the hourly samples. as 


Like the hourly. samples, these chance samples of septic tank liquor were of very 
even composition throughout, and they were uniformly very dilute, though on the whole 
slightly stronger than the hourly samples. The average centrifuge figure for solids 
was almost the same in both, but the chance samples as a whole probably contained 
rather more suspended solids than the hourly samples. The dilute character of this 
liquor was well exemplified by No. 3,595, which -was-of nearly the average strength, 
but only took up 12 parts of oxygen from water in 24 hours, when diluted with 
3 volumes of tap water. cae 
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Compared with the hourly samples of sewage, the chance samples of eng tank 
liquor show the following differences in figures :— 


Number of 


Calculated on :— caret Estimations. 








Ammoniacal Nitrogen - - - =o tu - ee - | 67 per cent. increase (5) 
Albuminoid Nitrogen - : . = : : “ - - | 40 Le - (5) 
“Oxygen absorbed” at once - : : . - = : ae) e i, (7) 
Oxygen absorbed in 4 hours - - - - - - eed »» reduction (8) 
Solids in suspension -~— - - . - Thick - ae Sea 3 (4) 


It would seem, therefore, that a considerable digestion of solid matter was going 
on in the tank, or that the hourly samples of sewage were drawn at a time when the 
sewage was rather more dilute than the average. Probably both of these suggested 
explanations are ccrrect. 


Bacteriological Notes.—The samples of septic tank liquor usually gave positive results 
with the B. coli and presumptive tests for B. coli with 0001 c.c. (10,000 per c.c.). As 
regards the B. enteritidis sporogenes test, the results varied from 10 per c¢.c. to less 
than 10 perc.c. Although the Septic tank liquor was weak bacteriologically, it cannot 
be said that the samples of tank liquor were purer (bacteriologically) than the excep- 
tionally weak crude sewage. Indeed, if anything, the crude sewage yielded better 
results. This is in agreement with the chemical figures. 


As regards the samples of Septic tank liquor which were drawn at the same time as 
the samples of experimental effluent, the bacteriological results were very similar to 
those already described. 





B.S.=Bile-salt glucose 


peptone test. 
sath Numberof B_ | 1. —Neutralred broth teas 
Description of the coli (or gas-form nan B. enteritidis Ragas 
Sample. ing coli-like Feet teats sporogenes test. ; 


microbes). L.P.M.=—Lactose pep- 
tone milk test. 











3044. Prestolee septic 100,000 100,000 In. 10 not 100 
Tank liquor, 4/11/02. (—indol) 100,000 L.P.M. 
( — clot) 
3076. Prestolee septic — 10,000 not 100,000 B.S. 10 not 100 “Gas” test +1 
tank liquor, 17/12/02. 10,000 not 100,000 N.R. cc, (24 hours at 
20°C.) Number 
3164. Prestolee septic a 100,000 N.R. 10 not 100 of bacteria (agar 
tank liquor, 10/6/03. at 37°C) 120,000 
per ¢.c, 
3320. Prestolee septic | 1,000 not 10,000 | 1,000 not 10,000 N.R. 10 not 100 
tank liquor, 1/12/03. (+indol) 
(+ clot) 
3324. Prestolee septic |10,000 not 100,000, 10,000 not 100,000 Less than 10 
‘tank liquor, 2/12/03. ay 
— clot) 
3329. Prestolee septic |10, Fe not 100,000; 10,000 not 100,000 Less than 10 
tank liquor, 3/12/03. (+-indol) 
( - clot) 
3587. Prestolee septic [10,000 not 100,000) 10,000 not 100,000 B.S. Less than 10 
tank liquor, experi- (+Hndol) 10,000 not 100,000 N.R. 
mental, 4/1/05. . (clot) 
3590. Prestolee septic (10,000 not 100,000) 10,000 not 100,000 B.S. 10 not 100 
tank liquor, experi ( —indol) 100,000 N.R. 
mental, 5/1/05. ( — clot) 
- 3593. Prestolee septic | 1,000 not 10,000 | 1,000 not 10,000 B.S. 10 not 100 
_tank liquor, experi- (--indol) 1,000 not 10,000 N.R. 
mental, 6/1/05. (-+-clot) 
3595. Prestolee septic |10,000 not 100,000; 10,000 not 100,000 B.S. 1 not 10 
tank liquor, experi- (+tindol) 10,000 not 100,000 N.R. 


mental, 9/1/05. (+-clot) 
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FILTERS. 
Number - nie etnies : 3. 
Size of each - - - - - 27 feet 9 inches by 25 feet 
8 inches. 
Area of each - - - = 79°11 square yards. 
Total area’ =" = - : - 237 33 square yards. 
Depth of material - - - . 5 feet. 
Cubic content of each - . - 131:85 cube yards. 
Total cubic content - - ~ 3955 cube yards. 
Material : - - - (Top) 1 foot fine cinders, + to 


4 inch diameter ; 
(Middle) 3 feet mixed cinders ; 
(Bottom) 1 foot rough cinders. 


Construction.—The filters are constructed below the level of the ground. They are 
completely enclosed on the four sides by brick and cement walls, and they rest on a 
concrete bottom. Air can only gain access to the interior of the fitter either from 
the surface downwards, or upwards through the one outlet valve at the bottom, 
which is always kept open. 

Distribution.—The distribution over the surface of each filter is effected by one main 
distributor, consisting of a six-inch half pipe laid diagonally across the surface of the 
bed. This feeds three branch-distributing channels, also constructed of half pipes. 
The channels are swept out every day after a bed has been used. 


Underdraining.—The effluent is collected at the bottom of the filters by one main 
drain, which is carried diagonally across the concrete floor and fed from two branch 
collectors on either side. | 


Working.—Each filter receives the whole flow of septic tank liquor for a period of 24 
hours, in turn. The general state of the installation, therefore, is—one filter working 
and two resting, so that a filter receives septic tank liquor for one day and rests for 
two days. 

Except when it is necessary to remove the sludge which has accumulated on the top 
of the material, the filters require attention only once a day, and this only for a few 
minutes, in order to sweep the channels and alter the flow. 


From the time when a filter is brought into use after being cleaned, the septic 
tank liquor delivered from the distributing channels gradually spreads outwards over 
the surface of the material, until, at the end of about a month, if the weather is dry, 
the whole surface becomes clogged ; during wet weather this clogging may take place 
inhalfthe time. Whenclogging occurs, the thin coating of sludge is removed, together 
with the cinders which adhere to it, bymeans of a shovel. A thin layer of fresh cinders 
is then spread over the filter, and after this has been patted down, the filter is again 
ready for use. The clogged cinders are spread out to dry at the side of the filter. 
After lying exposed to the air for some time, they can be riddled and used again. 

Age of filters.—Beds Nos. land 2 were first brought into use in March, 1899. No.3 
was not started till August, 1901. 

Amount of Septic Tank Liquor treated upon the filters.—On the basis of an average 
daily flow of 22,000 gallons, the quantities of septic tank liquor treated over the 
whole filtering area are :— 

Per square yard per 24 hours, 92°7 gallons. 
Per cube yard per 24 hours, 55°6 gallons. 

It has to be remembered, however, in reading these figures, that they are obtained by 
dividing the total area and total cubic content of all the filters into the daily flow. 
As only one filter is in use at a time, the actual rate at which the septic liquor passes 
on to any one filter is three times as much as this, 7.¢. :— | 

Per square yard per 24 hours, 278 gallons. 
Per cube yard per 24 hours, 166°8 gallons. 

On the basis of the dry-weather flow of 18,000 gallons per 24 hours, the quantities 
treated are :— 

Per square yard per 24 hours, 75°8 gallons. 
Per cube yard per 24 hours, 45:5 gallons. 
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Efluents—Three sets of hourly samples, six ordinary chance samples, and six 
experimental samples were examined chemically. The hourly sets, Nos. 3,321, 3,325, 
and 3,330 were drawn at the same time and under the same conditions as the hourly 
samples of sewage and of tank liquor; hourly fractions were taken according to the 
rate of flow of the sewage. It was noted with regard to the first set, No. 3,321, that 
frost broke the surface of the bed to some extent, and let the liquid through without 
much ponding. No difference was, however, perceptible between the chemical 
purification here and that of the other two sets. 


The following figures were obtained :— 














Past pr 200000 | Avene ee. 

Ammoniacal Nitrogen - - (012 to 0:14) 0:13 (3) 
Albuminoid Nitrogen - - (0:03 to 0:04) 0:03 (3) 
* Total Organic Nitrogen - : - (0°04 to 0:16) 0-10 approx. (3) 
Oxidized Nitrogen : . - (0°30 to 0°40) 0°33 (3) 
Total Nitrogen © - ~- ~- (0:46 to 0°69) 0:56 (3) 
“Oxygen absorbed ” at once, at 27° C. (0°06 to 0:15) 0:10 ~ (8) 
“ in 4 hours- - (0°28 to 0°33) 0-31 (3) 
Incubator test (Scudder) . : : - - 3 passed (3) 
Incubator test (by smell) - : : - : 3 passed. (3) 
Smell when drawn -— - - - - - - { 1sli gee eat \ (3) 
Smell when analysed - - - - - - 3 good (3) 
Chlorine - a Soe ~~ en (2°70, to 2°88) 2°78 (3) 
Solids by centrifuge (vols.)  - —-- - - - Trace only (3) 











These three hourly sets of effluent were—practically speaking—identical from a 
chemical point of view. They were almost clear and colourless, with but a trace of 
suspended matter—in fact, they looked almost like water. The total nitrogen averaged 
only 0°56 part per 100, 000, of which 0°33 part was nitric nitrogen ; nitrous nitrogen 
was in every case absent on the day of analysis and practically none was found after 
incubation. ‘The 4 hours “ oxygen absorbed” figure was only 0°31. The last of the 
three sets was noted as having a faint but distinct odour of sewage when drawn, but~ 
none of the samples had any smell when analysed, and they all withstood the incubator 
test. 


Compared with the hourly samples of een tank liquor, we have the following 
reduction 1 in figures :— aed. >of 











BO wenintedron cee si yeae | % J ris a 

Total Nitrogen” - - : Toor - . - - : - 38 per cent. 
Ammoniacal iN itrogen_ : i ; : £ : - - - 75 es 
Pe meinoid Nitrogen <0 RS Gn Ae Cee res Bene 82 .9 
Total Organic Nitrogen - A ae - : a : hits 75 : 
“Oxygen absorbed” at once at dt : : - eal Lae - : 83 2» 
|v : im 4 hours - 3 2 ho ‘ Bah ie ie - 89 55 
Solids: in suspension ; | Oy eee ea = , 8 We Oke eee, | 109 +; 














* The quantity here was too small for accurate determination by an indirect method. 
6225.—App. III. 3K 
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As judged by the hourly samples of effluent, therefore, the purification effected by 
the Prestolee filters on the dilute tank liquor is good, and a_ high-class effluent is 
produced. an ad ; 3 da i. 


Of the:six ordinary chance samples. of ‘effluent. examined—-Nos. 3044, 3077, 3164a, 
32078, 3208 and 709—four were drawn in the summer and'two in the winter months, 
partly in dry weather, and partly.in dry weather shortly after wet. ~ No. 3208 was a 
sample of drainings, taken 63 hours after septic tank liquor had ceased to be run on 
to the bed in use at the time; its figures of analysis, however, are practically the 
same as those given by the other samples, and-so it is included here. |The other five 
samples were drawn from beds which at the time had been receiving tank liquor for 
11, 23, 9, 65 and 33 hours respectively. They may thus be taken as representing 
fairly enough the average working of the beds. | 


The following figures were obtained on analysis :— 

















Parts per 100,000 | Average. oe pratt 
ee ees | fo rs 
Ammoniacal Nitrogen — - : - . - (0°02 approx. to 0:06) | 0°05 (4) 
Albuminoid Nitrogen - - - - - =” (0:01 to 0-02) 0-09 PEt ee 
Oxidized Nitrogen - - - - - (0°35 to 1:50 approx.) 0°90 ap.” Oy 
“ Oxygen absorbed” at once, at 27°C. - - - (0°03 to 0:28) | 014° 0 "=(6)- 
; in 4 hours = - ~~! (0-21 to 0-71) 0°41 (6) 
Dissolved Oxygen taken up in 24 hoursat about 18°C. (0°02 to 0:10) 0:04 ap. OM 
5 passed / a . 
Incubator Test (Scudder) - - - - -* ti practically passed . (6) 
< ;, (by smell) 2 apauoe ideils £ 6 passed mG Li} 
(5 good 
apie ey He Cee a amen “  *  * ‘\1 faint sulphide smell (6) 
Solids by Centrifuge (Vols.)  - - - -  - (00 to 2°5) Practically 0°0 (6) 
c.c. per litre. 
Oxygen-in solution when analysed —- . - (1°9 approx. to 5°8) 44c.c.ap.| (5) 








Like the:hourly samples of effluent, these chance samples were all clear and bright: 
with practically no suspended matter, and with either no smell at all or only @ faint: 
earthy one-on'the day of analysis. - With regard to their’smell when drawn, No. 3,077 
was noted:as having a‘slight odour of sulphuretted hydrogen.’ This faint odour: has 
been noticed on several occasions, but as a’general rule. the Prestolee effluents have 
a perfectly clean smell when drawn. Z, B SOG 


It may be said that almost the whole of the nitrogen they contained was in the 
oxidized state, and they not merely withstood incubation readily, but took up practi- 
cally no dissolved oxygen in the process.’ “They were‘thus éffluents of very high class. 

Compared with (a) the hourly and (b) the chance samples of septic tank liquor 
(taking the whole eight samples of the latter examined), these effluents show the 
following reduction in figures :— 

















Calculated on :— Hourly. Chance. . 
Ammoniacal Nitrogen- -~— - nee - 90 per cent. 93 per cent. reduction. 
Albuminoid Nitrogen - - 2 E : s 88 S re 90 95 
“Oxygen absorbed” at onece- —- a, Ae mae’ Oe ics 81 ae 99 
+ 5 in. 4 hops ae eee Bee a ge Pee ae $7 es 
Solidsin Suspension - - - - (Practically) LOOn, os 100, vo 





* One of these is taken for granted. 
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Bacteriological Notes.—Generally speaking, the B. coli test and presumptive tests 
for B. coli yielded positive results with from ‘01 to °001 c.c. (100 to 1,000 per c.c:). 
Nearly all the samples yielded negative results’ with 1 c.c. with the B. enteritidis 


sporogenes test. 


Sample 3,077 contained only 2,600 microbes per. c.c.° (agar at 


87° C.). Apart from the question of the weak nature of the sewage being treated, the 
effluents were very good bacteriologically. 


As regards the experimental samples, the results remained good even under ‘the 
conditions of experiment. | 





Description of the 
Sample. 


Number of B’ 
coli (or gas-form- 
' ing coli-like 








B.S. =Bile-salt glucose 
peptone test. 

N.R. = Neutral red broth 
test. 

In=Indol test. 





























B Enteritidis 





sporogenes Remarks. 
test. 
1 not.10 
Less than 1 “Gas” test, nega- 
: tive 1 cc. 24 
hrs. at 20° C. 
Number of bac- 
teria, 2,600 per 
c.c. (agar at 37° 
Legs than 1 
Less than 1 
Less than 1 
10 not 100 
Less than 1 
Less than 1 
Less than 1 





putorates). L.P.M.=Lactose _ pep- 
tone milk test. 
3045 Prestolee effluent, |10,000 not 100,000 100,000 L.P.M. 
4/11/02 - (-Lindol) 10,000 not 100,000 In. 
(clot) ; 

3077 Prestolee effluent, — 100 not 1,000 B.S 
17/12/02 100 not 1,000 N.R 

3164B Prestolee effluent, = 100 not 1,000 N.R. 
10/6/03 

3207B Prestolee effluent, = Less than 100 N.R. 
4/8/03 

3207 Prestolee effluent gies Less than 100 N.R. 
drainings, 4/8/03 j 

3321 Prestolee effluent, | 100 not 1,000 100 not 1000. N.R. 
1/12/13 - (+indol) 

(clot) 

3325 Prestolee effluent, | 1,000 not 10,000 | 1,000 not 10,000 N.R. 

* 2/12/03 (+-indol) 

(clot) 

3330 Prestolee effluent, | 1,000 not 10,000 | 1.000 not 10,000 N.R. 
3/12/03 (+indol)  . 

; (-+-clot) 

709 Prestolee effluent, 1,000 not 10,000 1,000 not 10,000 B.S. 
15/6/04 (+-indol) 100 not 1,000 N.R. 

(+-clot) 

3588 Prestolee effluent, | 100 not 1,000 100 not 1,000 B.s. | 

experimental, 4/1/05 (-indol) 1,000 not. 10,000 N.R. 
(—clot) 

3589 Prestolee effluent, | 1,000 not 10,000 | 1,000 not 10,000 BS. 

experimental, 4/1/05 (—indol) 1,000 not 10,000 N.R. 
(—clot) , 

3591 Prestolee effluent, | 1,000 not 10,000 | 1,000 not 10,000 B.S. 

experimental, 5/1/05 (—indol) 1000 not 10,000 N.R. 
. (—clot) : 

3592 Prestolee effluent, | 1,000 not 10,000 |; 1,000 not 10,000 B.S. . 

experimental, 5/1/05 (+indol) 1,000 not 10,000 N.R. 
. ; (+clot) 

3594 Prestolee effluent, | 1,000 not 10,000 | 1,000 not 10,000 B.S. 
experimental, 6/1/05 | © (—indol) .| 1,000 not 10,000 N.R. 
ie » (+clot) 

3596 Prestolee effluent, 10,000 10,000 B.S. 

_ experimental, 9/1/05 (+-indol) 10,000 N.R. 
; (+clot) 
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‘Less than 10 


Less than 1 


1 not 10 


1 not 10 


Less than 1 


Less than 1 
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Effect of Temperature upon the Working of the Filters.—The temperature obser- 
vations at Prestolee have included a set of temperature measurements, made every 
few hours over a period of three days in cold, frosty weather, and also isolated 
measurements made on the occasion of each visit to the works. Notwithstanding the 
frost which prevailed during the greater part of the time when the former measurements 
were being made, the temperature of the effluent never fell below 7°C. (44 6°F.), even 
although at the time the temperature of the atmosphere was — 3:2°C. (26:2°F.) 


It is interesting to observe also, that the temperature of the tank liquor was, as a rule, 
slightly higher than that of the sewage. The lowest effluent temperature measured dur- 
ing any visit to the works was 60°C. (42:8°F.) ; this was in January, 1905, when the 
temperature of the atmosphere was 5°C. (41°F.) and a strong east wind prevailed. 


Speaking in regard to ordinary frost (for we have had no experience of very severe 
weather at Prestolee), we have concluded from these observations that the temperature 
of the sewage and effluent is only slightly affected during cold weather, and that it is 
more affected by a cold wind than by frost. | 


Experiment to ascertain the Ejfect of keeping one of the Filters ponded for a 
lengthened Period. 


In order to gain some idea of how long it would be possible to work one of the 
fine Prestolee filters, treating the dilute tank liquor there, the following experiment was 
made :— ‘USS 


On Wednesday, January 4th, 1905, at 2.30 p.m., Septic tank liquor was turned on 
to Bed No. 1, which had previously been rested for 293 hours, 2.2., a shorter period of 
rest than the usual two days. At this time the weather was fairly dry, but the ground 
was wet. The first sample of effluent from the bed was drawn 30 minutes after the 
start, at which time the effluent had begun to flow out at a fair rate, and others were 
taken from time to time, as detailed below. The experiment lasted until January 9th, 
at 4.20 p.m., 2.¢., for fully five days, the weather for the greater part of this time being 
showery, but the flow of sewage never much above the normal. 


During the course of the experiment four samples of septic tank liquor were drawn 
Viz. :— ) | 


No. 3587 on January 4th at 2.30 p.m. 
No. 3590 on January 5th at 10.45 a.m. 
No. 3593 on January 6th at 9.45 a m. 
No. 3595 on January 9th at 4.0 p.m. 


As already stated, these samples were very much alike in composition, and 
their figures of analysis are therefore averaged here and placed in one column, 
beside the figures for each of the experimental effluents, which are given separately. 
Those effluents were :— ' 


No. 3588 Drawn Jan. 4th, 30 minutes after starting bed ; Miah hitae 
yRa0Go ,, 4th, 64 hours de cf ; bed three quarters ponded. 


0 O00 Lameae, » Sth, 203 ,, ¥ - ; bed four-fifths ponded. - 
= bOOO 2am fe OLD, 21 ee 3 y; ; bed ponded nearly all over. 
, 0094 ,, +, <6th,; 432 ,, e a ; bed nine-tenths ponded. 


» 30096 _ ,,. a tilde AALS : = ; bed completely ponded. 


vt 


The analyses are as follows :— 


4.45 













































































aioe 2 Effuents. Nos. 
Sana Septic 
Tank 
Liquors. | 3588 3589 3591 3592 3594 3596 
Drawn - - - - | Jan. 4th. | Jan. 4th. | Jan. 5th. | Jan. 5th.| Jan. 6th.| Jan. 9th. 
Analysed z Z bb baty a OUN den, Gthity +... Oth te OER. eu, LOth: 
Parts per 100,000 
Ammoniacal Nitrogen - - - | 0°75(4)* | 0:04 0-19 0:28 0:26 0°32 0°60 
Albuminoid Nitrogen - 0°22 (4) 0:07 0-06 0-05 0:07 0-07 0-07 
Oxidized Nitrogen - 090 | 044 | 040 | o32 | 027 | 0-00 
“Oxygen aligning at once, co 0°76 (4) 0-14 0:23 0-17 0-29 0-38 0:31 
to. Z F in 4 hours -| 321 (4) | 056 | 091 | 047 | O77 | 6-81 0-65 
Dissolved O tak 
Cae Peel) 120 (1) | 0-48 | 062° | 0-88 |: 056.7 0-88) |i 08s 
Incubator Test (Scudder) - Passed Passed Passed | Passed | Passed | Failed . 
Incubator Test (by smell) = 2 Passed | Passed | Passed | Passed | Passed Failed 
Smell when drawn - os Faint | Good | Good | Good | Good Strong 
. soapy sewage 
Smell when analysed. - Slight | Slight | Good | Slight | Good | Slightly 
soapyand| soapy soapy and unpleasant 
earthy earthy 
Chlorine - - . - - | 2°93 (4) 
Solids in suspension - - - | 6°40 (2) 
Solids by centrifuge (vols.) - - | 174 (3) 0:0 0-0 0-0 0-0 0-0 0:0 
_ cc. per litre.y 
Oxygen in Solution (when 
analysed) - - - - - 5°6 4-2 5-1 0-0 1:0 0°7 

















On examining the results of the foregoing experiment it is seen that, at 64 hours 
after the start, the bed had become ponded over three-fourths of its surface and that 
the ponding gradually increased, but with fluctuations, until the bed was completely 


under water. 


The septic tank liquor, during the whole of the experiment, was of about the same 


strength as all the other samples—both hourly and chanc 


though with rather more suspended solids. 





The experimental effluents, while of fair quality for the first two days (and indeed, one 
might infer, for the greater part of the five days over which the experiment lasted), did 
not even at the beginning approach the standard of the ordinary chance samples or of 


the hourly samples, previously examined, 


The first experimental sample had a slight 








.* The figures in brackets indicate the number of estimations in each case. 


+ In comparing the figures for dissolved oxygen found on the day of analysis, it is important to note that 
these estimations were made on the day after the samples were drawn, in the case of Nos. 3588, 3591 aud 
3596 ; two days after, in sample No. 3589 ; three days after, in No. 3594; and four days after, in No. 3592. 
The samples which could not be examined at once were ‘kept in ice, but No. 3592 was at atmospheric 
temperature for two days after being drawn ; this no doubt accounts for its oxygen being exhausted. 
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soapy smell when drawn and analysed, the next four an earthy smell, and the last 
sample a strong sewage smell when drawn and a slightly unpleasant one when 
analysed. | 


The figures for ammoniacal nitrogen and for nitric nitrogen (no nitrite being present 
in any sample on the day of analysis) show that there was a gradually decreasing 
oxidation as the experiment proceeded. The figures both for ‘‘oxygen absorbed” 
from permanganate and for dissolved oxygen absorption are less regular, but this is 
no doubt partly due to the fact that all the effluents could not be examined at equal 
intervals of time after they were drawn. Since all of them were free, or practically free, 
from suspended matter, they would no doubt exhaust any oxygen present in solution 
before trenching upon nitrate. In the case of No. 3,592, for instance, no dissolved 
oxygen was found on the day of analysis, but nearly four days had elapsed since the 
effluent was drawn, and during nearly two of these it had stood at atmospheric 
temperature. Although, therefore, it contained no oxygen when analysed, it took up 
only a moderate quantity of oxygen from water during the next 24 hours. 


In only one instance—the last sample—-did the effluent fail to withstand jacubation. : 
The figures of this last analysis are particularly interesting, as exemplifying the case of 
a partially purified effluent from a weak sewage—an effluent which gives low figures 
for albuminoid nitrogen, for “oxygen absorbed ” from permanganate, and for dissolved 
oxygen taken up from water, and which vet fails to withstand incubation, from lack of 
any nitrate to fall back upon. The case is of course an exceptional one, but it is none 
the less instructive. | 





We think that the general inferences to be drawn from this experiment, as regards 
the practical working of the beds at Prestolee, are :— . : 


1, That beds used on this system can only be worked for a certain limited time with- 
out being rested ; this has, of course, long been well known ; s 


2. That the beds at Prestolee are worked well within their limits, that is to say, they 
are not called upon to receive liquid for such a length of time as to put a strain upon 
their aeration. 


SUMMARY. 


The sewage is, practically speaking, a slop-water sewage, and it is exceptionally weak 
in character because of the great infiltration of sub-soil water into the sewers. 


The grit chamber is rather large—as grit chambers go—both in relation to the flow 
of sewage and to the size of the septic tank. It is cleaned out once a week, when a 
considerable quantity of grit sludge is removed from it; it thus aids materially in_ 
prolonging the period during which the septic tank can be run without sludging. 


Like the sewaye, the septic tank liquor is of course unusually dilute and, because of 
the separate sewerage system, it remains very uniform in composition. The suspended) 
solids in the hourly samples averaged only 3-2 parts per 100,000 (as against 5:4 in the 
sewage), after the tank had been in use for four years; in four of the chance samples 
of septic tank liquor examined, these solids averaged 5 parts. It should be borne in 
mind here that the volume of liquid flowing through the tank does not vary within very. . 
wide limits—a circumstance which tends to uniformity in the quantity of suspended 
matter in the issuing liquid. Although, therefore, the percentage reduction by the 
septic tank of the suspended solids of the sewage is not very great, the filters have not 
much suspended matter to deal with. 4 


Though we have made no accurate measurements of the quantity of sludge in the 
tank, we have satisfied ourselves that the tank was at least half full of sludge at the end | 
of the observations, in January, 1905, 2.c., after six years’ working ; and this receives 
corroboration from the fact that the surface layer of a filter now requires renewal 
about once in three weeks, whereas, at the beginning, once in three months sufficed. 
At the same time this difference is not entirely due to the increase in suspended; 
solids in the tank liquor, but also to the circumstance that the flow of sewage at Prestolee 
is gradually getting larger. The tank has not yet been sludged, but its emptying’ will 


/ 


“AAT 


probably present some difficulty, and a considerable quantity of sludge will have to be 
dealt with. Considering, however, the comparatively small size of the installation and 
the length of time that the tank has run, this cannot be considered a sericus disadvantage 
to the process. 


The filters are simply and: cheaply constructed—as in fact, are the whole of the 
works. The grading of the filters appears to us to have been done with much judgment 
and without unnecessary refinement. The bottom layers are of comparatively coarse 
material, while the surface layer—made up of particles ¢ inch to § inch in diameter and 
periodically renewed—is sufficiently fine'to prevent the entrance of suspended matter 
into the body of the filter; at the same time the use of such fine material renders 
periodical renewal of the surface necessary, if clogging is to be avoided. In the case 
of Prestolee the use of cinders for filtering material has been quite successful, although 
at some Other places they have been found to disintegrate badly. 


One point which may seem open to criticism is that the filtering material rests 
directly upon a concrete floor, the only opening in the base being at the outlet valve. 
It would, no doubt, have given a greater “reserve of eration”—if the term may be 
allowed—had the material rested on a false bottom, and had one side, at any rate, of 
the containing walls been pigeon-holed along the base ; still, four of the five ordinary 
chance samples of efflzent, which were tested for dissolved oxygen, were found to be 
well crated. 7 | 


Both the hourly and’chance samples of effluent examined were of high class, 
chemically ; the chance ones of very high class. This was, of course, mainly due to 
the fact that, on the average, only. 93 gallons per square yard, or 56 gallons per cube 
yard, of a very dilute tank liquor were being treated ; but still, the satisfactory result of 
the filtration remains. Bacteriologically, the actual results were very good, but it 
must also be borne in mind here that the tank liquor itself was' exceptionally weak in 
bacteria. 


The experiment upon the ponding of a bed at Prestolee for a lengthened period 
again showed that beds of this nature can only purify tank liquor for a lmited 
period’ of time, after which they require to be rested, and—at ‘a longer interval—to: 
have their surfaces scraped and renewed. The degree of purification effected by such 
filters, therefore, depends upon the length of time that they are fed with tank liquor, 
and upon the condition of their surface material; the latter must’ be ‘clean and‘ at the 
same time well consolidated. In other words, good management tells very largely 
upon this class of installation. The design of the whole..works,..at..Prestelee is 
eminently suited to the proper treatment, of the class of sewage. 


Apart fromthe local:smell which arises when the grit chamber is being cleaned out 
weekly, we have never noticed any nuisance on our visits to the Prestolee works. 


The results show that. a sewage ‘installation for a -smallcommunity—wheré the 
sewage is dilute—can be constructed on inexpensive lines and worked economically, 
and yet be efficient | 


--The. volume and condition of..the, river Inwellat.Prestolee. are. such as.to. render 
impracticable any observations as.to the effect of the effluent upon the river water 
There have, however, been no signs of particular growths in the effluent outfall pipe 
or in the water close to it. 


We should like,-in’ conclusion, to take this opportunity of ackno wledging che 
assistance givento us during our observations at Prestolee by Mr. C. C. Hooley, who 
designed the works, and by Mr. James Haydock, who has charge of the installation. 








1. Situation of works 
2. Method of treatment - 


10. 
11. 


12. 


13. 


14. 


15 


. Number of W.C.’s 


. Sewerage system 
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ROCHDALE SEWAGE WORKS (ROCH VALLEY OUTFALLD). 


CORPORATION OF ROCHDALE. 


. Population draining to Roch Valley 
outfall during observations. 


. Water supply in gallons per head and 
whence obtained. 


. Average dry weather flow of sewage 
in gallons per 24 hours. 


. Gallons of sewage per head per day 


. Character of the sewage 


Period of observations - 2 : 


Age of experimental Whittaker and 
Bryant filters. 


Amount of storm water treated during 
observations. ' , 


Total capacity of tanks in gallons - 


Total area of experimental filters in 
yards super. 


. Total cubic content of experimental 
filters in yards cube. 


Roch Mills. 


(1) General Process.—1,450,000 gallons 
per 24 hours, made up of (1) the Roch 
Valley sewage, 1,150,000 gallons per 24 
hours; and (2) the Sudden Valley 
sewage, 800,000 gallons per 24 hours. 
Chemical precipitation and continuous- 
fluw settlement, followed by treatment 


either upon land or upon double-contact 
beds. 


(2) Experimental Process.—About 160,000 
gallons per 24 hours (constant quantity). 
Open septic tank treatment and _ per- 
colating filtration through Whittaker & 
Bryant filters, followed by partial 
settlement in a continuous flow effluent 
tank. 


About 52,000. 


18 gallons per head. Corporation water 
works —a fairly soft water. 


900 water closets, 540 waste-water closets, 
Combined. | 


1,310,000. 


20 2. 

A very strong manufacturing sewage, 
containing a large quantity of wool 
scourings, etc. * 


November, 1902, to September, 1905. 


Three years. 


(1) General Process. Up to 6 million 
gallons per 24 hours are dealt with. | 


(2) Experimental Process. The volume of 
septic tank liquor treated on the experi- 
- mental filters is constant. aE 


(1) Precipitation tanks, 1,000, sane 
(2) Septic tanks, 200,000. ° “ 
400. 


1,200. 





* The greater part of the sewage consists of slop-water, but a considerable number of water-closets and 
waste water-closets (900 water-closets and 540 waste water-closets) discharge into the sewers, and the sewers 
also receive about 70,000 or 80,000 gallons of trade refuse per day, made up of 14,000 gallons from Wool- 
See 50,000 gallons from Fellmongers, and 11,000 gallons from Rubber Recovery Works and ripe — 

oilers, 


a 
f 
. 





Diagram X. 


DIAGRAMS SHOWING FLOW OF SEWAGE AT ROCHDALE 


AS FALLING OVER A WeEIR36 WIDE. 
Note :-- Over a Weir 36° wide oe inthes: 
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16. Nature of filtering material - - Coke, all pieces smaller than 14 inches being 
rejected. 


17. Gallons of septic liquor treated per Nov. 1902 to Nov. 1903, 400 cc 
yard super. per 24 hours (all filters Nov. 1908 to Apr. 1905, 450 | eae 
included). April 1905 to Sep. 1905, 400 : 


18. Gallons of septic liquor treated per Nov. 1902 to Nov. 1903, 133 ee 
yard cube per 24 hours (all filters Nov. 1903 to Apr. 1905, 150 141 3° 
included). April 1905 to Sep. 1905, 133 


19. The final effluent is discharged into - The river Roch. 


FLOW OF SEWAGE. 


As the district is sewered upon the combined system, the greater portion of the 
rain falling upon the area finds its way into the sewers. The steep gradient of 
_ the old sewers, however, made it necessary to protect the three branch intercepting 
sewers by means of overflows, and a considerable portion of the storm-water is 
therefore diverted direct to the river. 


There are in all fourteen overflows on the system, though only one of these is upor 
the main outfall sewer. The latter is capable of carrying sewage at the rate 
of about six million gallons per 24 hours and, as it occasionally runs full, this quantity 
is sometimes delivered at Roch Mills and there treated. Any excess above this amount 
is diverted by means of the storm overflows direct to the river. The maximum flow 
of six million gallons per 24 hours is equivalent to rather over four and a half times 
the dry weather flow to this outfall. 


The sewage flow delivered by the Roch Valley sewer was measured continuously over 
a period of one month in May and June, 1904, the second year of our observations. 
The first part of this period was dry and it was preceded by dry weather; we were 
thus enabled to form an approximate estimate of the dry weather flow, while the heavy 
rain which fell later gave opportunities for measuring the flow in wet weather. 


The average daily flow during the first week of the gauging (including the 160,000 
gallons treated by the Whittaker process) amounted approximately to 1,811,000 gallons 
. per 24 hours, and this has therefore been taken as the dry weather flow. 


During a period of seven wet days which occurred later, the average daily flow was 
approximately two million gallons per 24 hours. 


In dry weather the flow is of a fairly even character, and it may be said to fall from a 
rather varying flow with a mean rate of about 2,000,000 gallons per 24 hours, which 
continues from 9 a.m. to 10 p.m., to a steady night flow at the rate of about 750,000 
gallons per 24 hours. 


The greatest day’s flow of 1,850,000 gallons per 24 hours occurred on the Monday 
and Tuesday in the dry week mentioned above, and the lowest day’s flow of 898,000 
gallons per 24 hours came down on the Sunday. 


In wet weather the variations in flow are large and rapid. 


The average daily flow at Rochdale throughout the year 1904-5 was 1,992,000 gallons, 
or 52 per cent. above the dry weather flow. This figure was obtained by Mr. Platt, 
from hourly observations made at the works. Although not put forward as being 
strictly accurate, it is thought to give an approximate idea of the volume of sewage 
treated daily. 


Subsoil. Water.—It. is known that some subsoil water enters the sewers, but the 
volume is not thought to be great. 


On Diagram X are given some illustrations of the Sewage flow at Roch Mills. 
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Crude Sewage.—Three sets of hourly samples and three chance samples, were 
examined chemically. The hourly sets, Nos. 682, 689 and 690, were drawn over the 
usual three days, from May 16th to 19th, 1904, according to the rate of flow, the 
rainfall for these days being 0°0 inch, 0°05 inch and 0°04 inch respectively. Those 
samples may therefore be taken as very nearly representing the dry weather flow. 
No. 689 was noted as containing several lots of wool scourings, and no doubt this 
was present in the others also. 


The chance sample of weakest night sewage, No. 696, which contained dye refuse, 
was drawn on Thursday, May 19th, 1904, at 3°30 a.m. Of the other two chance 
samples examined, No. 3,170, which contained much wool-scouring liquor and grease, 
was an early afternoon sample drawn in dry weather in June, 1908; while No. 3,317, 
also containing wool-scouring liquor, was taken in November of the same year at mid- 
day, in dry weather following wet. The following figures were obtained :— 





Hourly Samples. Woakest Chance Samples. 
Parts per 100,000.27) samp ty ee ee 
Average. aw ng ee No. 696.| No. 3170. | No. 3317: 
Ammoniacal Nitrogen — - - (4:04 to 4:25) 4:16 (3) 1:72 — — 
Albuminoid Nitrogen - - (1:17 to 1-42) 1:29 (3) 0°48 — — 
Total Organic Nitrogen - - (1°73 to 3:27) 2°60 (8) 1:01 o — 
Oxidized Nitrogen - - : - - - 0:0 (3) Trace. — — 
Total Nitrogen - - - (5°93 to 7°31) 6:73 (3) 2°75 — 10°81 
“Oxygen absorbed” at 27° C. at once (8:55 to 9:18) 8:90 (3) 8:29 10°62 31:98 
* 5, at 27° C. in 4 hours (22°83 to 30:08) | 26°55 (3) 12 05 51:56 66°35 
Chlorine - - - - ~~ - (11:08 to 15:90) | 13-01 (3) 11°44 = 13:30 
Solids in Suspension - -. (30°7 to *43°9) | 36°70 (3) 280 | 134-47 a 
Solids by Centrifuge (vols.) _- (195-0 to 339°0) | 299-0 (3) 36:0 710°0 155:0 
Ratio of Solids in Suspension to Centrifuge 
Solids - - - -  -(1:63 to 1:96) | 1:80 (3) 12129 1:53 





The above figures show the Rochdale sewage, as judged by the hourly samples, to 
be very strong, especially in oxidizable matter, as measured by the ‘“‘ oxygen 
absorbed” test, this being no doubt largely due to the fell-mongers’ refuse, 
wool-scourings, and other manufacturing liquors present in the sewage. Pieces of 
floating fat were observed in the hourly set, No. 689. The three hourly sets contained 
practically equal quantities of ammonia, but they were not vtherwise of very uniform 
composition. ‘The sample of weak night-sewage was drawn at 3°30 a.m., and, although 
it had hardly any suspended solids, it was by no means weak as regards oxidizable 
matter ; it contained brown-coloured dye-refuse and had a faint carbolic acid smell. 
Only a trace of nitrite was found in it, but, with so much oxidizable substance present. 
it does not follow from this that no subsoil water gains access to the sewers. The 
abnormally high figures given for ‘oxygen absorbed” from permanganate and for 
suspended solids by the chance sample, No. 3,170, are worthy of note; this sample 
contained much wool-scouring liquor and grease, and the solids were in large aggregates. 
The remaining chance sample, No. 3,317, also gave high “‘ oxygen absorption” figures, 
but contained relatively few solids (say, about 20 parts), as judged by the centrifuge 
figure. Nothing more requires to be added, to emphasise the foul and greasy character 
of Rochdale sewage. 


* This figure is possibly—though not probably—slightly in error. 
+ Containing 1017 parts volatile on ignition. 


} 
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Bacteriological Notes.—Three samples were examined bacteriologically. They 
yielded positive results with the B. coli and neutral red broth tests with ‘00001 c.c. 


(100,000 per c.c.). 





B.S.=Bile Salt Glucose 
Peptone Test. 
NOUR of B. Coli | N.R.=Neutral RedBroth| B. Enteritidis 
; or gas-forming Test. Sporogenes Remarks. 
oS. Coli-like Microbes).| | In.—Indol Test. Ditest: 
L.P.M.=Lactose Pep- 
tone Milk Test. 


Description of the 


3170. Rochdale crude = 100,000 N.R. 100 not 1,000 





sewage, 17/6/03. 
682. Rochdale crude 100,000 100,000 N.R. 10 not 100 
sewage (screened), (+ indol) 
17/5/04. (+ clot) 
689. Rochdale crude 100,000 100,000 N.R. 100 not 1,000 
sewage, 18/5/04. (++ indol) 
(+ clot) 


SCREENS AND DETRITUS TANK. 


Having passed through a 1}-inch screen, the sewage flows into a rectangular detritus 
tank, the four sides of which converge at the bottom. The heavy suspended matter, 
which settles here, is continuously lifted out by means of a bucket elevator driven 
by steam. The matter removed is tipped on the works. 


It is from this catch pit that the sewage is taken for treatment by the septic tank and 
Whittaker-Bryant process, being lifted by means of a 4-inch pulsometer let down into 
the sewage. At this point, therefore, a small proportion of the sewage is diverted, while 
the rest flows through a second screen, with bars half-an-inch apart (this is raked by 
steam power), and then to the precipitation tanks. 


EXPERIMENTAL OPEN SEPTIC TANK AND 
PERCOLATING FILTER PROCESS. 


INTAKE. 


The sewage which is treated in this experiment is taken from the catch-pit situated 
immediately in front of the outfall sewer. The sewage is therefore relieved of some 
portion of its grit and heavy detritus before entering the septic tank ; it is delivered into 
a corner of the tank by means of a 8-inch delivery pipe from the pulsometer, and at a 
depth of 2 feet below the surface. 


SEPTIC TANK. 


Size - S - - - - - - 160 feet by 40 feet. 
Depth of liquid - - - - - - 86 feet. 
Capacity - - - : . - - 200,000 gallons. 


Construction.—The septic tank is constructed of brick and cement walls, with a paved 
brick bottom resting on concrete. It is fitted with a floating arm for the purpose of 
drawing off supernatant liquor when it is being cleaned, and it has also one main sludge 
channel down the centre of the tank, which connects to an underground sludge culvert. 


Except for two shallow scum-boards, which divide it into three equal parts, the tank 
is quite plain. 
Flow Through.—With the normal flow of 160,000 gallons per 24 hours, the flow 


through the septic tank would be once in 30 hours, at the rate of 1066 inches per 
minute. 


Working. —The septic tank receives a constant quantity of sewage day and night, and 
it is only stopped for a short time twice a week, when the effluent tank is being cleaned 
out, and at the longer intervals when it is necessary to remove sludge from the septic 
tank itself. 
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The amount of sewage treated since the commencement of the expcriment, in 
September, 1899, has varied as follows :— 

September Ist, 1899, to December Ist, 1899 200,000 gallons per day. 
December Ist, 1899, to March 7th, 1901 - - 160,000 

March 7th, 1901, to March 20th, 1901 - - 200,000 fe 

March 20th, 1901, to November 15th, 1908 - 160,000 f3 

November 15th, 1908, to April 11th, 1905 - 180,000 ie 

April 11th, 1905, to September, 1905 - - 160,000 . 


Sludging.—The septic tank was started on September Ist, 1899, and ran till January 
10th, 1902, before being cleaned out. During that time it received an average of 
164,600 gallons of slightly settled sewage per day. At this first cleaning, after a run of 
284 months, 936 cube yards of sludge were removed and 193 tons of pressed cake were 
made from it. 


Some difficulty was experienced in pressing this sludge, owing to the fact that it 
clogged the press cloths, and it was found necessary to add at least twice as much 
lime before pressing as is added at Rochdale to the sludge produced by chemical 
precipitation. 


The quantity of sludge which had to be removed at this cleaning, the loss of tank 
capacity which its accumulation had involved, the difficulty of pressing the sludge, and 
the amount of suspended matter in the tank liquor seem to have led the 
authorities to clean the tank more often, and from this time up to 2Ist July, 
1905, the sludge was removed periodically every 6 months. Since it was 
first started, the tank has been cleaned out 8 times, as follows :—l10th January, 
1902; 4th September, 1902; 21st April, 1903; 1st September, 1903; 13th April, 
1904; 138th September, 1904; 8th March, 1905; and 21st July, 1905; during 
our observations, which extended from November, 1902, to September, 1905, the tank 
was cleaned out 6 times. 


Some interesting calculations have been made by Mr. Platt, with regard to the respec- 
tive amounts of sludge produced by chemical precipitation and by septic tanks. 


From September 4th, 1902, to April 21st, 1903, 5°15 tons of pressed cake per million 
gallons were produced by the precipitation process, and 3°88 tons per million gallons 
by the septic tank process, which gives a saving of sludge production in the latter case 
of 85 per cent. 


From April 21st, 1903, to September Ist, 1908, 421 tons per million gallons were 
‘produced by the precipitation process, as against 3°0 tons by the septic process—a 
_gving in sludge production of 29 per cent. 


From September 13th, 1904, to March 8th, 1905, 4°9 tons of sludge per million gallons 
- were produced by the precipitation process, as against 3°6 tons per million gallons by 
- the septic tank process, which gives a saving in sludge production of 27 per cent. 


Mr. Platt puts these figures forward as being necessarily only approximate, but they 
. are none the less important. 


There has been no great nuisance caused during the operation of sludging the 
-septic tank at Rochdale, the chief difficulty being that of pressing the sludge, and this 
has now been lessened by mixing the septic and precipitation sludges and pressing 
the two together. A large quantity of lime is however, necessary, even then. 


The septic tank process is carried on continuously during the cleaning by utilising two 
‘adjoining tanks alternately ; that is to say, when the septic tank requires to be sludged, 
the weir penstock (15 feet wide) in the division wall between the two tanks is opened 
at the end furthest from the inlet, the top liquor flows into'the empty tank, and the 
pumping is continued until both the tanks are full. The penstocks are then closed 
and the pump delivery is changed to the recently filled tank, which now becomes the 
septic tank until the next cleaning; the previous septic tank, after it has been 
emptied, is utilised in the chemical precipitation treatment until again required for use 
as a septic tank. The plan of filling the new tank with the supernatant liquor from the — 
old one appears to us to be a wise one, as it enables the process to go on without a 
break ; we do not know of its having been carried out at any other place. 


f 
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Septic Tank Liquor.—Three sets of hourly samples and seven chance samples were 
examined chemically. The hourly sets, Nos. 684, 687 and 692, were drawn at the 
same time as the hourly samples of sewage and of precipitation liquor, but in equal 
quantities per hour, because the Whittaker-Bryant filters treat a constant quantity 
throughout the day. They may, therefore, be taken as representing practically the dry 
weather flow. 





They gave the following figures on analysis : 











a. Parts per 100,000. | Average. | umber of 

Bee oniacal Nitrogen -  - ewiert Dagianiio ogee (3°70 to 3°76) 3°74 (3) 
Albuminoid Nitrogen - - -~ - : - (061 to 0°71) 0:67 (3) 
Total Organic Nitrogen - ; - - - - - (1:19 to 136) 1:27 (3) 
Oxidized Nitrogen : - . : - : - - ome te 0:0 (3) 
Total Nitrogen - : . . : : : . - (489 to 5:12) 5:01 (3) 
“Oxygen absorbed” at 27° C. (80° F.) at once - - - (4°49 to 6-19) 5:38 (8) 

%3 %» 0) » m4hours - -  - (987 to 11-64) 10:92 (3) 
Chlorine Es ee (11:32 to 12°64) 11°37 (3) 
Solids in suspension —- - - - : - : - (5:0 to 5°7) 5°30 (3) 
Solids by centrifuge (vols.)  - - - ; - : - (27:0 to 31:0) 29:0 (3) 
Ratio of solids in suspension to centrifuge solids - - (1: 427 to1: 62) 1:55 (3) 











The above hourly sets of septic tank liquor were so similar in composition as to be 
almost identical. In the first two of them a smell of soap was still apparent. At the 
time when they were drawn the tank had been in use for only three months, and it 
will be noticed that the settlement of suspended solids was very good, only about 5 
parts per 100,000 coming away in the liquor. Organically, however, this liquor is a 
strong one, both as regards nitrogenous and (especially) other oxidizable matter. 


It is not, strictly speaking, correct to compare these hourly samples of septic tank 
liquor, drawn in equal quantities per hour, with the hourly samples of sewage, drawn 
according to rate of flow, but in view of the even composition of the samples of tank 
liquor, this comparison probably gives a fairly correct result. Subject to this proviso, 
we find the following reduction in figures in the septic tank liquor :— 














Calculated on :— Reduction. 

Total Nitrogen - : - - : - - - - - - : 26 per cent. 
Albuminoid Nitrogen - : : Saye 48 a 
Total Organic Nitrogen - - - - - - - - - . - 51 - 
“Oxygen absorbed” at once - : - - - E - - - 40 te 

ener ane in 4 hours - - - - - - - : - 59 rr 
Solids in suspension - - - - - . - - - - - | 86 ae 
Solids by centrifuge (vols.) — - - - - - - - - - - 90 ss 





From a chemical point of view, there was at the time a better separation of suspended 
solids in the septic than in the precipitation tank, and the precipitation liquor a!so 
gave rather a higher figure with the 4 hours “Oxygen absorbed” test. The total 
nitrogen in both was almost the same. We have no direct data as to the relative 
amounts of atmospheric Oxygen which the two liquors would require for complete 
oxidation, excepting the figures for permanganate oxygen absorption, already referred 
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to, and for dissolved Oxygen absorption in 24 hours by a chance sample of each liquor ; 
but, judging from the degree of absorption of dissolved oxygen from water, overa 
period of two months, by some septic tank and precipitation liquors from other places, 
and bringing the results so obtained to bear upon the above figures of analysis, we 
should infer that the two liquors at Rochdale were of about the same organic strength, 
t.e., that they would require about equal quantities of oxygen for their oxidation. 


The seven chance samples of septic tank liquor examined, Nos. 3054, 3089a, 498, 
3404, 3463, 792 and 3668, were with one exception drawn in the cooler months of the 
year (November to March) and nearly all of them in dry weather. Though of course 
less uniform than the hourly samples, they were still, with two exceptions, comparatively 
even in composition, excepting as regards suspended solids, and were similar to the 
hourly samples. The following results were obtained :— 





Parts per 100,000. Average. Number of 








Estimations. 
Total Nitrogen - = t=, =F = a ee = (S36 to 5:70) 4°40 (6) 
Organic Nitrogen = ==) (- - = 5) a (7-37 and 1°45) (2) 
“Oxygen absorbed” at 27° C. (80° F.) af oncee - - - (8°76 to 7°79) 5:12 (7) 

x wy in M hours > - ot = (737401316) panos (7) 
Chlorine ee ee ee ee Ca Cees hia), 9°69 (4) 
Solids in suspension + Miph PRE Ue DS Sa er ee S20 Oa gO, 8°60 (4) 
Solids by centrifuge (vols) - - - - - - = (250 t0540)| 360 (7) 
Ratio of solids in suspension to centrifuge solids — - - ~(1: 43 to.1 : 971) To 6 (4) 





Sample No. 498 had 11°7 parts of suspended solids and No. 8668, 11°6 parts,— 
quantities far in excess of any of the others. No. 498 was drawn in March, 1903, after 
heavy rain, the tank having at that time been in use for 5 months; while No. 3668 was 
drawn in November, 1905, during a period of dry cold weather, when the tank had 
been running for only 4 months. 


Averaged all together, these chance samples of septic tank liquor were slightly weaker 
than the hourly samples, excepting that they had rather more suspended solids. One 
sample was not noted for its reaction, but otherwise they were all alkaline and two 
of them had a tarry smell on the day of analysis. — 


Compared with the hourly samples of sewage, the chance samples of septic tank liquor 
show the following reduction in figures :— 








Calculated on :— Reduction. 

Total Nitrogen - ; : - : - - ie 5 Pas : - : : 35 per cent. 
“Oxygen absorbed” at once - - - - - - - . - : - 42 “ 
ae 4 in 4 hours < - - - - - - - - - 61 3 
Solids by centrifuge (vols.) — - - - - - - - - - 73) a OS “uae 





As a general rule, when a septic tank liquor is contrasted with a sewage in regard to 
the figures given by the “oxygen absorbed” from permanganate, the percentage 
reduction at once is about the same as that 7 4 hours. But in the Rochdale samples of 
septic tank liquor, both chance and hourly, the percentage reduction at once was only 
two-thirds of that in 4 hours. This appears to suggest that the Rochdale liquor contains 
a good deal of organic matter, probably from manufacturing refuse, which is somewhat 
slowly oxidized; the point however, requires further investigation. 





Bacteriological Notes.—Hight samples were examined bacteriologically. The B. coli 
and presumptive tests for B. coli, yielded positive results with from ‘0001 c.c. to 
00001 c.c. (10,000 to 100,000 per c.c.). Four of the samples yielded positive results 
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with the B. enteritidis sporogenes test with ‘01 cc. (100 per c.c.); the remaining four 


samples contained 10 spores of this anaerobe per c.c. 


990,000 microbes per c.c. (agar at 87°C.). 


Description of the 
Samples. 


3054. Rochdale septic 
tank liquor, 19/11/02. 


30894. Rochdale septic 
tank liquor, 13/1/03. 


498. Rochdale septic 
tank liquor, 17/3/03. 


684. Rochdale septic 
tank liquor, 17/5/04. 


687. Rochdale septic 
tank liquor, 18/5/04. 


692. Rochdale septic 
tank liquor, 19/5/04. 


3463. Rochdale septic 
tank liquor, 6/6/04. 


792. Rochdale septic 
tank liquor, 27/3/05. 


_ Number 


Size of each - 2 = 2 





B.S. =Bile-Salt Glucose 
Peptone Test. 
Number of B. Coli | N.R.=Neutral Red Broth 


(or gas-forming Test. 











Coli-like Microbes). In.=Indol Test. 
L.P.M.=Lactose Peptone 
Milk Test. 
100,000 100,000 B.S. 
(— indol) 10,000 not 100,000 N.R. 
(+ clot) 10,000 not 100,000 In. 
100,000 L.P.M. 
10,000 not 100,000) 10,000 not 100,000 N.R. 
(++ indol) 10,000 not 100,000 In. 
(+ clot) | 
100,000 10,000 not 100,000 B.S. 
(= indol) 10,000 not 100,000 N.R. 
(— clot) 10,000 not 100,000 In. 
100,000 100,000 N.R. 
(++ indol) 
(+ clot) 
10,000 not 100,000) 10,000 not 100,000 N.R. 
(+ indol) 
(+ clot) 
10,000 not 100,000) 10,000 not 100,000 N.R. 
(++ indol) 
(++ clot) 
100,000 100,000 B.S. 
(— indol) 10,000 not 100,000 N.R. 
(- clot) 
10,009 not 100,000; 10,000 not 100,000 B.S. 
(— indol) 10,000 not 100,000 N.R. 
(— clot) 


B. Enteritidis 
Sporogenes Test. 


10 not 100 


10 not 100 


100 not 1,000 


10 not 100 


10 not 100 


100 not 1,000 


100 not 1,000 


100 not 1,000 


PERCOLATING FILTERS. 


BN bebo? ati. 


Sample 3089 contained 


Remarks, 


“Gas” test + ‘1 
ec. (24 hours 
at 20° C’). 


Number of Bac- 
teria (agar at 
ot G:): 
990,000 per c.c. 


Area ofeach - 
Total area - 
Depth of material 


Cubic content of each 


Total cubic content 


Material - 


Construction.—On a concrete floor, which slopes in one direction, are laid perforated 
half pipes (18 inches diameter), raised on two courses of brick. 
upon these half-pipes, and for the first five feet, upwards, is held in position by wooden 
framing encircled by wire netting in the form of an octagon. 
the filters slope in considerably towards the centre, so that for the upper part no framing 
is required. In the centre of each filter a circular chamber (4 feet 6 inches in diameter), 
built in pigeon hole brick-work, is carried up from the concrete floor. 


48 feet diameter (octagonal). 

200 square yards. 

400 square yards. 

9 feet. 

600 cube yards. 

1,200 cube yards. 

Gas coke above 14 inches diameter. 


(Note :—Generally speaking, it is 
a fairly coarse material,averaging 
probably 8 inches or 4 inches in 
diameter). 


partly to allow of aeration and partly to carry the sprinkler. 


The material rests 


Above this the sides of 


Its purpose is 
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Distribution—On the top of the central chamber, a revolving sprinkler is 
fixed. This mechanism consists of four revolving arms constructed of iron pipes, per- 
forated at varying distances with holes of varying size, so as to ensure a uniform 
distribution over the whole surface of the filter. The septic tank liquor is withdrawn 


from one corner of the septic tank at a depth of two feet below the water level, through . 


a 5-inch pipe, and gravitates to a small wooden tank holding approximately 750 gallons. 
From this it is pumped by a 4inch pulsometer, which raises the liquor and forces it 
into the sprinkler arms, causing the latter to revolve. 


We understand that these now represent an old type of the Whittaker & Bryant 
sprinkler. The distribution they give, when worked in conjunction with a pulsometer, 
is very good, but in consequence of the running parts not being separated 
from the septic liquor flowing inside, a continuous leakage goes on at the pivot. 
The septic liquor, which has leaked out in this way, is collected again by 
a tray carried round the pivot and so taken back to the receiving tank; but this does 
not entirely do away with the defect, and splashes of tank liquor continually find their 
way into the filter effluent flowing over the concrete floor at the bottom of the central 
chamber. 


The steam used in the pulsometer passes into the septic liquor, and has the effect of 
raising the temperature of it some 5°F. In the first winter of the experiment, 
an additional jet of steam was forced into the septic liquor, in order to raise its tem- 
perature still more; but, as it was afterwards found that the filters worked quite well 
in winter time without this additional heating, it was ultimately stopped. 


Working.—ixcept for the two hours on two days a week when the effluent tank is 
being cleaned out, the filters receive septic tank liquor at a constant rate, continuously, 
day and night. 


Age of Filters—Both filters were first brought into use in September, 1899, and 
have not been altered in any way. 


Amount of Septie Tank Inquor treated by the Fulters.—The rate of filtration through 
the filters has varied slightly, as follows :— 


September Ist, 1899, to December 1st, 1899 
December Ist, 1899, to March 7th, 1901 400 _,, . . 
March 7th, 1901, to March 20th, 1901 - 900 __s=~" 3 te C5 
March 20th, 1901, to November 15th, 1908 - 400 - 
November 15th, 1908, to April 11th, 1905 450 sé“, . . 
April 11th, 1905, to September, 1905 - - 400 


500 gallons per square yard per day. | 


During the observations, the rates of filtration have been as follows :— 
November, 1902, to November 15th, 1903 


400 gallons per square yard per day, or 
133 gallons per cube yard per day. 
November 15th, 1903, to April 11th, 1905 - 4650 gallons per square yard per day, or 
150 gallons per cube yard per day. 
400 gallons per square yard per day, or 
133 gallons per cube yard per day. 


April 11th, 1905, to September, 1905 - 


The average quantities treated during the observations have been :—_ 
Per square yard per day - - - - - 424 gallons. 
5» cube if 3 - - - - - 141 i 


It will be seen that, on two occasions before the observations were begun, 
the rate of filtration was increased to 500 gallons per square yard per 24 hours. On both 
occasions, however, surface ponding took place in a short time, and the quality of the 
effluent fell off considerably. The Borough Surveyor concluded, therefore, that it was not 
advisable to work at this rate, and reverted to the old speed of 400 gallons per square 
yard per day. In view of this double experiment, we have not thought it necessary to 
ask the Authorities for permission to make any experiments with the flow, and have taken 
it for granted that it is not advisable to feed the filters with Rochdale septic liquor at a 
rate exceeding 400 gallons per square yard or 133 gallons per cube yard per day. The 
Borough Surveyor is of opinion, however, that the flow could be considerably increased 


during storms ; though no such increase has in fact been made, the volume treated being ~ 


practically constant. 


a 
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Unsetiled Effuents.-—In addition to the samples of settled effluent, to be sub- 


sequently described, five samples of unsettled effluent were examined, V1zZ.; 


3089s. 499, 3,464, 793 and 3,669. 


of the year, and three in dry weather, and two in wet or after wet weather. They 
gave the following figures :— 
Parts per 100,000. Average. et rae 

Ammoniacal Nitrogen - - - - (0°05 to 0°12 ap.) 0:08 (3) 
Albuminoid Nitrogen - - - - (0°13 and 0:06) (2) 
Total Organic Nitrogen - - - - - (0°36 and 0°14) (2) 
Oxidized Nitrogen - - ~ - - - (2:22 to 3°88) 2°76 ap. t (5) 
Total Nitrogen - - - - - (2°94 and 2°41) (2) 
“ Oxygen absorbed ” at 27°C. (G0°F. ) at once - - : - (0°23 to 0:96) 0-52 (5) 

£ 4 in4hours - - ~- (0-91 to 3:89) 2°56 (5) 
Dissolved Oxygen taken be in 24 hours at about 18°C. - (0°16 ap. to 0 66) 0:32 ap. (5) 
Incubator test (Scudder) - - - - practically, | * 5 passed (5) 
Incubator test (by smell) - - - - - - - - * 5 passed (5) 
Smell when drawn - - - - - - - - - - 5 good (5) 
Smell when analysed” - - - - - - - - - 5 good (5) 
Chlorine - - - - - : - - - - (7-96 to 10:00) 8°69 (3) 
Solids in suspension - - - - - (1°76 to 14:00) 7:39 (4) 
Solids by centrifuge (vols.) - - - - - - — - (25:0 to 141:0) 84:0 (4) 
Ratio of solids in suspension to centrifuge solids - - (1: 10-1 to 1: 14:3) 1:12°2 (4) 

c.c. per litre 

Oxygen in solution - - : sl pis ie lari - (4:3 to 66 ap.) 5-4 ap. (3) 





Nos. 


Four of these were drawn in the Olay i a 








Compared with the hourly and the chance samples of septic tank liquor, these effluents 
show the following reduction in figures :— 








On Septic Tank Liquor. 


Calculated on :--- 


$$$ Ort 


«“ Oxygen absorbed ” at once - - - 
in4hours - 


? 39 


Solids in suspension - : A : : 


Hourly Samptes. 





92 per cent. 
Sige a 
130, 


approximate 





Chance Samples. 


92 per cent. reduction 
86 ” ” 
Mota: 


approximate 


As these unsettled effluents were—excepting for the quantity of suspended solids 
present in them—the same in character as the settled effluents dealt with later, nothing 
more need be said here than that they were in all other respects of the same high class. 


Since, however, three of them were drawn at times corresponding to three of the 
settled effluents, a few of the comparative average figures of analysis may be given :— 





“Oxygen absorbed” at once at 27°C. - - 
in 4 hours - - 


” 2” 


Dissolved Oxygen sor ap. in oe hours at 
about 18°C. - - 


Solids by centrifuge (vols.) - - : 


* That No. 3,669 would withstand incubation was inferred. 





Unsettled Effluents. 


Nos. 30898, 3464, 793. 


0°62 


2°55 


0°35 
97:0 





Settled EStuents. 
Nos. 3089c, 3465, 794. 


0°46 
1:56 
0-31 
54:0 


ft Ap. approximately. 


t Taking the average for the suspended solids in the effluents at 3:5 parts, calculated from the centrifuge 


Heures. 


°s Taking the suspended solids in the chance samples of septic tank liquor at 6°5 pavts, calculated from the 


centrifuge “figures. 
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In the above cases, therefore, the settlement of the solids effected at the works was 
only about 45 per cent. The comparatively low figures obtained for the absorption 
of dissolved oxygen in 24 hours are evidence that those solids are not of a readily 
putrescible character, 7.¢., that the septic tank hquor has been well oxidized in its 
passage through the filters. 


EFFLUENT SETTLING TANK. , 


Boos 
Bose nts 


Number - - - - 1. 

Size - - - - - 23 feet 3 inches by 21 feet 6 inches. 
Depth of water - - - 3 feet 3 inches. 

Capacity - - - - 10,150 gallons. 


Construction.—The effluent settling tank is{constructed of brick and cement walls with 
a concrete bottom. It is covered over by boarding, in order to prevent the deposited 
sediment from fermenting and rising up through the liquid during hot weather. 


The filter effluent flows into it over a long sill, extending the whole width of the. 
tank, being delivered in a downward direction by means of a deep scum-board dipping 
down to within one foot of the bottom, close to the inlet sill: The effluent issues 
from the tank over another long sill extending the whole width of the tank, which 
is protected by a shallow scum-board. Otherwise the tank is of simple construction. 


Flow through.—With the normal flow of 160,000 gallons per 24 hours, the flow 
through this tank would be once in 1°52 hours, at the rate of 3°05 inches per minute. 


Working.—Except at those times when it is necessary to remove the matter which 
has settled in the tank, the flow is a continuous one. 


Sludging.—The suspended matter from the filter effluent which settles in this tank is 
removed twice a week, the operation taking about two hours. It is carried out by first 
allowing the supernatant liquid to run off through a valve, situated 1 foot 9 inches from 
the bottom of the tank near the outlet end, and then pumping the remaining mixture - 
of effluent and suspended matter back to the septic tank. No nuisance arises from 
the operation. 

Lffiuents. . 

Setiled Efiuents—Hourly Samples.—Three sets of hourly samples and eight chance 
samples were examined chemically. The hourly sets, Nos. 685, 688 and 693, which 
were of course drawn at the same time as the other hourly samples at Rochdale and, 
like the septic tank liquor, in equal fractions every hour, gave the following figures on 
analysis :—At this time the filters were treating 150 gallons of septic tank liquor per 
cube yard per 24 hours. 

















Parts per 100,000. | Average, | Number of 

Ammoniacal Nitrogen -  - - - - + = = (018t0073)| 047 | @) 
Albaminoid Nitnogenae. 4q ¢tiinscuss alt ap tte beeen LO, Cone 0°13 (3) 
Total Organic Nitrogen - - - - - - = = (0°48 to 0°53) 0°50 (3) 
Oxidized Nitrogen - - + -  -. - + - +. - (1°81 to 2°63) 2°18 (3) 
Total Nitrogen “"-"7 "=" ° SS Sta ee 2 ter 8°04 tr 3°34) 3°15 (3) 
‘Oxygen absorbed” at 27° C. (80° F.) at once - - = (0°41 to 0°66) 0°50 (3) 

a if Hy r in4 hours -— - - (1:53 to 1:87) 1°68 (3) 
Incubator test (Scudder) : . - - - - - - - - 3 passed (3) 
Incubator test (by smell) - - - - fawn ls : = : -| 3 passed (3) 
Smell when drawn -_— - ren ee ene epee Poe ee oe Ba PZ 3 good (3) 
Smell when analysed S - ; - - - - - - - 3 good (3) 
Chlorine STi) Ice guise eee (10:96 to 11:46) 11:24 (3) 
Solids in suspension -' > - - (2:3 and 2:0) (2) 
Solids by centrifuge (vols.) - - - -  -°* - = (27:0 to 30°6) 27:0 (3) 


(1 : 126 and 1 : 13°5) (2) 





Ratio of solids in suspension to centrifuge solids 
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In appearance the above effluents—apart. from suspended matter—were clear, with a 
slight brownish tint. The suspended solids were very flocculent in character, so much 
so that their quantity appeared greater than it really was (2 to 2°5 parts per 100,000). 
All the samples had a clean smell, both when drawn and when analysed, and they all 
readily withstood incubation. They were fairly uniform in composition throughout. 
It will be noted that two thirds of the nitrogen present was in the form of nitrate (with 
almost no nitrite). The total organic nitrogen, relatively to the albuminoid nitrogen, was 
distinctly high, no doubt from the character of some of the organic trade refuse present 
in the sewage. The figures for ‘‘ oxygen absorbed” from permanganate were fairly low, 

As will be seen from the percentage reduction figures, given below, the reduction on 
the hourly samples of septic tank liquor was very good, though, as in the case of 
percolating filter effluents generally, the actual loss of nitrogen was moderate. ‘The 
above effluents were thus of very good quality, and they were comparatively free 
from suspended solids. 

Compared with the hourly samples of septic tank liquor and of sewage,* these 
effluents show the following reduction in figures — 


Calculated on :— Septic Tank Liquor. Sewage. 

Total Nitrogen - - - - - 4, Qn "87 per cent. reduction. — "63 per cent. reduction. — 
Albuminoid Nitrogen - - . - Sol ‘ ry, 81 ¥, ” 
Total Organic Nitrogen. - - - - -| 61. ,, +4 | 53. % 
“Oxygen absorbed ” at once - enn? ery | OF 5 , 94 . »3 

3 5 in 4 hours - - - -| 83 - me 94 ee pi 
Solids in suspension = - - = 2 i : - |. 59 - approx. 94 approx. 
Solids by centrifuge (vols.) - _ - - : -{ 9 3 “5 91 9 r 





Settled Hfluents-—Chance Samples.—Hight chance samples of settled effluent, Nos. 
3055, 3089c, 3169, 3318, 3405n, 3465, 794, and 3670, were examined chemically. Two 
of them were drawn in the summer, but the other six in the cooler months of the year ; 
and, again, two were drawn after wet, and the other six in dry weather. They gave the 
following results :— 


i Parts per 100,000. Averages) pe 

Ammoniacal Nitrogen -  -  - = - = ~~ (0-05 toO1L approx.) |  O008ap. | (3) 
| Albuminoid Nitrogen - -~— - - 2 = + (011 and 0°06) aa (2) 
Oxidized Nitrogen Y al oad : (1:80 approx. to 3°58) 246 ap. | (8) 
“Oxygen absorbed” at 27° C. (80° F.) at once = =~ (0-22 to 0°66) 0-41 (8) 
” ” 9 : » in 4 hours - - (0°95 to 2°42) 1-46 (8) 
Dissolved Oxygen taken up in 24 hrs. at about 18° C. (0°11 approx. to 0°61) 0:29 ap. ~ (8) 
Incubator test(Seudder) = - - - - - - - - (t{f sone ee (8) 
ee eel) LE SG SR eaeioe to  - + 8 passed (8) 
Smell when drawn syiieae)t Le ee ee O 8 good (8) 
Smell when analysed - -~— - SU? AE Se ST OM RE Dt oe Se 8 good (8) 
ee me | mein (7-94, t0,10-06) 9-03 (4) 
Solids in suspension - - - - = =. = (2°60 to 6-70) 4°50 (3) 
Solids by centrifuge (vols.) -  . --- - - --~- (22:0 to 81:0) . 45-0 (7) 
Ratio of solids in suspension to centrifuge solids - (1:12-1 to 1: 16:0) 1:13°5 (3) 





c.c. per litre 
Oxygen in solution ha F 12 gy r - (1°6 to 5°8 approx.) 4-2 ap. (6) 


* This comparison with the sewage is not strictly correct, the sewage having been drawn according to rate 


of flow, while the effluents were taken in equal quantities every hour. 
+ In one case it was assumed that the sample would withstand incubation, 
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In appearance and character these chance samples of effluent, as settled at the works, 
were the same as the hourly samples, @.¢., the liquid was clear and almost colourless — 
(slightly brownish in tint), and the suspended matter was brown and very flocculent. They 
all had a perfectly clean smell, both when drawn and when analysed, took up very little 
dissolved oxygen from water in 24 hours, were fairly well erated on the day of analysis, 
well nitrated, and readily withstood incubation. The average figure for “ oxygen 
absorbed” from permanganate was 1°46 as against 1°68 in the hourly samples. Speak- 
ing generally, they were, for chance samples, of very even composition. In only one 
respect were these effluents at fault—they were not so well settled as they might have 
been. Judging from the centrifuge figures, the suspended solids in them averaged 
between 8 and 4 parts per 100,000, the highest figure obtained being 6°7 parts. One 
point is worthy of note here, viz., that in the case of samples Nos. 3,465 and 3,670, 
which were drawn within a few hours of the cleaning of the tank used for settling the 
suspended solids from the effluents, the settlement was not so good as the average. 
We think that the general conclusion to be drawn here is—that the settlement of 
effluent solids, on the system practised at Rochdale, can never be thorough, however 
clean the tank may be. Apart from the question of suspended matter, the effluents were 
of high class, and the purification of the septic tank liquor by the percolating filters 
was very satisfactory. 


A few more comparative figures may be given in respect to six of the foregoing 
effluents, which were examined (@) with their contained suspended matter, and (6) after 
filtration through paper (4 samples) or settlement for two hours in the laboratory 
(2 samples). The numbers of these samples were :— . 





Unsettled - - < - - Nos. 3,464, 793, and 3,669. 
Settled - - - 2 : - Nos. 3,465, 794, and 3,670. 
In every case the average of the six figures obtained is given. 
Parts per 100,000. (a) (3) 
“Oxygen absorbed” af once at 27°C. - - - - = += = = 0°57 0°30 
be x in4 hours ,, : - - . - - - - 2:18 0°63 
Dissolved Oxygen taken up in 24 hours at 18°C. - - = | dine eel 0:38 0-11 
Solids by centrifuge (vols.)  - - - - = : : : : 85:0 40 
Equal to suspended solids — - - - : - - - - - - | 6 to 7 parts 


Here the difference in the figures obtained for the absorption of dissolved oxygen, 
and still more for the absorption of oxygen from permaganate, is very striking. 


The absorption of dissolved oxygen by No. 3669 (unsettled) and No. 3670 (settled) was 
also determined for one and five days, both in the original and the paper-filtered samples, 
with the following results :— 











No. 3669. No. 3670. 
Parts per 100,000. Dissolved Oxygen Dissolved Oxygen 
Solids by taken up in Solids by taken up in 
Centrifuge. Centrifuge. ily dee 
24 hours. | 5 days. 24 hours. | 5 days. 
Original sample - - - - 103:0 0:37 1°67 52:0 0:20 0°85 
Paper-filtered sample - - — 0:08 0:09 — 0:03 0:32 


In the original effluents containing suspended solids (roughly, about 8 parts in No. 3669 
and 4 parts in No. 3670), the absorption of dissolved oxygen appears to have proceeded at 
practically the same rate for the five days, and not at an increased rate, a sign both of 
a good effluent and of well oxidised solids. In the filtered effluents the absorption 
of dissolved oxygen, even in five days, was very small—a further striking proof of the 
high degree of purity of the liquid portion of the Rochdale percolating filter effluents. 


f 
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Bacteriological Notes.—Fifteen samples were examined bacteriologically. The results 
varied a good deal, but the best effluents yielded very good results. A considerable 
proportion of the samples yielded positive results with from ‘01 c¢.c. to ‘001 ¢.c. (100 to 
1,000 per c.c.) with the B. coli and presumptive tests for B. coli. Sample 3,0898 
contained 27,000 microbes per c.c. As compared with sample 3,089a, this means a 
reduction of 97 per cent. The B. enteritidis sporogenes results were relatively less 
satisfactory. This has also been observed in connection with some percolating filters 
at other places. 
































B.S.=Bile salt glucose 
peptone test. 
Dadcrinti Number of B. coli| N.R.=Neutral red broth | B. enteritidis 
escription of the £ F : R k 
Samples. (or gas-forming est. sporogenes emarks. 
coli-like microbes). In. =Indol test. test. 
L.P.M. = Lactose peptoue 
milk test. 
3,055. Rochdale Efflu- | 1,000 not 10,000 | 10,000 not 100,000 B.S. | 100 not 1,000 “Gas” test + 1 
ent, 19/11/02 (— indol) 10,000 not 100,000 N.R. c.c. (24 hours 
(settled) (+ clot, 100 not 1,000 In. at 20° C) 
1,000 not 10,000 L.P.M. 
3,089B. Rochdale Efflu- 100 not 1,000 | Less than 100 N.R. 10 not 100 Number of bac- 
ent, 13/1/03 (un- (+ indol) 100 not 1,000 In. teria 27,000 
settled) (— clot) (agar at 37° C.) 
499. Rochdale Effluent, 100 not 1,000 | 100 not 1,000 B.S. 100 not 1,000 
17/3/03 (unsettled) (+ indol) 100 not 1,000 N.R. 
(+ clot) 100 not 1,000 In. 
3,169. Rochdale Efflu- — 100 not 1,000 N.R. 10 not 100 
ent, 17/6/03 
(settled) | 
3,318. Rochdale Efflu- 10 not 100 10 not 100 N.R. 1 not 10 
ent, 23/11/03 (— indol) 
(settled) (— clot) 
83,4058. Rochdale Efflu- = Negative 100 N.R. 10 not 100 
ent, 25/2/04 
(settled) 
685. Rochdale Effluent, 100 not 1,000 | 100 not 1,000 N.R. 10 not 100 
17/5/04 (settled) (— indol) 
(— clot) 
686. Rochdale Effluent, |10,000 not 100,000) 10,000 not 100,000 N.R. | 1,000 not 10,000 
18/5/04 (settled) (-- indol) 
| (+ clot) 
690. Rochdale Effluent, 100,000 100,000 N.R. 1,000 not 10,000 
19/5/04 (settled) (— indol) 
(-— clot) 
693. Rochdale Effluent, | 1,000 not 10,000 | 1,000 not 10,000 N.R. 10 not 100 
19/5/04 (settled) (+ indol) 
(+ clot) 
694. Rochdale Effluent, |10,000 not 100,000) 10,000 not 100,000 N.R. | 10 not 100 
19/5/04 (unsettled) (— indol) 
(— clot) 
3,464. Rochdale Efflu- | 1,000 not 10,000 | 1,000 not 10,000 B.S. 100 not 1,000 
ent, 6/6/04 (un- (— indol) 100 not 1,000 N.R. 
settled) (— clot) 
3,465. Rochdale Efflu- | 1,000 not 10,000 | 1,000 not 10,000 B.S. 10 not 100 
ent, 6/6/04 (— indol) 100 not 1,000 N.R. 
(settled) (— clot) 
793. Rochdale Effluent, 100 net 1,000 | 100 not 1,000 B.S. 100 not 1,000 
27/3/05 (unsettled) (++ indol) 1,000 not 10,000 N.R. 
(+ clot) 
794. Rochdale Effluent, 100 not 1,000 | Negative 100 B.S. 100 not 1,000 
27/305 (settled) (— indol) 100 not 1,000 N.R. 








(— clot) 
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Effect of the Temperature upon the working of the Percolating Filters.—The 
temperatures of the atmosphere, of the septic liquor, and of the filter effluent have 
been taken by the Authorities four times a day since the installation commenced 
working in September, 1899. The averages of these temperatures over a period of two 
of the years included in our observations are as follows :— 





Degrees. 
Le C. 
Septic tank liquor as leaving tank -  - 3 == - >) | OBB 13-2 
Septic tank liquor as falling from the sprinklers after pumping - -_— - |, 60°8 16:0 
Percolating filter effluent as leaving filters - - -; - - - - 55°8 13°2 
Average maximum air temperature ALOE se abr Bien Cabs, © eae eae 55°2 12:9 
Average minimum airtemperature- - - - - - - - -| 442 i GS 





During the two years mentioned above, the highest and lower temperatures were 
as follows :— 


odie | Highest. | Lowest. 

Septic tank liquor - - - - - + - + + + =| 66°F. June /02| 42°F. Dec. 6 /04 
Filter effluent agree tert WO Beal <3 - + eee | TF. July /02 | 40°F. Dec. 6 /04 
Atmosphere - . Pee - = me - ait: - ++ | 92°F. Fuly. /02 | 16°F. Dec. 6 /04 


GENERAL PROCESS. 


Chemical precipitation and continuous flow subsidence, followed by treatment either 
upon land or upon double contact beds. 


“ROUGHING”* TANKS. 


Number - - - - - - - 2. 

Size of each - - - - - : - 80 feet by 35 feet. 
Working depth of water - - - ~ 6 feet. 

Capacity of each - - - - - - 105,000 gallons. 
Total capacity  - - - - - - 210,000 gallons. 


Construction.— The roughing tanks are constructed of brick and cement walls, with a 
concrete and paved brick bottom. They are fitted with floating arms and have one 
main sludge channel down the centre of each tank, which delivers to a sludge culvert 
below. The precipitated sewage, as it enters the tank through a wide penstock, is 
given a downward motion by means of a deep scum-board near the inlet end. It issues 
at the outlet end through an unprotected penstock. 

Working.—The roughing tanks are used separately, each in turn receiving the whole 
flow, while the other is being sludged. Each tank is sludged once in from 
five to seven days. 

Sludging.—Having removed the supernatant liquor by means of the floating arm, the 
sludge remaining at the bottom of the tank is' pushed with squeegees through the 
sludge valve to the sludge culvert. From there it gravitates to a sludge sump, and is 
then lifted to the high level sludge tank. It is dealt with in the same way as the 
sludge from the other tanks, as described in a later part of this Report. 


PRECIPITATION TANKS. 


Number - - - - - - 5. 
Size of each” - - - - - 160 feet by 40 feet. 
Working depth of water - - - 5 feet. 
Capacity of each - - - - 200,000 gallons. 
Total capacity - - - - 1,000,000 _,, 
Total capacity of roughing tanks ana 

precipitation tanks together - - 1,210,000 _,, 


* The first two precipitation tanks at Rochdale are called “‘ Roughing ” tanks. 
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Construction.—The precipitation tanks are constructed of brick and cement walls, with 
a paved-brick bottom resting upon concrete. They are fitted with floating arms for the 
purpose of drawing off the supernatant liquid when sludging, and have also two shallow 
scum-boards, placed so as to divide each tank into three equal parts. 


At each end of the tanks there is a wide channel, extending the whole width of the 
six tanks, by which the sewage enters and leaves each tank through unprotected pen- 
stocks ; and, by an arrangement of penstocks in the channels, any one or more tanks 
may be thrown out of work, without interfering with the remainder. A special feature 
of the penstock arrangement at Rochdale is that, by raising by one foot the level of all 
the penstocks together (they are on the weir principle), the total tank capacity of the 
works can be increased by 275,000 gallons. 


Precipitants.—The precipitants used are alumino-ferric and brown oil of vitriol, the 
latter being added on several days of the week to neutralise the alkali sent down by the 
wool-scourers. ‘The sewage also receives a sinall amount of lime in the form of press- 
water. 


The alumino-ferric is added in cages placed across the inlet channel between the grit- 
chamber and the roughing-tank, the sulphuric acid being dripped in from carboys sub- 
sequently ; and the whole sewage is then mixed by moving mixers, driven by steam, as 
it flows along the channel to the roughing tank. 

The following are the amounts of precipitant used during the years of observation :— 

For the 12 months ending 31st March, 1904 - Alumino-ferric, 202 tons. 
: 7 » - Vitriol, 159 tons. 
- * # 3 1905 - Alumino-ferric, 188 tons. 
- Vitriol, 93 tons. 


On the basis of the dry-weather flow, these quantities work out to an average of 
73 grains of alumino-ferric and 4°7 grains of vitriol, per gallon of sewage. 


bP) 39 9) 9 9 


Working.—The precipitation tanks are used in series, the sewage flowing first through 
the roughing-tank and then through the five precipitation tanks. Asa rule, one rough- 
ing tank and five precipitation tanks are in use at one time ‘The precipitation 
tanks are used in the regular order of 2,3,4,5and6. Tanks Nos. 2,3 and 4 are 
cleaned out every three to four weeks, and tanks Nos. 5 and 6 every five or six weeks. 


Flow Through.—On the basis of an average daily flow of 1,992,000 gallons per 24 
hours, the flow through the roughing tank and the five precipitation tanks generally in 
use would be once in 14°57 hours, at the rate of 12°07 inches per minute. 


Sludging.—When it becomes necessary to remove the sludge from any one tank, this 
is cut out of the series, and after the supernatant liquor has been removed by means of 
a floating arm, the residual sludge is pushed with squeegees to the sludge culvert. 
The sludge culvert, common to all the tanks, carries it to the sludge sump, and from 
there it is lifted some 28 feet into an elevated sludge tank which commands the sludge 
mixer. | 


After a short period of settlement in this tank, given so as to allow of the separation 
of a further quantity of liquid, the sludge is passed into a mixer where a proportion of 
lime, equal to about 5 per cent. of the weight of pressed cake, is mixed with it, and the 
whole is then forced under pressure into one of the four presses in the press- 
house. As has been said previously, the press-water passes back into the main inlet 
channel, in front of the moving mixers. 


The sludge from the three precipitation tanks used for the precipitation of the sewage 
collected in the Sudden Valley part of the Borough is also dealt with here, the two 
sludges being mixed in the elevated tank. 


The amount of lime used for the pressing of both the precipitation and septic tank 
sludges, during the years ending 31st March, 1904 and 1905, was as follows :— 


For the 12 months ending 81st March, 1904 : - 160 tons. 
Do. 1905 : - 155 _,, 
The amount of sludge cake produced was :— 
For the 12 months ending 31st March, 1904 - - 3,380 tons. 


Do. 1905 a = 89,200 
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The greater portion of the pressed cake is taken by local farmers, who are paid 
sixpence a load of not less than one ton ; the remainder is sold, carriage paid, to farmers 
in other agricultural districts. The average cost of disposal is sevenpence a ton. 


Precipitation Liquor.—Hourly Samples.—-Three sets of hourly samples and four chance 
samples were examined chemically. The three hourly sets, Nos. 683, 688 and 691, were 
drawn in May, 1904, according to the rate of flow of sewage, at the same time and under 
the same conditions of weather as the hourly samples of sewage. They gave the 
following results on analysis :—- 


Parts per 100,000. | Average. a pace a, 

Ammoniacal Nitrogen - - - - . - . (3°68 to 4°50) 4:20 (3) 
Albuminoid Nitrogen OT i eV Hie ee gp AOD MO MO TS) 0-66 (3) 
Total Organic Nitrogen’ - - - - - - - (0°80 to 1:19) 0:94 (3) 
Oxidized Nitrogen . ee ee S| vi tee - - - 0-0 (3) 
Total Nitrogen- - - - - - + ~3 «= (485 to 5394) 5:14 (3) 
“Oxygen absorbed” at 27° C. (80° F.) at once - - - (6:11 to 6°95) 640 (3) 

¥ i % ¥ in4hours - - (12.68 to 13:49) 13:17 (3) 
Chlorine equ S5i- oiiel=timstlA - - SORE > = “(11:70 10:18:98) 13°18 (3) 
Solids in suspension <—-°/> Sie ES 3 e  TS tO Bea) 7:80 (3) 
Solids by centrifuge (vols.) - - - - - (20:0 to 26-0) 220 (3) 
Ratio of solids in suspension to centrifuge solids — - - (1:25 to 1232) | slew (3) 


The above hourly samples of precipitation liquor were very uniform in composition. 
In appearance they were turbid, and they contained considerable amounts of finely 
divided (but, judging from the centrifuge figures, not very flocculent) suspended 
matter, were alkaline in reaction, and had a soapy smell. It will be seen that the 
precipitation effected was only moderate, the 37 parts of suspended solids in 
the sewage being reduced to 78 parts in the precipitation liquor. Compared with the 
hourly samples of sewage, we get the following reduction in figures :— 


Calculated on :— Reduction. © 


Total Nitrogen” - - - - - - - - - - - - 34 per cent. 
Albuminoid Nitrogen »=4\fv' tour ie ls borety i seid oth Uh fel See ae 
‘Total Organic Nitroges - - - - - - - - - = 2 Fe - 64 —C,, 
“Oxygen absorbed ” at once - : - _ - - - - - - - 55 *}, 

. E m4 hours - - - : - - - - - - - 50503; 
Solids in Suspension - - - - - - - - - - - - - 19 tse 
Solids by Centrifuge (vols.) - - - oF Rar ee ae Soca: 





Chance Samples.—Of the four chance samples of precipitation liquor examined, 
Nos. 3,171, 3,316, 3,406 and 791, three were drawn in the colder months of the year. 
Two of them were taken in dry weather, and the other two in dry weather following 
wet. The two drawn in dry weather had almost the same composition as the hourly 
samples, judged by the “oxygen absorbed ” test, while the other two were only about 
half as strong. 
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The following figures were obtained :— 








Parts per 100,000, Average, | Number of 
oval Nitrogen ~~ 2-). '- 0 Seis te 8 ew i (218'to 4-96) 3°48 (3) 
“ Oxygen absorbed” at 27° C. (80° F.) atonce - - - (270 to 5:07) 4:03 (4) 

9 ” 99 “ in4 hours - - (588 to 13:07) 9°69 (4) 
Chlorine - = - . y : “ : 3 - (7-08 and 10.46) — (2) 
Bedsieusponsionee 6 = FI. eM (3°5 and 8°5) = (2) 
Solids by centrifuge (vols.) she = ~~ «= (8002106370) 34:0 (4) 
Ratio of solids in suspension to centrifuge solids . (1: 9-4 and 1: 42) — (2) 














The above chance samples of precipitation liquor were therefore, as a whole, only 
about two-thirds as strong as the hourly samples. Two of them were noted as having a 
tarry smell, while No. 3,316, a dilute sample, had very little smell at all; this last is an 
indication of the entrance of subsoil water containing nitrate. The suspended solids 
were finely divided ; if we are to judge by the centrifuge figures, they were present in 
greater quantities here than in the hourly samples, but the suspended matter in the 
Rochdale sewage appears to-vary much in regard to flocculency, hence it would be 
unsafe to draw any conclusions on the point from those few samples. Sometimes acid 
is used in precipitation and sometimes not. 


Bacteriological Notes.—Seven samples were examined bacteriologically. Generally 
speaking, the B. coli and presumptive tests for B. coli yielded positive results with from 
‘001 c.c. to 0001 ¢.c. (1,000 to 10,000 per c.c.). As regards the B. enteritidis sporogenes 
test, two samples contained 1, two samples 10, and three samples 100 spores of this 
anaerobe per ¢.c. 





B.S.=Bile salt glucose 
peptone test. 


Description of the Number of B. coli | N.R.—Neutral red broth| 8B. Enteritidis 

















or gas-formin test. Sporogenes Remarks, 
Samples. ool ike Rider. In. =Indol test. ca 
L.P.M.=Lactose peptone 
milk test. 
3,171. Rochdale Pre- a 1,000 not 10,000 N.R. 1 not 10 
cipitation liquor, 
17/6/03 


3,316. Rochdale Pre- | 1,000 not 10,000 | 1,000 not 10,000 N.R. | 100 not 1,000 
cipitation liquor, (-— indol) 


23/11/03 (— clot) 
3,406. Rochdale Pre- | 1,000 not 10,000 | 1,000 not 10,000 N.R. 1 not 10 


cipitation liquor, (— indol) 


25/2/04 (+ clot) 


683. Rochdale Precipi- |10,000 not 100,000) 10,000 not 100,000 N.R.| 10 not 100 
tation liquor, 17/5/04 (+ indol) 


(+ clot) 


688. Rochdale Precipi- {10,000 not 100,000! 10,000 not 100,000 N.R. | 10 not 100 
tation liquor, 18/5/04 (— indol) 


(— clot) 

691. Rochdale Precipi- 100,000 100,000 N.R. 100 not 1,000 
tation liquor, 19/5/04 (— indol) 
(— clot) 


791. Rochdale Precipi- | 1,000 not 10,000 | 1,000 not 10,000 B.S. 100 not 1,000 
tation liquor, 27/3/05 (- eh 10,000 not 100,000 N.R. 
( — clot 
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LAND AND CONTACT BED TREATMENT. 


The precipitation liquors from both the Roch Valley and the Sudden Valley sewages 
are mixed together and treated either upon contact beds or upon land. Our obser- 
vations have not extended to this part of the process, and we have taken no samples ; 
but it may be stated that the greater part of the precipitation liquors in the day 
hours are treated upon the double contact beds, and the night precipitation liquors 
by intermittent downward filtration through land. 


There are eleven contact beds, having a total area of 53 acres (the land for which had 
previously been used for filtration), the primary beds being composed of clinker and 
ashes (4 inches to 1 inch diameter) 2 feet 9 inches deep, and the secondary beds of 
clinker (1 inch to a 4-inch diameter) 3 feet 3 inches deep. The material is not graded. 


All the contact beds are constructed by simple excavation. They are fed without 
distribution from a V-shaped sill. 


On the average each primary bed is filled twice. a day, and givesa contact of 4 hours. 
The beds were all completed in 1908. 


The total area of land is 91 acres, of which 41 are available as laud filtration plots 
for the treatment of precipitation liquor. Three additionai plots, having an area of 
10 acres, are used for the treatment of crude sewage on Saturdays and Sundays, when 
trade refuse is practically absent from the sewage. 


In general, the land is of an alluvial character, being mostly loam and gravel ; but 
on the north side of the valley, where it begins to rise up from the flat, the soil is 
composed of stiff boulder clay. It is underdrained throughout, at the depth of 4 feet 
6 inches, by 6-inch and 4-inch diameter socketted pipes, laid 10 yards apart. The 
main drains which carry the land effluent into the river Roch at 8 outlets consist 
also of socketted pipes. These vary from 9 inches to 18 inches in diameter, 


SUMMARY. 


The Roch Valley sewage at Rochdale is very strong, especially in oxidizable matter, 
as measured by the “oxygen absorbed” test, its strength being no doubt largely due to the 
wool-scouring and fellmongers’ refuse which it contains. The water supply is only 
18 gallons per head of the population, but, on the other hand, an appreciable quantity 
of subsoil water is known to enter the sewers. 


The detritus tank is comparatively small, and removes only a small proportion of the 
grit from the sewage. It should, however, be borne in mind that where sewage is 
‘precipitated and the resulting sludge is pressed, as at Rochdale, the presence of grit 
appears to facilitate the pressing. Hence it is advisable in such cases not to carry the 
preliminary grit settlement too far. 


At Rochdale various points of interest in connection with septic tanks have been 
arrived at independently by the Authorities, as the result of direct experiment, @.g.:—(1) 
That a strong and very alkaline sewage, whose chemical precipitation is an expensive 
process, is amenable to direct preliminary treatment in a septic tank, and that, with a 24 
hours flow, the suspended solids in the tank liquor can be kept down toa reasonable figure, 
provided that the tank is sludged at intervals of from four to six months. (2) That 
the septic-tank sludge, however, is much more difficult to press than the precipitation 
sludge, and requires the addition of double the quantity of lime: by mixing the two 
sludges together, the pressing of the septic-tank sludge is much facilitated. (8) That 
there is a saving in sludge production of about 30 per cent. in the septic-tank process, 
as compared with the chemical precipitation process, and therefore also some saving 
of expense in pressing. 

.Another point of interest at Rochdale is that, when a septic tank is about to be 
sludged, the supernatant liquid from it is pumped into the alternative tank which is 
used in its place. In this way the “septic” process goes on without interruption. 


Our own observations show that the settlement of suspended matter by the septic 
tank is good, with the tank worked in the manner just described, The hourly samples of 
septic-tank liquor examined contained an average of 5°3 parts, and four of the chance 
samples an average of 8°6 parts, of suspended solids per 100,000. Like the sewage itself, 
the tank liquor is organically strong ; comparing the hourly samples of both, we find that 
the reduction in organic nitrogen effected by the septic tank was 51 per cent., and the 
reduction in oxidizable matter, as measured by the 4-hours “oxygen absorbed” test, 
59 per cent. Of course, the conditions of working the septic tank at Rochdale are 


467 


very favourable, the flow through the tank being a constant one, whatever the volume 
and rate of the total flow of sewage may be. 


The greater part of the sewage at Rochdale is precipitated by chemicals, but 
the precipitation effected is only moderate; the hourly samples of precipitation 
liquor showed 7°8 parts of suspended solids, as against 87 parts in the sewage. To 
bring about this reduction of about eighty per cent., some 12 grains per gallon of mixed 
precipitant have to be used, the solids being of a greasy and flocculent character. In 
other words, the sewage is a difficult one to clarify. 


The average figures for total nitrogen in the hourly samples of precipitation liquor and 
of septic-tank liquor were almost the same, but the oxidizable matter—as measured by 
the 4 hours’ “ oxygen absorbed”’ test—was somewhat greater in the precipitation liquor. 
The general results of our analyses, however, taken along with the figures obtained for 
the absorption of dissolved oxygen by sewage liquids from other places, lead us to 
infer that the two liquors at Rochdale are of approximately the same organic strength, 
2.¢€., that they would require about equal quantities of oxygen for their oxidation ; 
possibly the precipitation liquor is rather the stronger of the two. 


The Whittaker-Bryant filters at Rochdale were intended to be experimental. 
The construction is simple and comparatively inexpensive, and, though the wooden 
framework by which the material is kept in position is necessarily less durahkle than 
brick, it would; on the other hand, probably prove more convenient, if a filter had to be 
dismantled for the purpose of washing or renewing the filtering material The raising 
of the coke from the.floor by means of a false bottom appears to be beneficial, by pre- 
venting any accumulation of sludge at the bottom of the filter, and thereby obviating 
the chance of any interference with the aeration of the filter and with the free 
passage of the liquid through it. 


The large coke of which the filters are composed (over 14 inches in size) does not 
appear to have disintegrated during the six years it has been in use, excepting where it 
has been trodden upon. Judging, too, from the quality of the effluent and from the fact 
that the filters have shown no serious signs of clogging, the size of the material is evidently 
well adapted for the purification of the tank liquor which it is called upon to treat. 


The distribution of the tank liquor on to the filter is, generally speaking, very good, 
but as before remarked there is some leakage at the pivot. The arms of the sprinkler 
require to be cleaned out once a day, but this only takes afew minutes. The throb of the 
pulsometer undoubtedly tends to prevent choking of the holes in the sprinkler arms, 
and the raising of the temperature of the tank liquor by about 5°F. is of course a 
material advantage. As against this, however, the expense of the pumping and the 
steam has to be placed. 


The average volume of the strong septic tank liquor treated during the observations 
(November, 1902 to September, 1905) was 424 gallons per square yard, or 141 gallons 
per cube yard per 24 hours. It was found by the Borough Surveyor that, when the 
volume was increased to 500 gallons per square yard, or 167 gallons per cube yard, 
the filters showed signs of ponding and the effluent fell off considerably in quality. 


Apart from the suspended solids which they contained, the effluents were of high class, 
chemically speaking, the purification of the septic-tank liquor being very satisfactory. 
Bacteriologically, too, they showed a high percentage degree of purification—a note- 
worthy point, in view of the large size of the filtering material. The settlement of the 
solids in the effluent tank, through which there was a flow of once in two hours, was 
not at all times of the day very good. Although the hourly samples of settled effluent 
contained only about 2 parts, the chance samples had an average of 45 parts of 
suspended solids, as against 7°4 in the unsettled chance samples. Those solids beiag 
by themselves putrescible, though not very readily so, they might give rise to a 
nuisance if allowed to accumulate in the sluggish reaches of a stream. 


Considerable smell arises during the sludging of both the precipitation and the septic 
tanks, and also in some degree from the sprinkling of the septic-tank liquor on to the 
filters. This is, cf course, to be expected, when the nature of the sewage and the 
size of the tanks are taken into account. 


No observations were made on the treatment by contact beds or by land, as this did 
not come into our scheme of work. 


We cannot conclude this report without expressing our thanks to Mr. S. 8. Platt, the 
Borough Surveyor, for the assistance which he gave us in our observations at Rochdale, 
- and we are also much indebted to Mr. H. Ledson, the manager of the works. 
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SLAITHWAITE SEWAGE WORKS. 


(StairHwaiTeE Ursan District Councit.) 





. Situation of works - s : E 5 : 


. Method of treatment x € 2 


. Population draining to works during obser- 


vations a : 


Water supply in gallons per head and whence 
obtained - - : = 3 : : 


. Number of W.C.’s connected - =p th : 
. Sewerage system = - - : uy : 


. Average dry weather flow of sewage in gallons 


per 24 hours” - - - . : : 


. Gallons of sewage per head per day - 


Period of observations - 4 


Age of contact-beds - . : : 


Amount of storm-water treated on the filters - 


Total capacity of tanks in gallons — - 
Total area of contact-beds in yards super 


Total cubic content of contact-beds in yards 
cube - - - - - - - - 


Nature of filtering material - - s 2 


Gallons of septic liquor treated per yard super 
per 24 hours (all filters included) : 2 


Gallons of septic liquor treated per yard cube 
per 24 hours (all filters included) 


The final effluent is discharged into - - 5 


About $-mile from the centre of 
the town. 


Grit settlement and closed septic 
tanks, followed by filtration 
in single contact beds. 


3,000 (estimated average). 


Amount not known; obtained 
partly from a catchwater 
reservoir and partly from 
Huddersfield Corporation. 
Both waters are of a_ soft 
character. 


200. 
Partially separate. 


140,000. 
466. 


- A dilute domestic sewage (mainly 


slop-water). 


November, 1902, to August, 
1905. 


4 years. 

Not much more than the dry- 
weather flow is treated. 

80,464. 

439°1. 


7318. 


Furnace-clinker and ashes, ob- 
tained locally. 


103. 


62. 


The river Colne, which is pol- 
luted practically along its 
whole course. 


FLOW OF SEWAGE. 


There is only one storm overflow on the Slaithwaite sewerage system, and as 
this is situated close to the works on the main sewer, the bulk of the surface 
water entering the sewers is brought to this point. 


Here, however, as the storm over- 
flow is a large one, and capable of diverting the greater part of any flow exceeding 


about 800,000 gallons per 24 hours, not more than about five or six times the dry 
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weather flow reaches the sewage works. Of the storm water which goes forward 
from this overflow to the works, only a small proportion is filtered, the rest passing 
over additional overflows after settlement or treatment in the septic tanks. 


The flow of sewage was gauged over a period of seven days in June 1902. 
Although practically dry weather prevailed for the first six of these days and the 
general weather which preceded was dry and warm, a considerable amount of rain 
fell in the previous week, and as the ground in the area still showed the effect of this, 
it is probable that the estimated dry weather flow obtained from the gaugings is rather 
high. 


The average flow for the six dry days was approximately 140,000 gallons per day. 


Owing chiefly to the relatively heavy night flow, which never fell below a rate 
of 100,000 gallons per day, and which is consequently indicative of the access of a large 
quantity of subsoil water to the sewers, the flow during the dry days was of an even 
character. Speaking generally, the sewage flow continued, with occasional fluctuations, 
at a rate of about 180,000 gallons per 24 hours from 10 a.m. to 4 p.m., while from 
midnight to 6 a.m. it flowed steadily at a rate of about 100,000 gallons per 24 hours. 
In times of rain the variations are very large, and increases of flow in the proportion 
of three to one within a quarter of an hour are common occurrences when anything 
like heavy rain falls upon the area. On one occasion, as the result of a heavy shower, 
an increase in the flow in the proportion of six to one within a quarter of an hour was 
recorded. 


Subsoit Water.—A large quantity of subsoil water gains access to the sewers. 
On Diagram Y are given some illustrations of the sewage flow at Slaithwaite. 


Crude Sewage.— Three sets of hourly samples of crude sewage, Nos. 1, 2 and 3, and 
one chance sample, No. 3399, were examined chemically. The hourly samples were 
drawn in the middle of June, 1902, according to rate of flow, over 48, 72 and 48 hours 
respectively, ¢.¢., they represented a week's flow. The rainfall during the periods when 
the three sets were being drawn was 0°01 inch, 0°21 inch, and 0°29 inch. The second 
and third samples were thus considerably diluted by storm water and cannot be 
looked upon as representing the dry-weather flow; but as the district is a wet one, 
they probably approximate to the average daily flow throughout the year. 


The chance sample, No. 3399, was drawn in dry weather on February 28rd, 1904, 
at 11 a.m. 


The following results were obtained :— 








Parts per 100,000. Average. hea No. 3399. 

Ammoniacal Nitrogen - - - - - (1:53 to 1°78) 1-66 (3) 077 
Pip earesete 2. ~~ (0°35 to 0:45) 0:40 (3) 0-28 
Oxidized Nitrogen - - : . - - - - 0-0 (2) 
Total Organic Nitrogen - - - - - (0°80 to 1:04) 0°89 (3) ? 
Total Nitrogen- -> - ~ - “= >; (2°50 to 2°58) 2°55 (3) 1:89 
“Oxygen absorbed” at 27° C. (80° I) at once (0°95 to 1°54) 1:18 (3) 1:06 

3 3 $5 » i124 hours (3°41 to 6:37) 460 (3) 6:06 
Chlorine - - - - - - - - (4:20 to 5-28) 4°77 (3) 
Solidsin suspension- - - - - — - (3°36 to 20°10) 10-70 (3) 7:50 
Solids by centrifuge (vols.) - - -  - (67-0 to 93:0) 76:0 (3) ' §1:0 
Ratio of solids in suspension to centrifuge solids (1:4°6 to 1: 19-9) 1: 108 (3) 1:68 
“Cellulose” (by alkali, acid and ether) - — - (1°66 and 4:16) (2) 


Ratio of cellulose to suspended solids - (1:52 and 1: 48) (2) 


a TUES USES SIS SSnIInE nS RESAIEIInSIn REISE nnn EnEIEEInEIE ERE nen Eeneeeenenemenmeennenmenene 
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The above samples had a bluish grey colour and a soapy smell, and excepting that 


No. 3 contained much more suspended solids, half of which was mineral matter, than 
either of the other two sets, they were all very uniform in composition. The heavy 
showers which fell on June 16th, and which accounted for most of the storm water in the 
third sample, was no doubt the cause of this rise in the suspended matter. The three 
figures for total nitrogen were practically identical. No. 3 was noted as containing 
much iron, probably from the cleaning out of the boilers at the dye works, etc., on 


Monday. The sewage at Slaithwaite is thus very dilute in every respect, although it is 


subject to considerable fluctuations as regards suspended matter. 


The chance sample examined contained less nitrogenous matter than the hourly sets, 
but gave a higher figure for “oxygen absorbed” from permanganate. From internal 
evidence it probably contained some nitrate, which, however, was not tested for. A 
settlement in the laboratory for two hours reduced the suspended solids in this sample 
—which were of a coarse fibrous character--from 7'5 to 49 parts, while the centrifuge 
figure was lowered from 51 to 20, 2.¢., to a relativety greater extent. The finer floating 
solid matter of the sewage was thus more compressible in the narrow centrifuge tube 
than the whole of the solids taken together—a point which is worth noting. 


Bacteriological Notes.—Three samples of Slaithwaite crude sewage were examined 
bacteriologically. The results are considered under “Septic Tank Liquor.” 


B.S.=Bile Salt Glucose 
Peptone Test. 














Hae: Number of B. coli N.R.=Neutral Red Pc 
ma Gah biaupe (or Gas-forming Broth Test. te ieee t Remarks. 
De Coli-like Microbes). In=Indol Test. PRORG OOS O. Bis 
L.P.M.=Lactose Peptone 
Milk Test. 
1. Slaithwaite Crude 100,000 100,000 B.S. 100 not 1,000 |‘“Gas” Test+-O1c.c. 
Sewage. 12/6/02. (++ indol) 100,000 N.R. (24 hours at 20° C.) 
(+ clot) 100,000 In. 
100,000 L.P.M. 
4. Slaithwaite Crude 100,000 100,000 B.S. 100 not 1,000 |‘‘Gas” Test+-O1e.c. - 
Sewage. 15/6/02. (+ indol) 10,000 not 100,000 N.R. (24 hours at 20°C.) 
(+ clot) 10,000 not 100,000 In. 
100,000 L.P.M. 
7. Slaithwaite Crude |10,000 not 100,000 1,000 not 10,000 B.S. 100 not 1,000 |‘‘Gas” Test+-O1c.c. 
Sewage. 17/6/02. (-- indol) 10,000 not 100,000 N.R. (24 hours at 20° C.) 
(+- clot) 10,000 not 100,000 In. ; 
10,000 not 100,000 L.P.M. 

















GRIT TANKS. 


Number - - - - ~ 2. 
Size of each - - - e - About 174 feet by 4 feet. 


About 2 feet 3 inches. 
Capacity of each About 1,000 gallons. 
Total capacity - - - : - About 2,000 gallons. 


Depth of water 


These tanks are for the purpose of grit settlement and screening. They are each 
fitted with half-inch and. quarter-inch screens, which are raked every day. The 
screenings are buried upon the works. 


The tanks themselves are cleaned once a week, the matter removed: being put into 
slop-carts and tipped. 
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SETTLING TANK. 


(There was originally only one settling tank, but a second tank was completed 
and brought into use in 1904. As the great majority of the samples were taken when 
only one tank was in use, no further mention is made of the second tank in this report). 


Size - - - - : : - 33 feet by 6 feet. 
Depth of water - - - - - About 5 feet 2 inches. 
Capacity - : . - - - 6,394 gallons. 


Construction.—The settling tank is constructed of brick and cement with a concrete 
bottom, and is covered in partly by boarding and partly by means of an asphalte roof 
carried on small iron girders. It contains “up and down” baffle walls every two feet 


of its length. | 


Working and Sludging.—While at work, the flow through the settling tank is a 
continuous one, but as the tank is used only in the daytime (9 a.m. to 5.30 p.m.), the 
flow is in reality intermittent. The deposit which settles in the tank is removed to 
a slop-cart twice a day, by means of a chain pump, without stopping the flow of sewage, 
and, having been mixed with street-sweepings and gas lime, is given away to farmers. 


SEPTIC TANKS. 


Number - - - - - 3 
Size of each - - - - 20 feet diameter and 21 feet deep. 
Capacity of each = - - - 26,821 gallons. 


Total capacity -.—- - 80,464 gallons. 
Construction —The septic tanks are constructed on the Dortmund plan, being 
cylindrical to a depth of about 10 feet and conical from there to the bottom. 


The settled sewage is delivered into each at the top of the cone (i.e., at a depth of 10 
feet), through a pipe carried down the centre of the tank. 


The tank liquor issues through syphon pipes in the retaining wall which withdraw 
it at a depth of 18 inches below the water level. Each tank is covered with an 
asphalte roof which is carried on small iron girders. 


Working.—The tanks are used in parallel for the treatment of the whole of the sewage. 


Flow through.—On the basis of a dry weather flow of 140,000 gallons per day, the 
flow through each tank would be once in 18°6 hours. 


Sludging.—No sludge has been removed from the septic tanks since they were first 
brought into use at the end of 1896, and they have therefore run without cleaning for 
a period approaching nine years. ‘The protection from suspended matter, afforded by 
the settlement in the grit tanks, is, no doubt, one of the main reasons for this unusually 
lengthy run without sludging; but it seems probable also that, owing to the deep down- 
ward delivery, which no doubt prevents the tank becoming full of sludge, there has been 
established an equilibrium in each tank, and the amount of suspended matter issuing in 
the tank liquor approaches that which enters with the settled sewage. In any case, it will 
be seen that the settlement produced by the septic tanks is disappointing, and there is 
no doubt that it would have been better if the tanks could have been emptied occa- 
sionally. As they are fitted with sludge valves in the bottom of the cone, which 
connect to a sludge pipe brought to within 18 inches of the water level, sludge could 
be removed without emptying the tanks, and probably, therefore, the operation would 
not be a difficult one. On the other hand, it may be cheaper at Slaithwaite to 
occasionally renew the filtering material than to deal with septic sludge, 


Septic Tank LIiquor.—Three sets of hourly samples and 7 chance samples of septic 
tank liquor were examined chemically. The hourly sets, Nos. 2, 4 and 6, were drawn 
at the same time as those of the crude sewage, and also represented 48, 72 and 48 hours 
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respectively, or a total of one week’s flow. As already explained with respect to 
the sewage, these samples do not represent the dry weather flow, but rather the 
average daily flow of all weathers. At the time that they were drawn the tank had 
been in use for 54 years. ) 


The following figures were obtained on analysis :-— 

















Parts per 10,0000./ Average. | umber of 

Ammoniacal Nitrogen -  -  - = = = = = (167 to 1:93) 1:79 (3) 
Albuminoid Nitrogen - - - - - = - = (081100-43)| 0-87 (3) 
Total Organic Nitrogen - - -~ - =a = J | -3:(0°65 to 0:83) 0°74 (3) 
Total ‘Nitrogent® “> +414 S| 0b Mi) ait ai ere Same 12°41 to 276} 2°53 | ae (op 
“ Oxygen absorbed ” at 27° C. (80° F.) at once - - + (0°85 to 1:42) 1:11 (3) 

¥ .. i rd in 4 hours - - - (3°10 to 4:52) 3°88 (3) 
Chlorine : 2 : - - ae - - + (480 to 5°40) 5:12 aad 6) 
Solids in suspension = oe pe iy me = (640077 -b0e) 7:10 (3) 
Solids by centrifuge (vols) - - - - - - ~ (870t0540)| 45-0 (3) 
Ratio of solids in suspension to centrifuge solids - - (1:50 to1:8°4) 1:64 (3) 
“Cellulose” (by alkali, acid and ether) - - - -  -(1:26 and 2°48) (2) 
Ratio of “ cellulose” to solids in suspension- - - - (1:60 and1:3°0) (2) 


The above three sets of tank liquor all had a distinct septic tank smell when analysed, 
and the sediment in them was dark grey to black in colour ; this sediment in No. 4 
was noted as containing a very large number of animalcule. In chemical composition 
they were on the whole very uniform, and much the same as the samples of sewage. 
The suspended solids in the tank liquor, however, unlike those of the sewage, did not 
fluctuate much in quantity during the week, and averaged 7:1 parts. This, though not 
in itself a high figure, was high relatively to the organic strength of the liquid portion. 
The septic tank liquor, therefore, which the filters had to treat in June, 1902, was a 
dilute one, though with more than a proportionate amount of matter in suspension. 


Compared with the hourly sets of sewage, we find the following reduction in figures:— 








Calculated on :— i 








- Albuminoid Nitrogen — - - - - - - : - - - 8 per cent. reduction. 
Total Organic Nitrogen’ =" is BOMBS Saiiod? Ate ie tee Ose olga, % 
Total Nitrogen RSG Rey yr ieee ei ek sie rr 0 ; 9 
Ammoniacal Nitrogen - - - - - - - - - - -++ 8 per cent. | 
" “Oxygen absorbed 7 at once’ l0- Ses (i- eeyinee ails Fine fees Toe %9 
= ‘3 tn 4 hours E - - - - - - fi 16 R iF 
Solids in suspension wy IL ae Aa AIC Rae aah ae 34—COtiCis ” 
Solids by dentritage (voles) "SS eat Grok eo aeeee See aa 41 ” n 
“Cellulose.” in solids “"=""_ #48. S90 (UES TOT 20) Ban ayer 2 36—Ctis 59 


* Fst’mated indirectly. 
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Chance Samples.—The T chance samples of septic. tank liquor examined, Nos. 
3,049, 3,098,, 512, 3,268.4, 3,400, 3,458 and 3,531, were drawn between November, 1902, 
and August, 1904, all of them excepting the two last in the cooler months of the year. 
The tank had been in use for 6 years when the first sample was taken, and for 74 years 
when the last came to be drawn, The samples were for the most part dry weather ones. 


The following results were obtained :— ; 











Parts per 100,000. Average. Number of 











Estimations. 
Ammoniacal Nitrogen = - = “toot caisste (0:82 .to. 2-08) 1:44 (3) 
Albuminoid Nitrogen = - = = ss (982 to 0-8) 0:35 * (3) 
Total Nitrogen - - - - . - - - - (1:90 ap. to 2°90) 2 42 (4) 
“Oxygen absorbed” at 27° C. (80° F.) at once - - ~~ (OBL to 180) 1:14 (7) 

. ; en ind hours - - (156 to 650) 404 (7) 
Chlorine -s 6-0. OO (84 to 4-76) 3°48 (6) 
Solids in suspension - = - - - - - - - (TO to 15-0) 9:70 (4) 
Solids by centrifuge (vols) - - 9 - = + = (16-0 to 64-0) 39:0 (7) 
Ratio of solids in suspension to centrifuge solids  - - 1:42t01:731/ 1:58 (4) 








Five of the above samples were noted as having a septic tank smell, and two of them 
a soapy smell when analysed; the solids were for the most part black, and in a fine 
state of division. It will be seen that while, on the average, these chance samples of 
septic tank liquor had much the sams chemical composition as the hourly ones, the 
variations in quality were much greater. The weakest sample, by far, was No. 3,268, 
drawn in October, 1903; for three days previously the weather had been dry, but prior 
to that there had been a véry wet week, and no doubt the ground water still continued 
to leak into the sewers in large quantity, which had in the meantime been well washed 
out. The strongest sample was the one last examined, No. 3,531, drawn in August, 
1904, in dry, hot weather, though there had been a heavy shower three hours before 
the sample was taken. It will be observed that the suspended solids in this sample 
had risen to 15 parts, half of which was mineral matter; it was thus evident that. 
the tank required sludging. 


No. 3,531 was partially examined both before and after filtration through paper, and 
the comparative figures of analysis are interesting, thus :— 





Parts per 100,000. ae through 
aper. 
‘Oxygen absorbed” at 27° C. at once -— - - Satay: s mgt) 1:80 0-74 
Z E eR eae ee ae 6:50 3:12 
Dissolved Oxygen taken up in 24 hours at about 19° C. - - - - : 5-27 4:80 
Solids in suspension - . - - . = “ 3 s é > 15-0 ou 
Solids by centrifuge (vols.) — - . - “ : a : x . a 64:0 4! 





From the fact that nearly as much dissolved oxygen was taken up from water in 24. 
hours by the paper-filtered as by the original sample, it looked as if the suspended 
solids present did not take it up with much avidity, in other words, that they were 
well digested ; it would be unwise, however, to attempt to draw any deduction from 
a single observation. 


TE 
* Possibly a little too high. 
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Compared with the hourly samples of sewage, these chance samples of septic tank 
liquor show hardly any reduction in figures, ¢.g.— 





Calculated on— “| Reduction. 
Oxygen absorbed at once - - s - - 2 : ; > 4 per cent. 
» m4 hours - - - - - a ti: - - 12 53 


” 


This small reduction is, no doubt, partly due to the large quantity of sludge which had 
accumulated in the septic tank. Their analysis confirms what was said with regard 
to the hourly samples, viz., that the septic tank liquor at. Slaithwaite is a dilute one 
organically, but.that during our. observations the filters had a disproportionately large 
amount of suspended matter put upon them. 


Bacteriological Notes—The samples of Slaithwaite crude sewage and tank-liquor 
yielded positive results with the B. coli test and presumptive tests for B. coli with 
‘0001 c.c. to 00001 c.c. (10,000 to 100,000 per c.c.). The B. enteritidis sporogenes 
test usually gave a positive result with 01 c.c. (100 per c.c.). Samples 3,049 and 
3,0984 of septic tank-liquor contained 4,500,000 std 2,900,000 bacteria per c.c., 
respectively. 





B.S. =Bile-salt Glucose 
Peptone Test. 
Pat 8 Number of B. Coli} N.R.=Neutral Red sas 
see ee of the (or Gas-forming Beothelas:. a Se ae 
ia Coli-like Microbes).|  In.=Indol Test. | "POT°BSnOS “est. 
L.P.M.=Lactose Pep- 
‘tone Milk Test. 


Remarks. 


2. Slaithwaite septic tank [10,000 not 100,000} 10,000 not 100,000 B.S. | 1,000 not 10,000 | “Gas” test + -01 


: 


liquor, 12/6/02. (+ indol) 10,000 not 100,000 N.R. c.c. (24 hours at 
(— clot) 10,000 not 100,000 In. 20° C.) | 
100,000 L.P.M. 
5. Slaithwaite septic tank {10,000 not 100,000) 10,000 not 100,000 B.S.| 100 not 1,000 | ‘‘Gas” test + -01 
liquor, 15/6/02. (+ indol) 10,000 not 100,000 N.R. c.c. (24 hours at 
(+ clot) 10,000 not 100,000 In. 20° C.) | 
100,000 L.P.M. 
8. Slaithwaite septic tank |10,000 not 100.900 100,000 B.S. 100 not 1,000 | “Gas” test + -01 
liquor, 17/6/02. (+ indol) 100,000 N.R. ec. (24 hours at 
‘1 clot) 10,000 not 100,000 In. 20° C). 
10,000 not 100,000 
L.P.M. ; , TRE 
3049. Slaithwaite septic san \ — 100 not 1,000 | Number of bac- 
tank liquor, 17/11/02. teria~ 4,500,000 
per c.c. (agar at 
37° C.) , 
30984. Slaithwaite septic 100,000 
tank liquor, 11/2/03. (+ Pol) 10,000 not 100,000 N.R.| 100 not 1,000 |, “Gas” test +- 01 
(+ clot) 100,000 In. - ~¢.c. (24 hours at 
/ 20 C.) 


Number of baell 
teria 2,900,000 
per ¢.c. 

(Gelatin at 20° 
C.) 


x 


3268A. Slaithwaite septic |10,000 not 100,000! 10,000 not 100,000 N.R.| —- 1: not 10 P } 
tank liquor, 19/10/03. (+ indol) 4 
(+ clot) + 
3458. Slaithwaite septic 100,000 100,000 N.R. 100 not 1,000 R 
tank liquor, 5/5/04. (+ indol) ) | 
(+ clot) | i% 
3531. Slaithwaite septic 100,000 100,000 B.S. 100 not 1,000° | - 5 nt 
tank liquor, 9/8/04. (— indol) 100,000 N.R. 
(— clot) 100,000 In. 


100,000 L.P.M. 
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CJNTACT BEDS. 
(Nore.—Two additional contact beds were constructed during 1903 and 1904, and 


irst brought into use towards the end of the observations in 1905. As no observations 
vere made upon them, they are not included here.) 


Number - - 2 : i ‘ 4. 

Size of each_— - - - : . 40 feet 4 inches by 24 feet 
6 inches. 

Area of each - - : - - 109°78 square yards. 

Total area - - - -- + \., 439-1 square yards. 

Depth of material . . - 5 feet. 

Cubic content of each - - - 182°97 cube yards. 

Total cubic content . -ouh 731°8 cube yards. 

Material - - - : - - Furnace clinker and ashes, 


graded as follows :— 

Top: 1 foot—2 inch to 4 inch dia- 
meter, Middle :3 feet—=2 inch to 
1 inch diameter. 

Bottom : 1 foot—above 1] inch dia- 
meter. 


Construction.—Brick and cement walls with concrete bottoms. 


Distribution (1902, 1903 and 1904).:—The distribution on the contact beds is 
ffected by means of two wooden troughs laid‘ on the surface of the material. These 
ire fed from‘a main trough carried across’ the centre of the beds. 


Underdraning:—Ten lines of three-inch agricultural pipes, each connecting to a. 
nain six-inch drain which leads to the valve chamber. ‘ 


Age of Beds.—The beds were first used in 1898. 


Working.—The beds are filled in turn with septic tank liquor from 9 a.m. to 4 p.m. 
ach day. They rest during the night and also on Sundays. 


Except during wet weather, the number of fillings given to each bed per day is 
umost constant. At the beginning of the observations, in the last half of 1902, the 
aumber of fillings averaged.1‘7 per day for each bed; in March and April 1905—just 
sefore the two new beds were brought into use —it was 1°66. ,. The average number of 
illings throughout the whole period, including all rests, was 1°5 per day. 


The period of contact, however, has grown gradually less. As the plan of working 
was to allow the tank liquor to remain in one bed until the next bed had been filled, 
it. depended. upon the rate.of fillmg and the water capacity of the beds. At the 
commencement. of the observations a contact. of two hours was usually given, but. 
towards the end it averaged about one hour. 


Capacity.—The original empty tank capacity of the four beds, when filled to the 
Jepth of the filtering material, was 123,510 gallons. The original water capacity, 
therefore, assuming the material when new to occupy. half the space of the tank, was 


51,755 gallons. 


Soon after the commencement of the observations in 1902, a first measurement of 
capacity was made by gauging bed No.1. Taking the capacity of this bed to be 
typical of the others. also, the total capacity at this time was approximately 33,600 gal- 
ions, or 54°4 per cent. of the original estimated water capacity and 27-2 per cent. of the 
original empty tank capacity.- At this time, therefore, after working at an average rate~ 
of about 14 fillings per day for four years, the capacity of the beds was by no means ex-_ 
hausted, and they still retained 27 per cent. of their original empty tank capacity. 
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The winter of 1902 was rather a wet one at Slaithwaite, and although the rate of 
working the beds was only slightly accelerated, the increased rate of flow through the 
septic tanks—which were then six years old—brought more suspended matter on to the 
surface of the filters. Asa result of this, the beds gradually deteriorated in appearance, 
and by February, 1903, seemed to be so clogged and sodden that it was thought necess- 
ary to make another gauging. Bed No. 1, therefore, was re-gauged on February 11th, 
1903. The result was surprising, for it gave an estimated total capacity of 32,640 gal- 
lons, or still 52°8 per cent. of the original water capacity. The beds, therefore, were 


not so bad as they appeared to be on the surface. That the surface itself was in a_ 


serious state, however, is undoubted, for from this time the beds could only be filled 
with difficulty, and by the end of April in the same year they had become so clogged 
that streaming was resorted to; on June 38rd they had to be stopped altogether. 
A rest of nearly three months was given, and at the same time the top six or eight 
inches of the material on all the beds were removed and replaced with a similar layer 
of new ashes. | 


On August 26th, 1908, the treatment was restarted, and, after the beds had received 
one filling a day (Sunday excluded) until October 12th, in order to make sure that 
they had quite recovered, the original rate of working (14 fillings per day) was again 
resorted to. : 


This experience is especially interesting in showing that in some cases where fairly 
fine material is used on the surface of contact beds, a clog does not necessarily extend 
throughout the whole of the material. 


As no further difficulty in the working occurred, it was not thought necessary to repeat 
the gauging until the end of the observations in September, 1905. 


On May 8th, 1905, the two new beds mentioned above were brought into use, 
and at the same time the top foot of material in No. 2 old bed was removed and 
replaced with new clinker. All four old beds at this time showed the effect of the 
winter’s work, and we understand that it is the intention of the Authorities to renew the 
upper part of the material in them. But No. 2 bed, owing probably to the fact that it 
had always leaked badly, and had therefore received more sewage during its lifetime 
than it should have done, was considerably worse than the other three. 


From May 8th to September 1st 1905, the three remaining old beds received on a 
average ‘6 filling per day. 


On September Ist the capacity of No. 1 bed was again measured. If it is assumed 
that No. 2 bed had still been in use and in approximately the same condition as the 


others, the total capacity as shown by this gauging would be about 28,000 gallons, — 


or 45°3 per cent. of the original estimated water capacity, and 22°6 per cent. of the 
original empty tank capacity. 


After receiving, therefore, on the average between 14 and 2 fillings per day, for rather — 
more than seven years, one of the four beds has had to be partially renewed and the — 


other three are approaching what has been considered to be the limit of economical 


working.* During this time the surfaces of the beds once got into a very clogged 


state, and the top few inches of the material had to be removed and renewed, while 


the beds were given a thorough rest ; but otherwise the working has continued with — 


only periodical digging and raking over. 


Amount of Septic Tank Liquor treated by the Contact Beds—The average number . 


of fillings given to each of the four beds during the whole of the observations has been 
15 per day, and the mean water capacity has been roughly 30,000 gallons. On 
this basis, therefore, the amount treated has been as follows :— 


Per square yard per 24 hours - . - - - 103 gallons. 
Per cube yard per 24 hours -_— - ee - 62 gallons. 


* Note—February 1906. The top foot of material on each of the beds has now been removed and replaced, — 


and the beds are stated to be in good order again. 


~— 
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fiuents.—Ten chance samples of effluent were examined chemically, of which seven 
were ordinary samples drawn at mid-flow after 1 hour’s contact*, while the remaining 
three were experimental samples. The seven ordinary samples, Nos. 3051, 3098C., 513, 
3269B., 3398, 3460 and 3532, were drawn at intervals between November, 1902, and 
August, 1904, and at hours varying between 9.15 a.m. and 5 p.m., mostly in dry or 
fairly dry weather, and five out of the seven in the cooler months of the year. 


They gave the following results on analysis — 

















Parts per 100,000. | Average. |. jvumber of 

uengimontNitippen hs ls Ve Pre = Te OBL to 121) 0°84 (3) 
Albuminoid Nitrogen- + - + + + «  « (0:13 t0 0:22) 0-17 (3) 
Total Organic Nitrogen + + + + «© - - (0:35 to 0-52) 0°45 (3) 
OxidizedNittopen- ©) . -. -- ~~ + (00 to LL ap) 0:57 (7) 
Total Nitrogen - - + + + © -« - « (1:59 to 2:03) 1:84 (5) 
“Oxygen absorbed” at 27°C. (80° F.) at once - - - (027 to 1:29) 0:59 (7) 

” ” 99 » % um 4 hours - - (0°70 to 3:89) 2°15 (7) 
Dissolved Oxygen taken up in 24 hours at 18°C. -  - (0-44 to 3-01 ap.) 1:52 (5) 
Incubator test (Sudder)- —- - 5 8 el ee B4,2- (5) 
Incubator test (by smell) - - + - - Feeley SiR 4 5— (7) 
Smoelliwhen drawn gsi pie fee goesoyeed t+ Jistabel oes 62S (7) 
Smell when analysed - = - - =e tee B11 (2) (7) 
Chlorine - : - : : - - - : - (3°50 to 4°44) 3°95 (5) 
Solids in suspension - - . : - . . - (60 ) (1) 
Solids by centrifuge (vols) - . : - . - - (1:4 to 52:0) 17:0 (7) 
Ratio of solids in suspension to centrifuge solids - > - (1:88 ) (1) 
3 c.c. per litre | - (4) 

xygeninsolution - - - - -— - - + (0°0 to 3:1) 


In appearance these effluents varied somewhat, but they may be described generally 
as opalescent and containing but small quantities of suspended matter. Indeed, if we 
exclude the last sample examined, No. 3532, which was drawn in the month of August 
in hot weather and shortly after a very heavy shower, and which contained nearly as 
much matter in suspension as all the other six samples put together, the effluents were 
very free from matter in suspension. Calculated from the centrifuge figures, the 
suspended solids would average about 2 parts in the whole seven effluents, or about 
1 parts in the first six. Chemically, the effluents were fairly uniform in composition, 
so far as total nitrogen was concerned. 


Six out of the seven effluents had a clean smell when drawn, the seventh being 
soapy, while six had also a clean smell on the day of analysis, one being marked as 
suspicious in this respect. The oxidized nitrogen averaged about 06 part and con- 
stituted one-third of the total nitrogen present. As only two out of the seven with- 
stood incubationt (though two others almost did so), it is obvious that the purification 
had not been carried far enough to produce an efiluent of high quality, and this is 
further borne out by the absorption of dissolved oxygen, the average figure for this 
being 1°5 (in five estimations, including, however, the last-drawn sample). 


* Nos. 513 and 3532 had contacts of # and 14 hours respectively. 
+ Reversing the incubation results of 3098B. and 3098C., which had evidently been accidentally 
transposed. 
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The above effluents can thus only be described as of very moderate quality, the 
reduction in the. oxidizable matter of the septic tank liquor—as measured by 
the ‘oxygen absorbed” test—being about 50 per cent., and the reduction in the 
suspended solids about 70 per cent. 


Compared with the hourly and chance’ samples of septic: tank liquor, we find ‘the’ 


following reduction in figures (the figures in brackets indicate the number of 
estimations) :—* } 





Septic Tank Liquor: 
Percentage reductions. 
Calculated on :— 


Hourly Samples. | Chance Samples. 





Total Nitrogen - - - : - - - eal - 27 (5) 42 (3) 


Albuminoid Nitrogen . - eke BP H\ +) cry Ae 54 (3) 51 (3) 
Total Organic Nitrogen - —- Oot plas ee reise dys 39 (3) 21 (4) 
Oxygen, absorbed at once - 1 (ome gg YOO) «> ele Oe - Re 47 (7). 48 (7) 

3 » tm4kours - | pepe ccarcm o- - 45 (7) 47 (7) 


Suspended solids (caleulated approximately from the centrifuge on tad fopsit 
figures re fen So ae ete) ee cle ge er 70 ap. (7) 70 ap. (7) 





Experimental Efiuents—Three experimental samples of effluent were drawn for 
comparison with three of the ordinary chance samples, already described, and their 
figures\of analysis may be given here in detail. -The reasons for drawing them will be 
stated afterwards. 





: Sample No. 
Parts per 100,000. 

















3050 | 3051 | 3098B. | 3098c. | 3460 
Ammoniacal Nitrogen” - - - - - | 
Albuminoid Nitrogen + - = i 
Total Organic Nitrogen - - © + 
Oxidized Nitrogen -  - - - - = | 092 | 092 | 0-50ap.| 1-10 ap. 
Total Nitrogen haan teal cnnain pada rt tog 2°05 203 2:07 1:89 
«“ Oxygen absorbed” at 27°C. atonce - » - | 059 | 062 | 084 | 0:38 
. : say tt, hours | OOD | 0-06 |e O46 le 1:84 
Dissolved oxygen taken up in 24 hours at 18°C. | $083 | -{0°44 
Incubator Test (Scudder) - - - : 3 bh, a 
Incubator Test (by smell) - - - - As Of 
Smell when drawn - - : £ i 3 ze Hy ae + 
Smell when analysed - x : c lee ete ot ae 
Chlorine G92 od L to uso owl wap ay | Sigg 74 Seog 1s 2404) os 5g Pa gBey Mabek 
Solids by centrifuge (vols.) > = a = | 120 | 18-0 |. 770.» | 19-0 | 17-0 | 20:0 fis 
c.c. per litre | ) ia ae 
Oxygen in Solution - - - x a “ 23 3:1 0-0 0-0 








* In nearly every case the chance samples of septic tank liquor and of effluent were drawa to correspond 
with one another. 

+ These two figures may be a trifle too low. 

t At laboratory temperature. 


/ 


—_— sh a ihe mee ee, ht -~ 
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Nos. 3050 and 3051 were from the same emptying, No. 8050 being made up of a 
number of fractions of the effluent, taken roughly according to the rate of flow every 
10 minutes during the 80 minutes which the bed required to empty itself, while 
No. 8051 was a single sample drawn at mid-flow. The figures of analysis show the 
two samples to have been identical, that. is to say, the sample taken at mid-flow gave a 
true average Of the whole emptying. . 


No. 30988 was a first flush, while 3098c was a mid-flow sample from the same 
emptying. The results as regards incubation are contradictory, and it looks as almost 
certain that the incubation figures have) been accidentally transposed, though the records 
do not show this; in the summary of the effluent analyses, they are taken as having © 
been transposed. Leaving this point out of account, it is seen that the first flush of 
liquid contained four times as much suspended solids as the mid-flow sample (judged 
by the centrifuge figures), and that its figure for “Oxygen absorbed” in 4 hours was 
nearly twice as high as the other. 


No. 3459, from Bed No. 8, was only given one-half hour’s contact, while No. 3460, 
from Bed No. 2, had a contact of one hour, the same tank liquor being treated in each 
case. It will be seen, from the figures of analysis, that there was practically no differ- 
ence between the two. So, assuming the beds. to have been inthe same condition at 
the time (they appeared to be so), the longer period of contact had affected practically 
no further purification. From the measurements of capacity, bed 3 was probably in 
rather the better condition, hence the value of the above results is to some extent 
lessened, although we do not think materially so. 


A word or two may be added with regard mainly to the absorption of. dissolved 
Oxygen by effluents Nos. 3460 and 3532, both of them mid-flow samples. 


Some of the figures of analysis may be given first :— 











No. 3532. 
a ts. No. 3460. Up ide anly lediltered = 
eg through paper. 

Oxidized Nitrogen -. - - { Ht se 0°33 0-0 
Incubator Test (by smell) - - - - = Just — je. sf 
“Oxygen. absorbed” at 27° C. at once- = - —- 0°50 1:29 0°64 

* BS » mAahours - - 1°85 3:89 2-29 
Dissolved Oxygen taken up in 24 hours at 18°C. - 0-89 30+ x 1:34 

(72 hours 3:29) 

Solidsin suspension WVU. LNA ee 6-0 


Solids by centrifuge (vols.) - - - - - 20-0 52°0 


” As has already been seen, No. 3460 was an effluent which just failed to withstand 
incubation. The quantity of dissolved Oxygen which it took up in three days was 
rather more than three times the figure for one day, but not very much more. 


No. 35382, already noted as a sample of poor quality, contained an unusual amount of 
suspended solids (6:0.parts). The power ot those solids..of absorbing dissolved 
Oxygen is very strikingly shown here, for, whereas the original effluent took up more 
than 3 parts in 24 hours, the effluent freed from its solids took up 1°34 parts. 


Bacteriological Notes.—Thirteen samples were examined bacteriologically.. With two 
exceptions all the samples yielded positive results with the B. coli test and presumptive 
tests for B. coli with from ‘0001 c.c. to (00001 c.c. (10,000 to 100,000 per c.c.). Samples 
513 and 3,2698 both yielded negative results with ‘0001 c.c. (less than 10,000 per c.c.). 
As regards the B. enteritidis sporogenes test, three samples contained 1, four samples 10, 
and the remaining six samples 100 spores of this anaerobe per c.c. Samples 3,050, 
3,051, 3,0988 and 3,098c contained 127,000; 262,000, 2,800,000, and: 1,200,00° 


microbes per c.c. respectively. 


Samples 3,050 and 3,051 represented, respectively, an average sample made up of 
fractions collected during the whole process of emptying and a sample collected at mid- 
flow (t.¢., half way through the emptying). 


Samples 3,098 and 3,098c represented, respectively, the first flush on emptying the 
bed and the mid-flow. 


Description of the 
Sample. 


3. Slaithwaite Effluent, 
12/6/02. 


6. Slaithwaite Effluent, 
15/6/02. 


9, Slaithwaite Effluent, 
17/6/02. 


3,050. Slaithwaite Effu- 
ent, 17/11/02. 


3,051. Slaithwaite Efflu- 
ent, 17/11/02. 


3,098B. Slaithwaite 
Effluent, 11/2/03. 


3,098c. Slaithwaite 
Effluent, 11/2/03. 


513. Slaithwaite Efflu- 
ent, 1/4/03. 


3,2693. Slaithwaite 
Effluent, 19/10/03. 


3,398. Slaithwaite Efflu- 
ent, 23/2/04. 


3,459. Slaithwaite Efflu- 
ent, 5/5/04. 


3,460. Slaithwaite Efflu- 
ent, 5/5/04. 


3,532. Slaithwaite Efflu- 
ent, 9/8/04. 
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(or gas-forming 


Coli-like Microbes). 


10,000 not 100,000 
(+. indol) 


(+ clot) 


10,000 not 100,000 
(++ indol) 
(+ clot) 


10,000 not 100,000 
(- indol) 


(- clot) 





100,000 





(++ indol) 
(+ clot) 


100,000 
(+ indol) 
(+ clot) 





1,000 not 10,000 


(+ indol) 
(- clot) 


100,000 
(+ indol) 
(+ clot) 





10,000 not 100,000 
(++ indol) 


(+ clot) 


10,000 not 100,000 
(++ indol) 


(++ clot) 


100,000 
(+ indol) 
(+ clot) 


B.S.=Bile Salt Glucose 
Peptone Test. 


Test. 
In. =Indol Test. 
L.P.M.=Lactose Peptone 
Milk Test. 


10,000 not 100,000 B.S. 
10,000 not 100,000 N.R. 
10,000 not 100,000 In. 
10,000 not 100,000 
L.P.M. 


100,000 B.S 

10,000 not 100,000 N.R. 

1,000 not 10,000 In. 

10,000 not 100,000 
L.P.M. 


10,000 not 100,000 B.S. 
10,000 not 100,000 N.R. 
10,000 not 100,000 In. 
10,000 not 100,000 
L.P.M. 


10,000 not 100,000 N.R. 
100,000 In. 


10,000 not 100,000 N.R. 
100,000 In. 


1,000 not 10,000 N.R. 
1,000 not 10,000 L.P.M. 


1,000 not 10,000 N.R. 
100,000 N.R. 

10,000 not 100,000 N.R. 
10,000 not 100,000 N.R. 


100,000 B.S. 
100,000 N.R. 
100,000 In. 
100,000 L.P.M. 








Number of B. coli!N.R.=Neutral Red Broth) B. Enteritidis 


Sporogenes 
Test. 


100 not 1,000 


10 not 100 


100 not 1,000 


100 not 1,000 


10 not 100 


100 not 1,000 


100 not 1,000 


10 not 100 


1 not 10 


1 not 10 


1 not 10 


10 not 100 


100 not 1,000 


Remarks 


“Gas” test + 1 
c.c. (24 hours at 
20°C. ). 


“Gas” test — 1 
c.c. (24 hours at 
20°C.). 


“Gas” test + ‘OL 
c.c. (24 hours at 
20°C.). 


| Number of  bae- 
| teria 127,000 
per ec. (agar at 


| 87°C.). 





| Number of bac- 
teria 262,000 
per c.c. (agar at 


87°C.). 


“Gas” test + -1 
c.c. (24 hours at: 
20°C.). Num- 
ber of bacteria 
2,800,000 per 
c.c. (Gelatine at 
20°C.). 


“Gas” test + 1 
c.c. (24 hours at. 
20°C.). Num- 
ber of bacteria 
1,200,000 per 
c.c. (Gelatine at 


20°C.). 
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Effect of temperature upon the working of the beds.—Without experience of 
severe weather during the observations at Slaithwaite, we are able to say little as to 
the probable effect of such weather upon the beds. The observations upon temperature, 
however, which included measurements made on the occasion of each visit to the 
works and also a complete set of measurements taken every few hours throughout a 
week in June, 1903, indicate that the effluent takes its temperature from that of the 
sewage and is only slightly affected by the temperature of the atmosphere. It is 
probable, therefore, that only such conditions as would tend to lower the temperature 
of the sewage—rapidly melting snow, for instance—would affect the working of the 
beds to any degree. 


SUMMARY. 


The Slaithwaite sewage is a very dilute one in every respect, although it is subject 
to considerable fluctuations as regards suspended matter, these fluctuations being 
due to the hilly nature of the district and to the consequent rapid rises in volume of 
the sewage caused by rain; in the three sets of hourly samples examined, the 
suspended solids varied between 3'4 and 20°1 parts per 100,000. The dilute character 
of the sewage arises mainly from the large quantity of subsoil water which gains 
access to the sewers. ‘The climate of Slaithwaite being a rather wet one, large flows 
both of subsoil and of surface water are of frequent occurrence. 


The septic tanks receive the sewage after it has undergone preliminary settlement in 
a grit chamber, followed by one small settling tank,*—-a method which in this case, at 
all events, is correct in principle and at the same time inexpensive, since both of these 
settling chambers can be readily cleaned out. There appears, too, to be no difficulty 
in disposing of the sludge so obtained. The beneficial effect of this preliminary settle- 
ment is, however, largely discounted at Slaithwaite by the fact of the septic tanks not 
being cleaned out periodically. When our observations came to an end, in August, 
1905, the tanks had been in use for seven and a half years without having ever been 
sludged. This is all the more to be regretted, as Slaithwaite is the only place where 
we have had the opportunity of observing a Dortmund tank in use* as a septic tank ; 
hence we are unable to describe, from actual experience, the working of a septic tank 
of this shape, and the extent to which it frees the sewage from the suspended solids, 
when only a moderate quantity of sludge is allowed to accumulate in it. 


Owing to the facilities which a tank of the Dortmund form offers for periodical 
sludging, we think that it has in this respect a distinct advantage over the ordinary rect- 
angular tank, and especially if the avoidance of nuisance during sludging is a 
serious consideration. A deep circular tank is also easier and cheaper to cover than a 
(relatively) shallow rectangular one, occupying as it does less surface area; but on 
the other hand it is, as a rule, more expensive to construct. 


The disadvantage of allowing sludge to go on accumulating as it did at Slaithwaite 
is evident from the fact that the hourly samples of septic tank liquor (drawn after the 
tank had been in use for 54 years) contained 7:1 parts of suspended solids ; this, though 
not a high figure in itself, is disproportionate when the dilute character of the liquid is 
taken into account. Chemically speaking, the hourly samples of septic tank liquor 
showed very little difference in composition from the hourly samples of sewage. On the 
other hand, the method of working the septic tank followed at Slaithwaite results in 
having comparatively little sludge to deal with, at the expense of loss of capacity in 
the beds. 


The construction of the filter tanks presents no unusual features, but the very small 
cost of the filtering material—a mixture of furnace clinker and ashes—is worthy of 
note ; this cost only 1/- per cubic yard in position in the beds. Provided such material 
does nct disintegrate rapidly, the utilization of a local waste product of little money 
value is a point in favour of the use of contact beds for treating the sewage of a small 
community. Material of this nature, if it were to be used for percolating filters, 
would require to be much more carefully selected, because clogging in a percolating 
filter is more difficult to remedy than in a contact bed. 


The small size of the fragments of filtering material constituting the upper layers had 
the effect of maintaining the capacity of the beds by largely preventing suspended 
matter from percolating into them. The beds continued in regular use for four years 


* There are now two such tanks (January, 1906). 
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at 14 fillings per day and, with one renewal of the uppermost few inches of material, 
they lasted for seven years, by which time the gaugings showed that their capacity 
had sunk to 22 per cent. of the original empty tank capacity. One bed had then to be 
partially renewed, and the authorities were considering the renewal of the top foot of 
material in all the others. The filtering material appeared to have disintegrated to 
some extent, but not so much as its origin might have led one to expect. 


Excepting that they contained on the average only about 1 to 2 parts of suspended 
solids, the effluents examined were but of indifferent quality, chemically and_bacterio- 
logically, being for the most part putrescible upon incubation, although they had a clean 
smell both when drawn and on the day of analysis; in other words, their oxidation 
had not proceeded quite far enough. A little further treatment would have enabled 
them to pass any reasonable standard of purity, but at present the treatment of the 
dilute sewage at Slaithwaite, on the lines followed there, and with 14 fillings per bed 
per day, is insufficient to produce a thoroughly satisfactory effluent. Had the sus- 
pended solids been better separated from:the tank-liquor before it was run on to the 
beds, and had the filtermg material in the lower parts of the beds been of smaller size, 
we think that the effluents would have shown a distinct improvement in qualtiy. 


The stream into which the effluent discharges was during the time of our observa- 
tions too much polluted to allow of our drawing any useful deductions from the 
admixture of effluent with the water. 


From the experimental samples of effluent examined, the following points of interest 
were brought out (the second is, of course, already well known) :— 


(1) That the middle portion of the discharge of effluent from a contact-bed 
represents, chemically, a fair sample of the whole discharge ; 


(2) That the first flush of a discharge contains an altogether disproportionate 
amount of suspended matter. 


We have never been conscious of any serious nuisance from smell during our visits 
to the works ‘at Slaithwaite, and think that this absence of smell is due to three 
reasons :— 


(1) Because of the dilute character of the sewage ; 


(2) Because the sludge from the settling-tanks is removed; while still compara- 
tively fresh, by means of a chain-pump working under water, and is then taken 
away from the works ina covered slop-cart ; 


(3) Because the septic tanks are covered in. 


We should like, in conclusion, to express our thanks to Mr. C. Gledhill, Clerk to the 
Slaithwaite Urban: District Council, Mr. Hiram Sykes, the: Surveyor, and Mr. James 
Whitehead, Chairman of the Sewage Committee, for much assistance in connection 
with our work at Slaithwaite. . 
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WITHNELL SEWAGE 


(WiTHNELL Urspan Disrricr 


Situation of Works : $ i! r 5 


Method of treatment — - i : f 5 


. Population draining to Works during observa- 


tions. 


. Water supply in gallons per head, and whence 


obtained. 


. Number of W.C.’s. - . : i b 

. Sewerage system - : E 3 ss 

. Average dry-weather flow in gallons per 

24 hours. 

. Gallons of sewage per head per day - - 

. Character of the sewage : , 
Period of observations - : : t i 
Age of beds - 2 u x £ a P 
Amount of storm water treated at Works - 
Total capacity of tanks in gallons - : : 
Total area of beds in yards super - : - 
Total cubic content of beds in yards cube — - 


Nature of filtering medium — - = : E 


Gallons of sewage treated per yard super per 
24 hours (Note—all filters included). 


Gallons of sewage treated per yard cube per 


24 hours. 


The final effluent is discharged into - - 
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WORKS. 


COUNCIL). 


About 14 miles from the centre 
of the district sewered. 


(1) Chemical precipitation and 
quiescent subsidence, follow- 
ed by continuous filtration 
through sand and _polarite, 
with final treatment upon 


land (10,000 gallons per 
day). 


(2) Double contact of crude 
sewage, with final treatment 
upon land (5,000 gallons per 


day). 
1,650 (estimated average). 


11. Liverpool Corporation (Riv- 
ington Moor supply, a fairly 
soft water). 

About 26. 


Partially separate. 


15,000. 


9. 
A very strong domestic sewage 
November,1902, to October, 1905 


Contact beds, 24 years ; Polarite 
filters, 2-8 years. 


Not more than 3 or 4 times the 
dry-weather flow is treated. 


32,312. 
Contact beds. Polarite filters. 
135. 83:2. 
196°1. 90:0. 
Clinker. Sand, polarite 
and gravel. 
26:4. 68:6. 
18:2. 63:5. 


The Roddlesworth Brook. 


3P2 
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FLOW OF SEWAGE. 


The inclusion of back roof and yard water results in large increases of flow at the 
sewage works during wet weather. There is only one storm overflow on the 
system; this is situated upon the main sewer, and diverts some of the storm- 
water direct to the Whave Brook, where it causes obvious pollution at such times. 
As it is set so as to come into operation at about 3 times the dry weather flow, it may 
be taken that not more than 3 or 4 times the dry weather flow ever passes to the 
works for treatment. 


The flow of sewage was measured continuously over a period of 7 days in July, 1904. 
A small quantity of rain (01 of an inch) fell upon the first day and had the effect 
of increasing the flow slightly for a short time; but as the weather, both before and 
after this, was perfectly dry, the dry weather flow estimate obtained from the gaugings 
may be taken as being fairly accurate. 


The average daily flow from Friday, July 15th, to Thursday, July 21st, was 15,000 
gallons per 24 hours, and this has, therefore, been taken as the dry weather flow. 


The highest day’s flow (17,000 to 20,000 gallons per 24 hours) occurred on the 
Monday and Thursday of the week, while the lowest (13,300 gallons per 24 hours) 
took place on the Sunday. 


In dry weather the flow is of a fairly even character, the variation being a fairly 
gradual fall from a rate of about 18,000 gallons per 24 hours, which continues from 
9 a.m to 6 p.m., to a steady night flow at the rate of approximately 3,500 gallons per 
24 hours. 


In wet weather the flow varies rapidly, and has been observed to increase in the 
proportion of 4°5 to 1 within a period of 10 minutes, as the result of a short shower. 


Subsoil Water.—From the small flow of night sewage in dry weather, it is evident 
that the quantity of subsoil water gaining access to the sewers at such time is not 
large. 


On Diagram Z are given some illustrations of the sewage flow at Withnell. 


Crude Sewage.—Five sets of hourly samples of crude sewage, drawn according to 
rate of flow, and two chance samples were examined chemically. The hourly sets 
consisted of two series of three and two respectively ; Series A, comprising Nos. 3498, 
3,500 and 3,510, represented the whole 24 hours’ flow of sewage over three days 
(Monday to Thursday), while series B, comprising Nos. 35014 and 3511, represented 
the flow of 16 to 18 hours, the sewage from about 8 a.m. to 2 and 4 p.m. being 
omitted. The object of drawing this second series was to get samples corresponding 
to the hourly sets of precipitation liquor, which corresponded to the hourly sets of 
effluent from the polarite filters. 


All the above hourly samples were drawn in the middle of July, 1904, the weather 
being dry. They may therefore be taken as typical of the dry weather summer sewage 
at Withnell. 


The following results were obtained :— 





Number of 





Hourly Samples, Series A. Parts per 100,000 | Average. | 74: mations. 

Ammoniacal Nitrogen - . : 4 : 3 - - (5:01 to 5°52) 5°35 (3) 
Albuminoid Nitrogen - — - . - . - - (0°98 to 1:54) 1:23 (3) 
Total Organic Nitrogen) - - - - - - - (2°16 to 2°93) 2°67 ¢ (3) 
Oxidized Nitrogen - -~— - } Sr eee ae - 0-0 (3) 
Fotal Nitrogen - : - ; SAS : - = (T-1T to 8:44) | 768 (3) 
.““ Oxygen absorbed ” at 27°C. (80° F.) at once - - - (3°66 to 6:87) 4:88 (3) 
x a) a ty in 4 hours - - - (15°91 to 27:90) 21:19 (3) 
Chlorine - - - - - - . - - - (9°54 to 9°90) 9°77 (3) 
Solids in Suspension - - : - E - - (17:30 to 52°60) 33°90 (3) 
Solids by Centrifuge (vols.)- —- - - . - - (564 and 182) (2). 
Ratio of Solids in suspension to Centrifuge Solids - (1: 10-7 and 1: 10°6) (2) 


— Diagram Z, 
DIAGRAMS SHOWING FLOW OF SEWAGE AT WITHNELL 


AS FALLING OVER A WeiR 8 wIDE. 


Note:- Over a Weir 8” wide 70-25 ofan inch 
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The dry weather summer sewage at Withnell is thus a very strong one, but it 
appears to vary greatly as regards suspended solids and oxidizable matter as measured 
by the “oxygen absorbed” test. Thus, the sample drawn on Monday-Tuesday 
was in both of these respects, especially the former, far stronger than that of Wed- 
nesday—Thursday. This is what might be expected, seeing that the sewage is from a 
small community, the great majority of whom are employed in a mill. The nitrogenous 
matter remained much more constant, while the chlorine figure only varied between 
9:54 and 990. All the above samples had a sour sewage smell on the day of analysis. 


The following figures were given by the two hourly sets of Series B, Nos. 8501A 
(16 hours) and 3511 (18 hours). Alongsideof them are placed the figures of the two 
chance samples examined,—No. 3505, a sample of night sewage drawn in dry 
weather on July 20th, 1904, at 4.30 a.m., and No. 3047, an ordinary chance sample, 
also taken in dry weather, on November 5th, 1902, at 1.10 p.m. 


Hourly Sets. | woimber of | No-,8505. 


Parts per 100,000 | Series B. Oe fs (night No. 3047. 


Average. sewage). 

Ammoniacal Nitrogen - - - - - — — 1°63 F 
Albuminoid Nitrogen - - - - - — — 0:29 — 
Total Organic Nitrogen - - - --- — 4 — 
Oxidized Nitrogen - -~ - (0-0 ) os — 0:0 Jse 
Total Nitrogen - — - - (6°84 and 6°41) 6°63 (2) 1:89 
“ Oxygen absorbed” at 27°C. at once (5:07 and 3°36) 4:22 (2) 0-88 3°97 

; », at 27°C. in 4 hours (18:38 and 16:06) 17:22 (2) 2°95 16°24 
Chlorine - - - - ~~ -(9°70 and 9°54) 9°62 (2) 5:94 11:38 
Solids in suspension - - - 21°5 and 17°6) 19°6 (2) 3°30 =a 
Solids by Centrifuge (vols.)- - (178 and 163) | 1710 (2) 26:0 336 
Ratio of Solids in Suspension to 


Centrifuge Solids - ~- (1 : 8:3 and to 9:3) 1: 88 (2) 1 ey fa) — 


The hourly sets of Series B. had, of course, the same character as those of Series A., 
but they were not quite so strong organically ; and this remark applies with rather 
greater force if we compare the average figures of the two samples comprising Series B 
with those of the two corresponding samples of A, drawn on the same days, thus :— 





Two Sets of 









Series B., Nos. 





ee A> Nos 3493 and ay 
lee ian ee 3510. : 
Total Nitrogen - - - - - - - : - 780 6°63 
“ Oxygen absorbed” at once - - : : - - - - 5:27 4:22 
$ * in 4 hours - - - - - - 21°90 17:22 
eoldsimesuspension  f- F me 35°00 19°60 





Notwithstanding this, however, that portion of the dry-weather sewage at Withnell, 
which is treated by precipitation and subsequent filtration on polarite beds, is a very 
strong one as regards oxidizable matter and also rather strong in nitrogen. The 
contact beds treat the sewage of from 8 a.m. to 3 p.m., or thereabouts, 7.¢., a liquid 
which must on the average be stronger organically than the sewage of the whole 
24 hours. 


The ordinary chance sample, No. 3047, was also very strong, with a large quantity 
of flocculent sediment (about 40 parts of suspended solids, as judged by the 
centrifuge figure). 


No. 3505, the sample of night sewage, was comparatively clear, but not weak for a 
night sample. 


Bacteriological Notes.—Seven samples of Withnell crude sewage were examined 
bacteriologically. All seven samples yielded positive results with the B. Coli test 
and presumptive tests for B. Coli with 1/100,000 c.c. (100,000 per c.c.), except sample 
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3505, which was a sample of night sewage. With one exception (35014), all 
the samples yielded a positive result with the B. Enteritidis sporogenes test with 
1/100 c.c. (100 per c.c.) Sample 3501A contained 1000 spores of this anaerobe per c.c. 





B.S.=Bile Salt Glucose 
Peptone Test. 


Description of.the Number of B. Coli N.R. = Neutral Red Bi Bateritidis 

















or Gas-forming Broth Test. Remarks. 
SS CSlilike Microbes), In. Indol Test, | SPoTogenes Test. 
L.P,M.=Lactose Pep- 
tone Milk Test. 
3047. Withnell Crude 100,000 100,000 N Rk. 100 not 1,000 
Sewage. 5/11/02. (-- indol) 100,000 In. : 
(+ clot ) 
3493. Withnell Crude 100,000 100,000 B.S. 100 not 1,000 
Sewage. 19/7/04 (24 (+ indol) 100,000 N.R. 
hours average), (+ clot ) 100,000 In. 
100,000 L.P.M. 
3500. Withnell Crude 100,000 100,000 B.S. 100 not 1,000 
Sewage. 20/7/04 (24 (— indol) 100,000 N.R. 
hours average). (+ clot ) 100,000 In. 
100,000 L.P.M. 
350ia. Withnell Crude 100,000 100,000 B.S. 1,000 not 10,000 
Sewage. 20/7/04 (16 (++ indol) 100,000 N.R. 
hours average). (+- clot ) 100,000 In. 
100,000 L.P.M. 
3505. Withnell Crude |10,000 not 100,000; 10,000 not 100,000 B.S.| 100 not 1,000 
Sewage.20/7/04 (night (— indol) 10,000 not 100,000 N.R 
sewage). (+ clot ) 100,000 In. 
100,000 L.P.M. 
3510. Withnell Crude 100,000 100,000 B.S. 100 not 1,000 
Sewage 21/7/04 (24 (— indol) 100,000 N.R. 
hours average). (+ clot ) 100,000 In. 
100,000 L.P.M. 
3511. Withnell Crude 100,000 100,000 B.S. 100 not 1,000 
Sewage. 21/7/04 (16 (-- indol) 100,000 N.R. 
hours average). (+ clot ) 100,000 In. 
100,000 L.P.M. 














DETRITUS TANK. 


Immediately upon issuing from the outfall sewer, the sewage flows through a small 
detritus tank (6 feet by 3 feet and 2 feet 2 inches deep), which has a capacity of 244 
gallons. The matter which settles here is removed once a week and put in the sludge 
lagoons. 


THE PRECIPITATION AND POLARITE BED PROCESS. 


PRECIPITATION TANKS. 
Number - - - - . ae 
Size of each - - - : - 44 feet by 11 feet 9 inches. 
Depth - - - - - - About 5 feet. 


16.156 gailons. 
32,312 gallons. 


Capacity of each — - , : e 
Total capacity - : : = 2 


Construction.—Brick and cement tanks with concrete bottoms.’ Each tank is fitted 
with a floating arm and sludge valve, but is otherwise perfectly simple. 


Precipitant.—The precipitant used is Aluminc-ferric. It is added in the form 
of a block placed in the sewage channel. The total quantity of precipitant used, in 
the years 1908 and 1904 has been eleven tons, or 5'5 tons per annum. This is 
equivalent to about 15-7 grains per gallon on the dry-weather flow. — 
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Working.—The tanks are used alternately, one tank being of sufficient capacity to 
hold the whole dry-weather flow of sewage between the hours during which it is used 
each day. Ifa storm should occur and the one tank become full, it overflows into the 
second tank, which is usually standing empty or nearly so. 


Starting empty, a tank receives the whole flow of sewage from about 2 p.m. until 
Tam. the next morning. It is then cut off and, after a short rest, the supernatant 
liquor is drawn off by means of the floating arm and delivered to the polarite beds. 
The tank then remains empty during the night, and is sludged the next morning, the 
second tank being filled in the meantime. 


On Saturdays and Sundays the whole flow of sewage throihout the 48 hours is 
allowed first to fill No. 1 tank, then to overflow into No. 2, and finally to flow direct 
to the land. 


Sludging.—The tanks are sludged alternately on week-days, by opening the sludge 
valve and sweeping the liquid sludge towards it. The sludge is delivered by this 
means to one of the three sludge lagoons situated at the side of the tanks, where it is 
allowed to drain and dry naturally. The lagoons are constructed of house and furnace 
ashes, and drained by agricultural pipes leading to an earthenware open-joint main 
drain, which connects to the Whave Brook. If necessary, the drainings can be sent 
with the effluent to the land. 


The sludge takes several months to dry by this process, and is liable to give rise to 
some nuisance from smell, on occasions. 


Precipitation Liquor.-—Hourly Samples.—Three sets of hourly samples and four 
chance samples were examined chemically. The hourly sets, Nos. 35028, 3512 and 
3516, were drawn on the days of Tuesday, Wednesday, and Thursday, July 19th 
to 21st, 1904, in dry weather, between the hours of 8 a.m. and 4 p.m. inclusive 
(No. 3516 up to 2 pm.). They therefore represented the dry-weather summer day 
precipitation liquor of 9°9 and 7 hours respectively, as treated on the polarite 
beds. The following figures were obtained on analysis :-— 














Parts por 100,000. | Average. | prumber of 

Mn ercocd! |< cnco cok vac: wie) + 10) (C374 to 6°18) 4:35 (3) 
Albuminoid Nitrogen - -  - - - - -  ~ (0-42 to 0°53) 0-47-——~ 4-3) 
Total Organic Nitrogen - - - - : - - (1:23 to 1:42) 132 (3) 
Praia itmpecnsaie- | |- fo icapry-: kolo Se 0-0 (3). 
Total Nitrogen - - - - - - - - - (5°38 to 6°46) 5:67 | (3) 
“ Oxygen absorbed” at 27°C. (80°F.) at once- - - - (085 to 1-22) 098 |. (3) 
me B 7 “, in 4 hours - - - (6°42 to 10°34) 7:95 (3): 
polids&sm Suspension~ - =|- (Urs ouato ese bs eee -  (2'20*) (1) 
7Solids by Centrifuge (vols.) - - osc - - - (25 to 133) 8-60 | (3) 
Dissolyed Oxygen taken up from water by No. 3516 in 72 hows - - - | 1193 (1) 











In appearance these samples were opalescent and almost colourless, with only very 
small quantities of matter in suspension. When drawn, they had a strong odour of 





* A week later, a second estimation of the suspended solids was made in a portion of sample No. 8512, 
after it had stood for a week in a half full bottle. This gave the figure 5-9, of which 17 was. non-volatile on 
ignision (as against 1:3 non-volatile in the first estimation). The inorganic portion of the solids consisted— 
at all events mainly—of a basic sulphate of alumina. The precipitation liquor had thus deposited more 
solids—mainly organic—upon standing. 

{ A second centrifuge estimation, made after the addition of a drop of hydrochloric acid, showed only the 
merest trace of suspended matter ; 
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lemonade, but this had disappeared by the following morning without, however, an 
unpleasant smell having up to then developed itself. They were all alkaline in 
reaction, but the last one only very slightly. 


The first sample, No. 35028,was stronger than the other two, especially as regards 
oxidizable matter as measured by the “ oxygen absorbed ” test, but otherwise they were 
fairly uniform in composition and might be regarded as distinctly strong, organically, 
but clear. That the liquid still contained, however, appreciable quantities of (pre-— 
sumably) colloidal matter is evident from what has been stated in the note on previous 
page, when the suspended solids in No. 3512 showed an increase of from 2:2 to 
5-9 parts in a week’s time; this matter was partly a basic salt of alumina, from 
the precipitant used, for sample No. 3516 became almost clear when slightly 
acidified. 


Of the above three sets of hourly samples, two, Nos. 3512 and 3516, were drawn 
to correspond with the hourly sewages of Series B, Nos. 35014, and 3511, and they 
showed, in comparison with the latter, the following reduction in figures :— 











Calculated on— Reduction. 
Total Nitrogen - 2 : 2 - - - - - - - - 20 per cent. 
“Oxygen absorbed” at once - - - - - - “ - - - 19 3 See 
% in 4 hours - - - - : . - - - G1 asatient 
Sdlids in'Suspension™ - J00@% |. >. | BAVORNI eee 7 
Solids by Centrifuge (vols.) - - - - - tn - - - ITD a 











The reduction in suspended solids and in oxidizable matter generally, as measured 
by the “ oxygen absorbed” test, was very good, and this is further borne out by the 
figure 11:93 given for the absorption of dissolved oxygen in three days by No. 3516. 
The comparative smallness of this figure shows that—for an unoxidized liquid—the 
oxidizable matter left in was not of a very rapidly putrescible character. 


Chance Samples.—The four chance samples of precipitation liquor examined, Nos. 
489, 34254, 3597 and 3658, were all drawn during wet weather, or immediately after 
wet. They gave the following figures :— | 





Parts per 100,000. Average. Fa umber lt 

Ammoniacal Nitrogen - : - . : - - - (0°76 to 1°61) 1:23 (3) 
Albuminoid Nitrogen - : : - - - - - (0°12 to 0:42) 0-25 (3) 
Total Organic Nitrogen - - . - - - - (1:16 ) — (1) 
Oxidized Nitrogen - - - ; - - - (0°42 ap. to 0°55 ap.) 0°50 ap. (3) 
Total Nitrogen * - - - - - (2:52 to 3:30) 2°79 (3) 
“ Oxygen absorbed ” at 27°C. (80°F.) at once - . . - (0°44 to 0°72) 0°54 (3) 
. - As » m4éhours - = - (2:12 to 398) 2:87 (4) 
Dissolved Oxygen taken up from water in 24 hours at 18°C. (2:257 and 2°40) — (2) 
Chlorine = pre nears PF eA to & A OREM E90 ) — (1) 
Solids in Suspension” - - : - - - - - (2°40 to 5:18) 394 | (3) 
Solids by Centrifuge (vols.) - —- eee - - (16°2 to 46:3) 28°4 (4) 
er Ratio of Solids in Suspension to Centrifuge Solids - - (1:5°0 to1: 10°9) 1:76 (3) 





The above samples were mostly opalescent, with a slight soapy smell, and they con- 
tained a little flocculent matter in suspension. The three last samples each contained 
about halfa part of nitrate, and this no doubt applied to No. 489 also, for the latter had no 
smell on the day of analysis. Ifthe figures of analysis be compared with those given 


* The figure 2°54 for the Total Nitrogen in No. 489 may just possibly have belonged to another analysis ; 
but this is so unlikely that it is given here. 

+ No. 3597 took up 2°25 parts of dissolved oxygen in 24 hours and 280 parts in 28 days (without correction 
for evolved gases). 
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by the hourly dry-weather samples of precipitation liquor, it will be seen that 
the chance wet-weather samples contained only half as much nitrogen and only 
one-third the amount of oxidizable matter, as measured by the four hours “ oxygen 
absorbed” test. On the other hand the figures for suspended solids, as measured by 
the centrifuge, were three times as great as in the hourly samples, no doubt because of 
the lesser time for settlement, although they were in no case high. Very considerable 
quantities of storm and sub-soil waters must therefore enter the sewers at Withnell 
in wet weather, converting the strong dry-weather precipitation liquor into a weak 
one. The precipitation appears to be always good, whatever the weather. 


Bacteriological Notes.—Seven samples were examined bacteriologically. Some of the 
samples yielded remarkably good results. For example, three samples contained less 
than 10 spores of B. enteritidis sporogenes per c.c. Two samples contained less than 
10 B. coli per c.c. Another sample contained less than 1,000 B. coli per c.e. 


B.S. =Bile Salt Glucose 
Peptone Test. 
Number of B. Coli N.R.=Neutral Red 





ear aen pf the (or Gas-forming Broth Test. ae ergs t Remarks. 
Hed hh Coli-llike Microbes).|  In.—Indol Test. Nea ERE 
- L.P.M.=Lactose Pep- 
tone Milk Test. 
489. Withnell Precipi- — 1,000 not 10,000 B.S. 100 not 1,000 
tation Tank Liquor. 1,000 not 10,000 N.R. 
5/3/03. 10,000n0t100,000L.P.M. 
3425 (A). Withnell Pre- | 1,000 not 10,000 | 10,000 not 100,000 N.R. 10 not 100 
cipitation Tank Liquor. (— indol) 
16/3/04. (- clot ) 
3502 (B). Withnell Pre- | Negative 1/10 c.c.| Negative 1/10 c.c. B.S. 1 not 10 
cipitation Tank Liquor. % 3 N.R. 
20/7/04. (Average of - _ In. 
9 hours.) * es L.P.M. 
3512. Withnell Precipi- | Negative 1/10 c.c. | Negative 1/10 c.c. B.S. 1 not 10 
tation Tank Liquor. A Pe N.R. 
21/7/04. (Average of x “a In. 
9 hours.) - 7 L.P.M: 
3516. Withnell Precipi- | 100 not 1,000 100 not 1,000 B.S. 1 not 10 
tation Tank Liquor. (— indol) 100 not 1,000 N.R. 
21/7/04. (Average of (— clot ) 100 not 1,000 In. 
7 hours.) 100 not 1,000 L.P.M. 
3597. Withnell Precipi- | At least 10,000 At least 10,000 B.S. 10 not 100 
tation Tank Liquor. (-- indol) At least 10,000 N.R. 
10/1/05. (+ clot ) 
3658. Withnell Precipi- |. — 10,000 not 100,000 B.S. 10 not 100 
tation Tank Liquor. 100,000 N.R. 
5/10/05. 
POLARITE FILTERS. 
Number - - = - - §, 
Size ofeach - - - - 2 Filters, each 18 feet by 14 feet. 


3 Filters, each 12 feet 3 inches 
by 6 feet 8 inches. 


Total area- - : - = §3:2 square yards. 
Depth of material - - - 3 feet 3 inches. 
Total cubic content - : - 90 cube yards. 


Sand 9 inches; polarite and 
sand, 15 inches. 


9 (Bottom) Gravel 15 inches. 
6226.—App. III. 3Q 


Material (Top) - 
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Construction.—Brick and cement walls, with concrete bottoms. 


Distribution.— One iron trough laid down the centre of each bed, on the surface of 
the sand. | 


Under-draining.—Twelve lines of 4 inch agricultural pipes, laid herring-bone fashion, 
which connect to a main drain constructed of brick on edge and tiles. On each side 
of the bed the ends of two tributary drains are carried up through the sand, and are 
thus open to the air. 


Working.—The polarite filters may be divided into two sets, (A) Nos. 1, 2 and 8, the 
small beds which were constructed in 1894, and (B) Nos. 4. and 5, the large beds 
which were constructed in 1900. The three old beds on Tuesday and Friday receive 
the tank liquor which has come down on the previous afternoon and night, being 
worked ponded for the whole time, 7.¢., for about eight hours each day. The large 
beds, Nos. 4 and 5, receive on Wednesdays and Thursdays the tank liquor which has 
come down on the previous afternoon and night, in flushes discharged once every 
45 minutes. These are therefore only ponded for a few minutes at a time. 


On Saturdays the top 6 inches of sand upon all the polarite filters is raked over. 
Ali these filters are washed twice or three times a year by allowing the precipitation 
liquor to pass down through one filter and force its way through the other, the sand 
on the second filter being raked in the meantime. 


Polurite Filter Effluents.—As the polarite filters are worked upon two different 
systems, Series A (Beds 1, 2 and 8) being ponded, while Series B (Beds 4 and 5) 
receive precipitation liquor in flushes about every 45 minutes, it is necessary to sub- 
divide the 9 samples, examined chemically, more than would otherwise be the case. 


Series A ( Ponded Filters)——One hourly set, No. 3517, and one chance sample, No. 
3178, were examined chemically, both being dry-weather summer samples, drawn in 
the month of July 1904 and 1908 respectively. The hourly set, No. 3517, was made 
up of 7 fractions, taken in equal volumes every hour from 8.30 a.m. to 2.30 p.m, from 
a bed which had last been used 7 days before; while the chance sample, No. 3178, 
was from a bed which had been ponded for 5 hours and which had also been 
worked on the preceding day. 


These gave the following figures on analysis :— 





. 
Parts per 100,000. Hourly eet ‘Chance 
ample. . 
Ammoniacal*Nitroconae pene + 1 a & ANA AT lca 1h ee 271 333 
Albuminoid Nitrogen’ - eee ee. Os deoe TA. <= fine 0-16 
Total Organic Nitrogen - - - - - - = . 5 - 0-47 aie 
Oxidized Nitrogen - A = | eth TOE OL doe eh ate - 1°78 0°63 ap. 
Containing Nitrous Nitrogen - eb ie - Se esis - a4 brs 0:13 0°13 
Total Nitrogen = - - - : - 4 J - - 4:96 ae 
“ Oxygen absorbed” at 27° ©. (80° F.) at once -pper “a Sslapayee - 0:38 0°53 
Bs = 2 ¥ » m4 hours - - : - - 1:37 ; 2°30 
Dissolved Oxygen taken up from water at 18°C. - - - - - than OO veers 
Incubator test (Scudder) - - - - - - . - - + -b 
Incubator test (by smell) - - - - - - . - - + — 
Smell when drawn - - - : , Z : é Ps ‘ a a 
Smell when analysed - - - - - - - - - - | + 
Solids by centrifuge (vols.) — - - - - - - - - - Trace. 6:0 











Both of the above samples were opalescent, almost colourless, and with practically 
no suspended matter, and both had a clean smell when drawn (N 0. 8517 an odour of 
lemonade) and when analysed. The chance sample, however, was much less well 
nitrated than the other (having had obviously less nitrate to draw upon from the bed) 


7 4 
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and it failed to withstand incubation. The hourly sample may be described as an 
effluent of fair quality, the chance sample not being so good. At the same time both 
of them were-almost free from matter in suspension—a strong point in their favour. 


If we compare the hourly set No. 3517 with the corresponding hourly sets of crude 
sewage, No. 3511, and of precipitation liquor, No. 3516, we get the following reduction 
in figures :— 


Compared with 
Calculated on— 


Sewage. Precipitation Liquor. 
Albuminoid Nitrogen Se ire se fea ah Bers ~- 70 per cent. reduction. 
Total Nitrogen - - - - - . - - 33 per cent. 8 A y 
“Oxygen absorbed ” at once - - - 4 89 a 55 . f 
x “4 in 4 hours - - - - - 91 is 19 f » 
Solids in suspension - - - - - - - |nearly100 __,, Very few solids in the 


Precipitation liquor. 








Judging from the above results, comparatively little nitrogen was actually 
lost in the passage of the precipitation liquor through this bed, or—what is more 
probable—any loss was compensated for by nitrate dissolved out from the material of 
the bed, which had been formed in it during its seven days of rest. The oxidation, 
as judged by the “ oxygen absorbed ” figures, was fair. 


Polarite Filter Effuents, Serves B.—Two hourly sets and four chance samples were 
examined chemically. The hourly samples, Nos. 3508c. and 3518, were drawn in dry 
weather in July, 1904, and each of them represented 9 fractions of equal volume taken 
hourly between 8.30 a.m. and 4.80 p.m. ‘The filters from which they were drawn had 
been rested for 4 and 7 days respectively. The following figures were obtained :— 


Parts per 100,000.) -Average. Number of 





Estimations., 

Oxidized Nitrogen - . - - - - - - (1°25 and 1°69) 1:47 (2) 
Containing Nit: ous Nitrogen - E 2 2 : - (0:16 and 0:03) 0:10 (2) 
Oxygen absorbed” at 27° C. (80° F.) at once - - (0°42 and 0°27) 0°35 (2) 

Acs ea 5 t, in 4 hours - - - (2:10 and 1°73) 1:92 (2) 
Dissolved Oxygen taken up from water in 24 hours at 18°C. (*0-49 ) (1) 
Incubator Test (Scudder) — - - - - - . - - - - | 2 slightly— (2) 
Incubator Test (by smell) -~ - => be = LDL the : ae Ser ; Qik (2) 
Smell when drawn - Se a ee Hg Pe Oe oe ae : Qi (2) 
Smell when analysed - - - - - - ; fg agis 2 > 2+ (2) 
Solids by centrifuge (vols.) - - - - - - - (18°8 and 25:0) 21:9 (2) 


The above samples were opalescent and almost colourless and they contained small 
but appreciable quantities of suspended matter; when drawn they had an odour of 
lemonade and when analysed a clean earthy smell. They were not so fully analysed 
as the hourly sample of series A, but it will be seen that they were upon the 
whole very similar in composition and in character, though not quite so free as the 
former from matter in suspension. Both of them withstood incubation and No. 3513 
took up just 0°5 part of dissolved oxygen from water in 24 hours at 18°C. So far, 
therefore, as the respective hourly sets are concerned, there did not appear to be any 
material difference in the summer dry-weather effluents obtained either by ponding or 
by feeding the filter in flushes, for the periods of time during which the filters are 
worked. Probably the effluents obtained by flushing will generally contain a little 
more matter in suspension, but on the other hand a bed fed by flushes should be 
capable of being worked for a very much longer period at one time than a bed which 
is ponded. 





* The amount taken up in 4 days was 1°68, ¢.e., rather less than four times the amount taken up on the 
first day. 


6225—App. IIL. 3Q2 
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Comparing the above two hourly samples of effluent of Series B, Nos. 3503c, and 
3513, with the two corresponding hourly samples of precipitation liquor, Nos. 3502s, 
and 3512, we find the following reduction in figures :— : 


Calculated on— Bal 2 8 


“Oxygen absorbed ” at once - - - - - - - : 67 per cent. reduction. 


in 4 hours - - - - - - - - 78 ” 9 


”» 9 


Solids by centrifuge (vols.) ° - - - - - - An increase. 





This reduction in figures for “ Oxygen absorbed ” from permanganate is much the 
same as in Series A, which bears out what has been said above. 


Polarite Filter Efiuents (Chance Samples).—Of the four chance samples of polarite 
effluent from Series B, Nos. 490, 3179, 3598 and 3659, three were drawn in the cooler 
months of the year, in wet weather or just after wet; No. 3179 was a July dry- 
weather sample. The beds had been previously rested for 2 to 4 days, and the 
samples were drawn at different lengths of time (10 minutes to 6 hours) after the beds 
had been brought into operation for the day. 


A fifth sample, No. 3426 B, drawn in March, 1904, in wet weather, was a “ Works” 
effluent made up from filters of both Series, A and B, which had not been rested long ; 
its figures of analysis are therefore given separately. 


- The following results were obtained :— 


Number of 
Parts per 100,000.) Average. Katia! No. 3426 B, 


Ammoniacal Nitrogen - = -— - - (010 to 3°65) 1:68 (4) 0:23 
Albuminoid Nitrogen — - - - - - (0°06 to 0-12) 0:08 Se (3) 0:04 
Total Organic Nitrogen - - - 2 - (017 to 0°72) 0:38 (3) te ee 

Oxidized Nitrogen - - = <=. =~ (0°53 ap. to 1:35) 0:84 (4), 0-77 
{ Containing Nitrous Nitrogen = - - - - = - Traces (4) Trace 
‘Total Nitrogen - - - - - - (1:49 to 2:27) 1:79 (3) — 
“ Oxygen absorbed” at 27° C. at once - - (0°09 to 0-36) 0-26 (4) 0-09 

3 ; 55 in 4 hours - (0°79 to 1°62) 1:29 (4) 0°85 

Dissolved Oxygen taken up at 80° C. in 24 hours(0:21 ap. to 0°41)* 0:28 _«r(3) 0°75 
Incubator test (Scudder) - Se ise os -| 2+2- (4) Practically -- 
Incubator test (by smell) » - - - - - - 3--+1- (4) =P 
Smell when drawn - - - : - : : - - 2+ 2- -. (4) + 
Smell when analysed - - - - : - - - 4 | (4) - 
Chlorine HHO Yel Jie cera aor tei (4°60) (1) 3°64 
Solids by Centrifuge (vols.) - -  -  - (trace to 25:0) TiO -2ar (4) 3°6 


c.c, per latre. 


iowa. (76) | (1) 76 


Oxygen in solution - C A ‘ 





In general appearance and character these chance samples resembled the hourly 
sets, and, excepting No. 490, which contained a little, they were to all intents and 
purposes free from suspended matter. No. 3179, the more concentrated summer 
sample, was of indifferent quality and failed to withstand incubation, but the other three 
may be described as relatively well nitrated effluents of fair to good quality, almost 
free from matter in suspension, and taking up very little dissolved oxygen from water in 
24 hours. When drawn, however, two or three of them had a doubtful smell, No. 3598 
having a somewhat strong unpleasant odour like that of carbon disulphide, which 





1:24 in 5 days. 
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persisted more or less until the following day. The oxidation, therefore, on these filters 
apparently does not go quite so far as it might do, so as to leave an effluent with only 
a clean earthy odour. While there must be considerable direct oxidation of the 
organic matter of the precipitation liquor in its passage through the filter, the above 
observations appear to indicate that in this process, more than in that of the ordinary 
percolating filter, a considerable portion of stored nitrate is taken up by the liquid 
during its passage downwards. 


No. 3426 B is an interesting example of an effluent from a dilute sewage, with good 
general figures of analysis, but taking up an appreciable quantity of dissolved oxygen 
from water. oe 


Bacteriological Notes.—Eleven samples were examined bacteriologically ; four from 
Set A; six from Set B; and one a mixture from Sets A and B. There was not a 
constant difference bacteriologicaily between the A and B effluents, and on the whole 
the results were somewhat similar. Most of the effluents contained only about 100 
to 1,000 B. coli perc.c., and no less than five of them contained no spores of B. 
enteritidis sporogenes even in 1 c.c. 


B.S. = Bile Salt Glucose 
Peptone Test. B. Ent 
Number of B. Coli] N.R. = Neutral Red Broth pede 





peer ible. of the Peataet a keine cate : ‘dis id: 
og mee Coli-like Microbes). In. = Indol Test. ortee ase 
L.P.M. = Lactose Peptone O8¥ 
Milk Test. 
3178 Withnell Polarite = 1,000 not 10,000 N.R. 1 not 10. 


Effluent, Set A. 1/7/03. 
3517 Withnell Polarite | 1,000 not 10,000 1,000 not 10,000 B.S. Negative 1c.c. 


Effluent, Set A. 21/7/04 (+ indol) 1,000 not 10,000 N.R. 
(average of 7 hrs.). (+ clot) 10,000 not 100,000 In. 
10,000 not 100,000 L.P.M. 
3518 Withnell Polarite | Negative 1/10,000| 10,000 not 100,000 B.S. |Negative1c.c. 
Effluent, Set A. 21/7/04 C6. 1,000 not 10,000 N.R. 
1,000 not 10,000 In. 
10,000 not 100,000 L.P.M. 
3519 Withnell Polarite 10 not 100. 10 not 100 B.S. Negative 1 c.c. 
Effluent, Set A: 21/7/04 (— indol) 10 not 100 N.R. 
(-+ clot) 100 not 1,000 In. 
100 not 1,000 L.P.M. 
490 Withnell Polarite = 1,000 not 10,000 B.S. 10 not 100 
Effluent, Set B. 5/3/03. ' 1,000 not 10,000 N.R. 
1,000 not 10,000 L.P.M. - 
3179 Withnell Polarite — 1,000 not 10,000 N.R. Less than 1 


Effluent, Set B. 1/7/03. 
3503C Withnell Polarite | 10,000 not 100,000 | 10,000 not 100,000 B.S. | Less than 1 


Effluent, Set B. 20/7/04 (++ indol) 10,000 not 100,000 N.R. 
(- clot) 10,000 not 100,000 In. 
1,000 not 10,000 L.P.M. 
3508 Withnell Polarite 100 not 1,000 100 not 1,000 B.S. 1 not 10 
Effluent, Set B. 20/7/04 (+ indol) 100 not 1,000 N.R. 
(-- clot) 100 not 1,000 In. 
100 not 1,000 L.P.M. 
3598 Withnell Polarite at least 1,000 At least 1,000 B.S. 10 not 100 
Effluent, Set B. 10/1/05 (-+ indol) At least 1,000 N.R. 
fie (+ clot) 
3659 Withnell Polarite — 1,000 not 10,000 B.S. 1 not 10 
Effluent, Set B. 5/10/05 10,000 not 100,000 N.R. 
3426B Withnell Polarite | 100 not 1,000 100 not 1,000 N.R. 1 not 10 
Effluent, Sets A. & B. (— indol) 


16/3/04. (—- clot) 
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Amount of Tank Liquor treated by the Polarite Filters.—The polarite filters 
receive the total flow of sewage from Monday morning to Friday morning each week, 
less a constant quantity each day of about 5,000 gallons, which is treated upon the 
contact beds. On the basis of the dry-weather flow of 15,000 gallons per 24 hours, 
this is equivalent to 10,000 gallons per day for four days, or an average of 5,714 gallons 
per day for the whole week. 


In dry weather, therefore, the average daily quantity treated by the whole area of 
polarite filters is as follows :— 


Per square yard per 24 hours - - - . 68°6 gallons. 
Per cube yard per 24 hours : - . - 63:5 gallons. 
It will be remembered, however, that as the polarite filters receive tank liquor for 


only about eight hours on each of the above-mentioned days, the actual rate of filtra- 
tion while they are at work is much greater than this, being approximately :— 


Per square yard per 24 hours - - - - 360 gallons. 
Per cube yard per 24 hours - . : - - 333 gallons. 


THE TREATMENT OF CRUDE SEWAGE UPON DOUBLE 
CONTACT BEDS, FOLLOWED BY LAND. 


PRIMARY CONTACT BEDS. 


Number - - - - - 2. 
Size of each - - - - No. 1, 32 feet by 10 feet 8 inches. 
No. 2, 33 feet by 10 feet 8 inches. 
Area of each - - - - No. 1, 37-9 square yards. 
No. 2, 39:1 square yards. 
Total areas - - - - TT square yards. 
Depth of material - — - - 5 feet. 
Total cubic content - - 128-4 cube yards. 
Material - - - - Furnace clinker graded as follows : 
Top - . - 8 inches, 4 inch diameter. 
Middle - - 3 feet 3 inches, 1 to 1$ inches — 
diameter. 
Bottom - - 1 foot 6 inches, 3 inches diameter. 


Construction.—These primary filters are the old precipitation tanks. They are 
constructed of brick and cement with concrete bottoms. 


Distribution. One main wooden trough down the centre of each bed, feeding four 
branch troughs on either side, all laid on the surface of the material. 


Under-draining.—One main drain (brick on edge covered with tiles), fed by six 
branch (agricultural pipe) drains on either side, the ends of which are carried up 
through the clinker and are thus open to the air. 


Working.—Kach of the primary beds is filled once a day on five days in the week, 
Saturdays and Sundays being set apart for resting and digging over. They are filled 
with the sewage which reaches the works between 7 a.m. and about 1 p.m. The 
time taken in filling varies considerably, but, as a rule, it is from three to four hours. 
‘The period of contact is from 14 to 2 hours. 


Age of Beds.—The beds were first used in May, 1900. Except for the raking and 
digging over which takes place every Saturday, they have never been touched since 
that time. et - Sry 
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Capacity.—The original total empty tank capacity of the two primary beds was 
21,653 gallons, and the original water capacity, therefore, on the assumption that the 
material occupied half the space of the tanks when first put in, was 10,826 gallons. 


When the observations commenced in November, 1902, the surface material in the 
primary beds appeared to be mixed with a large quantity of humus-like matter 
collected from the sewage, and, although by no means coagulated into a solid mass, 
was soft and spongy. The beds have continued in this condition during the whole of 
the observations, though the sponginess has appeared to increase. 


Our first estimate of capacity was made in July, 1904, upon bed No. 1 taken as 
typical.* It gave the total primary bed capacity as approximately 4,900 gallons, or 
22:6 per cent. of the original empty tank capacity, and 45°2 per cent. of the original 
water capacity. 


More than half the original water capacity of the two beds, therefore, was lost in 
the first four years’ working at an average rate of 0°71 of a filling for each bed per day. 


In October, 1905, a second measurement of capacity was made in the same way, 
and gave a total capacity of about 4,400 gallons. This is equivalent to 203 per cent. 
of the original empty tank capacity, or 40°6 per cent. of the original water capacity. 


The primary contact beds at Withnell, therefore, after working at a constant rate 
of 0°71 of a filling for each bed per day, for a period of rather more than five years, 
show signs of approaching their economic limit. There is no doubt that the material 
will shortly have to be washed or renewed. 


Primary Contact Bed Efiuents—Two “hourly” samples and three chance samples 
were examined chemically. As the primary beds are only filled once a day, the term 
“hourly” is incorrect in this instance, but it is retained for the purpose of contrasting 
these effluents with the corresponding “hourly ” samples of secondary contact effluent, 
and with the hourly samples of crude sewage. 

The “‘ hourly” samples of primary contact effluent, Nos. 3,494 and 3,514, were drawn 
on Monday and Wednesday, July 18th and 20th. 1904, in dry weather, each sample 
being made up of two discharges taken in equal quantities at mid-flow, after two 
hours’ contact. They gave the following figures :— 








Parts per 100,000. | Average. E ange Sy 

Ammoniacal Nitrogen - - - - - : - - - (2°47) (1) 
Albuminoid Nitrogen - - - - - - - - : (0°75) (1) 
Total Organic Nitrogen- - - - - += += = = (1:58) (1) 
Oxidized Nitrogen - - - . - - - - > ° . 0:0 (2) 
Total Nitrogen” - - - . - - - - - : (4:05) (1) 
“Oxygen absorbed ” at 27° C. (80° F.) at once - - (2:35 and 1°35) 1:85 (2) 

2 ¥ i a in4 hours - - (8:36 and 5:05) 6-71 (2) 
Incubator Test by smell - - sisal ae - - - = as 2.— (2) 
Smell when drawn - - - - - - - ~ - - - 2- (2) 
Smell when analysed - tae a . - res Panett - - 2- (2) 
Chlorine - - - - - - - - - (10°70 and 10:34) 10°52 (2) 
Solids in Suspension — - - - - - - - (15°6 and 5°95) 10°80 (2) 
Solids by Centrifuge (Vols.) - - - - -  - (143:0 and 48:0) 96:0 (2) 
Ratio of Solids in Suspension to Centrifuge Solids - - (1: 92and1: 8:1) 1:87 (2) 


The above two “ hourly ” samples of primary effluent were brown and opaque, with 
an average of about 11 parts of suspended solids. The first had a soapy smell when 
drawn and when analysed, and the second a sewage smell. Neither of them contained 
any oxidized nitrogen on the day of analysis and neither withstood incubation. 


* The capacity of No. 2 bed was also measured ; but as it was found to leak badly, this measurement had 
to be discarded. 
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Compared with the crude sewage, drawn about the same time, these effluents show 
the following reduction in figures :— 




















Hourly Samples of Sewage compared with—- 
Calculated on— 
| Series A. Series B. 
‘“‘Oxygen absorbed ” at once - - - - - 62 per cent. 56 per cent. reduction 
i wt. tn & hours) 2A + ies SOE 68 tHe 61 » y 
Solids in Suspension - - - - - - - - 68 Pr 45 me Fe 





The above comparisons are, of course, not strictly correct, but they, are sufficiently 
near to show that in the dry summer weather of 1904 the impurities of the crude 
sewage, as measured by the above tests, were reduced on the primary contact beds 
by about 60 per cent.—a very great reduction. 


The three chance samples of primary effluent examined chemically, Nos. 3,048, 3,427 
and 3,660, were drawn in the cooler months of the year—the two last in wet or immedi- 
ately after wet weather. They may all be taken as representing much more dilute 
sewage than the “hourly” samples. No. 3,048 was drawn when the bed was nearly 
empty, but the others at mid-flow. The period of contact was 2 hours in each case. 
The following figures were obtained :— 














Parts per 100,000. Average. 7 2 ee 

Ammoniacal Nitrogen - - - -» - (0°92 and 0°78) (2) 
Albuminoid Nitrogen - - - - - - - (0°15 and 0°23) (2) 
Oxidized Nitrogen - - . - - - - (0°83 to 1°66) 1-99 (3) 
Containing Nitrous Nitrogen - = - - - (0-08 to 1°61)* 0°67 (3) 
Total Nitrogen - - - - - = {2°71 ) (1) 
“Oxygen absorbed” at 27° C. (80° F.) at once -  - (0°55 to 2°82) 1:45 (3) 

9 ” 99 in 4 hours - = (1°70 to 5:06) 3°36 (3) 
Dissolved Oxygen taken up at 18° C. in 24 hours (0°38 ap. and 3:00) (2) 
Incubator Test (Scudder) - - -~— - 1+,2- (3) 

“ », by smell - - - - - -  14,11,1- (3) 
Smell when drawn - - - - - - - 2+,1- (3) 
Smell when analysed — - - - - - - : 3+ ~ (8) 
Chlorine bine ai te Sap SOW Se gee ae -  - (582 and 6°86) (2) 
Solids in Suspension “ - - eee - (4:30 ) (1) 
Solids by Centrifuge (Vols.) - - - - - (15:2 to 60:0) 38°0 (3) 
Ratio of Solids in Suspension to Centrifuge Solids - - - (1:88 ) 


(1) 





In appearance these chance samples of primary effluent were brownish and 
opalescent (No. 3,427 filtered to a colourless liquid), and, excepting No. 3,048 at the 
time of drawing, they had all a clean smell both when drawn and when analysed. It 
will be seen that they contained relatively large quantities of oxidized nitrogen, almost 
sufficient to enable them all to withstand the incubator test. Judging from the 
centrifuge figures, they contained less than half the quantity of suspended solids. con- 
tained in the “hourly” samples, while the average 4 hours’ oxygen absorption figure — 
was exactly half. So far as it is allowable to draw a conclusion from so few samples, it 
would appear that the primary contact beds at Withnell, working with one filling a 
day on 5 days of the week and giving 2 hours’ contact, are very nearly capable of turning 
out a non-putrescent (but, of course, not a well-purified) effluent from the more dilute 
crude sewage of the cooler months of the year. ! 





* This figure for Nitrous Nitrogen, 1°61, is exceptionally high. 
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Bacteriological Notes.—Six samples were examined bacteriologically. 
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Most of the 


samples yielded positive results with the B. coli test and presumptive tests for B. coli 
with 1/100,000 c.c. (100,000 per ¢.c.). Five out of the six samples contained from 19 
to 100 spores of B. enteritidis sporogenes per c.c. 


Description of the 
Sample. 


Number of B. Coli 
(or Gas-forming 
Coli-like Microbes). 





B.S. =Bile Salt Glucose 
Peptone Tcst. 

N It.=Neutral R.d 
Broth Test 
In. =I ndok Test. 
L.P.M.=Lactose Pep- 
tone Milk Test. 


B. Enteritidis 
Sporogenes Test. 


Remarks. 








3427. Withnell Primary 
Bed Effluent. 16/3/04. 


3048. Withnell Primary 
Bed Effluent. 5/11/02. 


34964. Withnell 
Primary Bed Effluent. 
18/7/04. Bed 1. 


' 3497x. Withnell 
Primary Bed Effluent. 
18/7/04. Bed 2. 


35064. Withnell 
Primary Bed Effluent. 
19/7/04. 


3660. Withnell Primary 


Bed Effluent. 5/10/05. 


Number 


Sizewa- 
Area - 


1,000 not 10,000 
(+-indol) 
(+-clot ) 


100,000 
(—indol) 
(—clot ) 


100,000 
(+-indol) 
(+clot ) 


é. 
100,000 © 
(—indol) 
(+clot ) 


100,000 
(—indol) 
(+clot ) 


SECONDARY 


Depth of Material —- 


Cubic content - 


Material 





1,009 not 10,009 N.R. 


100,000 N.R. 
100,000 In. 


100,000 B. 
100,000 N. 
100,000 In 
100,009 


100,000 BS. 
100,000 N.R. 
100,090 In. 
100,009 L.P.M. 


100,000 B.S. 
100,000 N.R. 
100,000 In. 
100,000 L.P.M. 


) 


by 


. 
te 
. 


L P.M. 


10,000 not 100,000 B.S. 
10,000 not 100,000 N.R. 











10 not 109 
100 not 1,000 


1930 not 1,000 
1 not 10 
100 net 1,009 


10 not 100 





BED. 


1. (This is constructed in the 








form of a double bed, in filter 
tanks originally designed and 


used as polarite beds. 


The 


two tanks were therefore con- 
nected under the dividing 
wall, and in consequence the 
two halves of the bed now 
worked on the contact plan 
cannot be used separately.) 


29 feet by 18 feet. 
58 square yards. 
3 feet 6 inches. 
67°7 cube yards 


Furnace clinker, graded from 14 


inches in diameter at the bottom 
to 4 inch diameter at the top. 


Mstribution.—Two main wooden troughs down the centre of each half of the bed, 
delivering into five branch troughs on either side; all laid on the surface of the 


material... 


& 


Underdraining.—One main drain (brick on edge covered with slates) down the 


centre of each half of the bed, fed by 6 lines of 4-inch agricultu 


either side. 
6225.—App. III. 


ral drain pipes, laid on 
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Construction.—The walls are of brick and cement, and the bottoms of concrete. 


Working.—-The secondary bed receives the effluent from the two primary beds. It 
is therefore filled twice a day, except on Saturdays and Sundays. The time of contact. 


is two hours. 


 . 


Age of Bed.—The secondary bed was first used in May, 1900. Except for : 


periodical raking, it has not been touched since. 


Capacity.— We have not been able to make an accurate estimate of the water-holding 
capacity of the secondary contact bed, but there is no doubt that it has not suffered 
any serious loss of capacity during the 54 years that it has been at work. The 
material at the end of the observations, in October, 1905, was still quite clean,and the 
bed almost held the contents of both primary beds.* 


Secondary Contact Bed Efluents—Three “hourly” and three chance samples were 
examined chemically. The “ hourly” sets, Nos. 3495, 3504, and 3515, were drawn on 
July 18th and 20th, 1904, in dry weather, each set being made up of equal quantities 
of the two emptyings of the secondary bed for the day, drawn at mid-flow. The 
period of contact was 2 hours in each case. They gave the following figures :— 





Number of 





Parts per:100.000. Average. Vialimee aed 

Ammoniacal Nitrogen - - . . . - - (0°66 to 1:10) 0-89 (3) | 
Albuminoid Nitrogen 20 Whee ore Bonne ipubnp inp apm armen 84 ODD tO ad 0°41 (3) 
Total Organic Nitrogen - - - - - = - (101 ) — (1) 
Oxidized Nitrogeny) i:< 1 «+ Gwin eae se ene G ) 0-0 (3) 
Total Nitrogen - - - - : - : - - (1:67 ) -— (1) 
“ Oxygen absorbed” at 27° C. (80° F.) at once - - - (057 to1-27) 0:89 (3) 

3 et ee + m4&hours- - - (3:06 to 5:10) 3°86 (3) 
Incubator Test (by smell) - - - - - - > “ - - 3- (3) 
Smell when drawn - alge - “ae eee ae - - 2+ (3) 
Smell when analysed - - - - - ; - - - : - 142- (3) 
Chlorine -~ - - son dar - Mel - (10°52 to 11:06) 10°83 (3) 
Solids in suspension - - - - : - - - (3:25 to 8°60) 5°55 (3) 
Solids by Centrifuge (vols.) SHG eine) +  -— (464 to 1230) 76°0 (3) 
Ratio of Solids in Suspension to Centrifuge Solids- - (1:12:3 to 1: 143) 1:135 (3) 








These secondary effluents. were slightly brown and opalescent, and they contained 
considerable quantities of matter in suspension. They had an inoffensive smell when 
drawn, but two of them had a slight odour of sewage when analysed, and they all 
failed to withstand the incubator test. This last was not surprising, in view of their 
still containing a good deal of organic impurity and no nitrate. 


The secondary samples, Nos. 3495 and 3615, corresponded to the primary ones, 
Nos. 3494 and 3514, and it may therefore be well to contrast some of their average 


figures of analysis :— 


Sane ee Primary. Secondary. 
Oxidized Nitrovens:4).005 5° jess cya heih mn Se et a eae ce 00 0-0 
“Oxygen absorbed ” at once : : SU RAIS 601 82 f ‘ <i) Ha 1:85 0-92 
= ¥, in4hours - : : . : é 4 i 4 6-71 408 
Solids in Suspension - tenets eee) . CES a fae 10°80 590 





* A rough calculation made from this datum gives the capacity of the secondary bed as being 75 per 
cent. of its original water capacity. 


~ 
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The result of the treatment of the strong dry-weather primary effluent on the 
secondary contact. beds was thus to reduce the suspended matter and the figures for 
“oxygen absorbed ” from permanganate by about 40 to 50 per cent., but the oxida- 
tion did not go so far as to leave any nitrate—at all events, any appreciable nitrate— 
in the effluent. As secondary final effluents, therefore, the above hourly dry-weather 
samples were unsatisfactory and required some further purification. 


Although these effluents were not drawn to correspond with the hourly samples 
of sewage, it may be worth while to compare the two, as regards reduction in 
figures :— 





Compared with 
Hourly Samples of Sewage. 


Calculated on :— 





Series A. Series B. 
Ammoniacal Nitrogen - - -~ - : -  -| §83 per cent. reduction — 
Albuminoid Nitrogen — - Ll 9 SS ee yd % a ae 
“‘Oxygen absorbed” at once - . - . : -| 81 54 xs 79 per cent. reduction 
” 2 in 4 hours % 7 ~ 4 q 80 ” ” 78 ” ” 


Solids in Suspension . eee nea ne, | m1 BS 99 ~ 71 9 ” 





Chance Samples.—The three chance samples of secondary effluent. examined chemi- 

cally, Nos. 3180, 3599 and 3661, were drawn in July, 1903, and in June and October, 
1905, the first in dry weather and the other two in wet or immediately after wet. 
They were all taken at mid-flow, and the length of contact was 2 hours (13 hours in 
the case of No. 3599). They gave the following results on analysis :— 


Number of 
Estimations. 


Parts per 100,000. Average. 





Ammoniacal Nitrogen - - - - - - - (0°03 to 1°32 ap.) 
Albuminoid Nitrogen - . - - . : - - (0°10 and 0°14) 
Total Organic Nitrogon- - - - - - =~ - (0:36 and 0:32) 
Oxidized Nitrogen - - - - - - : - (1:0 ap. to 4:24) 
Total Nitrogen - - - - - : - - - (3:09 and 4°69) 
«Oxygen absorbed,” at 27° C. (80° F.) at once - + + (032 to 0°56) 

_ B BA ie in 4 hours - - - (1:27 to 2°14) 
Dissolved Oxygen taken up from water at 18°C. - . (0°95 and 037) 
Incubator test (Scudder) - - - - - - - - 3-4 
Incubator test (by smell) - - - - - - - - 3+ 
Smell when drawn - - - - . - - - - -1(),2+ 
Smell when analysed ~ - - - - - - - - -1—2+4+ 
Chlorine - - - - - - - - - - (5°46 and 7 08) 


Solids by Centrifuge —- : - - - = - (25 and 260) 





These three chance samples of secondary effluent, especially the two last, were 
far superior in quality to the hourly samples. They were opalescent and slightly turbid 
in appearance, but with only small quantities of matter in suspension. Sample No. 
3180 was a summer dry-weather sample, while the other two represented the effluent 
from the more dilute sewage of the cooler months of the year. The summer sample 
was an effluent of only moderate quality, but, taken altogether, they may be described 
broadly as well nitrated effluents which withstood incubation and which—excepting the 
first—had a clean smell, both when drawn and when analysed. The last sample, No. 
3661, was an effluent of very good quality, taking up only 0°87 part of dissolved oxygen 
from water in 24 hours and 1°16 parts in five days. It had dissolved out a large 
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quantity of nitrate which had accumulated in the secondary bed during the rest of 
the preceding night. This is obvious if we compare some of its figures of analysis 
with those given Dy the primary effluent No. 3660, both of which represented the same 
liquid. 





—_——- 


regia No. 3660. No. 3661. 
Total Nitrogen - : - - - - , : i ? 4 2:70 4:69 
Oxidized Nitrogen - - - - - 4 : 4 a f 1-66 4-94 
“Oxygen absorbed” at once - - Ss = F A a X 2-82 0-32 
u x im 4 hours - - - - - - - - 5:06 1:73 
Dissolved Oxygen taken up from water in 24 hours - - - - 3:0 0°37 








The double contact treatment at Withnell, therefore, while insufficient in the dry 
summer months or at other times when the sewage is specially strong, may be regarded 
as giving effluents of fair quality when the more dilute sewage there is being treated. 


Bacteriological Notes.— Seven samples were examined bacteriologically. Most of the 
samples yielded positive results with the B. coli test and presumptive tests for B. coli 
with 1/100,000 c.c. (100,000 per c.c.). The majority of the samples contained from 
10 to 100 spores of B. enteritidis sporogenes per c.c. 





B.S. =Bile Salt Glucose 
Peptone Test. 
send Number of B. Coli}! N.R.=Neutral Red waa’ 
pen the Gol Ganeg. Broth: Test. B. Enteritidis 
ee ee Coli-like Microbes) In.=Indol Test. 
L.P.M.=Lactose Pep- 
tone Milk Test. 


Sporogenes Test. ee 





3180. Withnell Second- -- 10,000 not 100,000 N.R. 10 not 100 
ary Contact Bed 
Effluent. 1/7/03. 


3498p. Withnell Second- 100,000 100,000 B.S. ; 1,000 not 10,000 
ary Contact Bed (--indol) 100,000 N.R. 
Effluent 18/7/04 (+clot_) 100,000 In. 
First emptying. 100,000 L.P.M. 
3499y. Withnell Second- 100,000 100,000 B.S. 10 not 100 
ary Contact Bed ( -indol) 100,000 N.R. 
Effuent. 18/7/04. (clot ) 10,000 not 100,000 In. 
Second emptying. 100,000 L.P.M. 
35078. Withnell Second- 100,000 100,000 B.S. 100 not 1,000 
ary Contact Bed ( — indol) 100,000 N.R. 
Effluent. 19/7/04. (clot ) 100,000 In. 
100,000 L.P.M. 
3509. Withnell Second- 100,000 100,000 B.S. 100 not 1,000 
ary Contact Bed (+-indol) 100,000 N.R. 
Effluent. 20/7/04. (+clot ) 100,000 In. 
100,000 L.P.M. 
25°0. Withnell Second- 100,090 100,000 B.S. 10 not 100 
ary Contact Bed (+Lindol) 100,000 N.R. 
Effluent. 21/7/04. (+elot ) 100,000 In. 
100,000 L.P.M. 
3361. Withnell Second- — 10,000 not 100,000 B.S. 1 not 10 
ary Contact Bed 10,000 not 100,000 N.R. 
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Amount of Sewage Treated by the Contact Bed Process.—On the basis of five 
fillings per week for each of the primary beds, at an estimated average total capacity 
of 5,000 gallons, the following quantities of grit-settled sewage have been treated by 
the contact bed process (primary and secondary beds together) during our observa- 


tions (1903, 1904 and 1905) :— 


Per square yard per 24 hours — - : ‘ - - 26°4 gallons. 
Per cube yard per 24 hours - . - . 18:2 gallons. 


LAND. 


On Saturdays and Sundays the liquor from the precipitation tanks is passed direct 
to the land, which also on a good many occasions receives the effluents from the contact 
and the polarite beds. This land lies on one side of the valley of the 
river Roddlesworth, and about half a mile to the north of the sewage works. It 
consists partly of sand and partly of peat and clay, and contains an area of 53 acres. 
_ Although a few shallow land drains are laid in it, it cannot be said to be under-drained ; 
there iz, however, a main intercepting drain carried along the bottom of the slope. 
for the collection of the effluent. 


The tank liquor or filter bed effluents are carried across the higher part of the land, 
in a grip cut in the ground, the liquids overflowing from this and trickling slowly down, 
partly through the land and partly over it, to the intercepting drain at the bottom. 


We have taken no samples of the land effluent, but from its appearance on the 
occasion of our visits it is evidently of high quality. 


SUMMARY. 


The sewage at Withnell is mainly a slop-water sewage, containing no trade waste,. 
and in dry weather it is very strong organically, although it appears to vary greatly 
as regards quantity of suspended solids; this last circumstance is no doubt mainly due 
to the population being a small one, and to the fact that most of the inhabitants are 
employed in one industry (a large mill). Only a small proportion of subsoil water 
gains access to the sewers in dry weather, but in times of rain the sewage becomes 
diluted with large quantities of surface water. 


.Not more than three or four times the dry-weather flow is ever treated at the 
works, either on the bacterial filters or on the land, the remainder passing by an over- 
flow into the Whave brook, which joins the larger Roddlesworth brook about half a 
mile away. 


There is a fair grit settlement of the sewage, though we think that the grit tank 
might with advantage be larger than it is. [he sludge from a grit tank is usually 
fairly thick, and therefore more easily manipulated than sludge from either the settle- 
ment or the precipitation of sewage. In some cases of precipitation it may be found 
advisable to allow a good deal of grit to go forward into the precipitation tank, but, 
speaking generally, we think it advisable to remove as much sludge by means of a 
grit tank as possible, preliminary to further settlement. 


The precipitation effected at Withnell is excellent, more especially in dry weather, 
when very little ordinary suspended matter is left in the liquor; this evidently 
contains, however, an appreciable quantity—.c., two to three parts per 100,000—of 
colloidal organic matter. The precipitation also effects a remarkable reduction in the 
total number of microbes. These satisfactory resuits are, we think, mainly due 
to the quiescent settlement allowed in the tanks and to the comparatively large 
quantity of precipitant added (15°7 grains per gallon of alumino-ferric, calculated on 
the dry weather flow). The tanks are, as a rule, sludged after each filling, the 
sludge being run into lagoons and allowed to dry naturally, after which it is carted 
away toatip. The drainings from the sludge lagoon are sometimes allowed to flow 
directly into the brook; although this does not appear to cause any serious nuisance, 
we think that the procedure is an undesirable one, and that such drainings should 
always be treated on bacteria beds or on land. 
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The polarite filters are constructed on the lines adopted by the International 
Company, and are 3 feet 3 inches deep.. From the top dcwnwards, they consist of 
9 inches of sand, 15 inches of mixed polarite and sand, and 15 inches of graded 
gravel, varying from the size of a marble to pieces of 4 inches to 6 inches diameter. 


We think that this grading is well adapted for the treatment of a good precipitation — 


liquor. The sand is sufficiently fine to retain particles of suspended matter on the 
surface, and the polarite small enough to prevent the sand from penetrating it, while 


the very coarse gravel at the bottom of the filter allows of free drainage and therefore — 


of aeration. We have had no opportunity at Withnell of contrasting the purifying 
effect of such a filter with that of another one containing small fragments of coke, 
clinker, or other vesicular material in place of polarite ; but, from experience gained 
elsewhere, we have no doubt that similar results can be obtained from a filter of 
the latter kind. Apart from the question of cost, polarite is a good filtering 
material, both as regards physical condition and durability. 


Three of the filters have been in use since 1894, these being worked by the “ ponding” 


method, while the remaining two, which are fed with precipitation liquor in flushes, 


were constructed in 1900. Each filter treats an average of 63:5 gallons of precipitation 
liquor per cube yard per 24 hours (calculated over the whole year), but of course the 


volume treated in the time during which a filter is actually at work is very much greater — 


than this (approximately 333 gallons per cube yard per 24 hours). All five filters appear 
to be in as gocd condition to-day as when they were started; they seem, practically 
speaking, to be permanent. 


Only one hourly set of effluent samples from a ‘‘ponded” filter, and two from a 
‘flush ” filter were examined chemically, but so far as the comparison of these goes, 
there does not appear to be any material difference in the quality of the dry weather 
etiluents obtained for the periods of time during which the filters are actually worked. 
No filter treats on the average a large volume or receives precipitation liquor for 
more than ten hours at a time. We made no experiment at Withnell to ascertain 
the limit of time over which ponding could be carried with safety as regards quality 
of effluent, but there can be no doubt that a filter fed by flushes must be capable 
of being worked over a very much longer period than one which is ponded. 


The hourly sets of effluent examined from both types of polarite filter were of fair 
quality, and (especially the sample from the ponded filter) very free from matter in 
suspension. The chance samples obtained by the filtration of the more dilute 
precipitation liquor of the cooler months of the year were relatively well nitrated 
effluents of fair to good quality, and almost free from suspended solids. So far as our 
‘observations go, we think that, while there must be considerable oxidation of the 
nitrogenous and other organic matter of the precipitation liquor when passing through 
the filter, purification must also depend in some degree upon the dissolving out of 
stored up nitrate from the filtering material. In other words, the indications are that 
the oxidation during the actual passage of precipitation liquor through filters of this 
kind is not so pronounced as in the ordinary type of percolating filter. Bacterio- 
logically, many of the polarite effluents were very satisfactory, relatively speaking ; 
no constant difference could be established between effluents from the two types of 
filter. 


The object of laying down contact beds at Withnell, in the year 1900, was to see 
‘~whether a satisfactory effluent could be obtained by this process, with a view to avoiding 
‘the expense entailed by precipitation and sludging. There is no special point to be 
noted with regard to the construction of the contact beds, excepting that the surface 
‘material of the primary beds is fine (4 inch diameter), and the ends of the under- 
drains are carried up through the clinker to the air. Each of the two primary beds 
receives on an average 0°71 filling of grit-settled sewage per 24 hours over the whole 
year (actually one filling per day upon five days of the week), the dry weather sewage 
being very strong organically aud containing about 20 parts of suspended solids. For 
primary beds treating a strong sewage, they give a good reduction of impurity. 
After having been worked at the above rate for five and a half years, the capacity of 
the beds was reduced to about 40 per cent. of the original water capacity, and hence 


their economic “life” may be estimated at about six years. This long “life” may be — 


ascribed to the small number of fillings per week, to the care which has been 
taken to keep the beds in condition by forking and raking, and also in some measure 
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to the fineness of the material on the surface of the beds. Some of the loss of capacity 
is, no doubt, due to the fact that the furnace clinker which forms.the filtering medium 
has broken down appreciably. 


The (single) secondary bed, whose capacity is double that of each of the primary 
ones, receives the effluent from both primary beds, but not at the same time ; it has, 
therefore, an average of 1°4 half-fillings per 24 hours over the whole year (two half- 
fillings per day on five days of the week). The effect of this treatment on the dry 
weather primary effluents was to reduce the suspended matter and the 4 hours 
“oxygen absorbed” figure by about 40 to 50 per cent., but the oxidation did 
not go so far as to yield permanently nitrated effluents, nor did those effluents with- 
stand incubation. If, therefore, they were to be judged from the standpoint of final 
effluents, per se, the dry weather secondary contact bed effluents would be unsatis- 
factory ; they still require some further purification. These dry weather samples con- 
tained about 6 parts per 100,000 of suspended solids. We think that ifthe secondary 
beds were constructed of finer material, the effluent would be improved both in this 
and in other respects. The more dilute wet weather samples of secondary effluent 
were effluents of fair quality. 


The secondary bed has not lost greatly in capacity. We have been unable to gauge 
it accurately, but an approximate calculation, which is probably fairly correct, gave its 
capacity at the end of the observations (¢.¢., after 54 years’ working), as equal to about 
75 per cent. of its original water capacity. 


The contact beds, primary and secondary together, treat on an average 18-2 gallons 
of crude sewage per cube yard per 24 hours, over the whole year. 


Although the total number of samples examined from Withnell was not large, there 
can be no doubt that the concentrated dry weather effluents from the polarite filters, 
treating 63°5 gallons of precipitation liquor per cube yard, were better than the 
secondary effluents from the contact beds, treating 18 gailons of crude sewage per 
cube yard. With regard to the more dilute samples, the effluents were fair in both 
cases, but the polarite filter effluent had the advantage of being always bright, though 
both kinds of efiluent were very free from suspended matter. Speaking generally, 
our observations at the works have led us to conclude that the prlarite effluent is 
the better in this respect also. 


Comparing the two filtration processes as a whole, the polarite filters treat over three 
times as much déguid per cube yard of filtering material as the contact beds, and give 
better results as regards quality of effluent ; but against this must be placed the cost 
of precipitant, precipitation tanks and sludging. 


The true final effluent at Withnell is, as a rule, the land effluent. The examination 
of this did not come within the scope of our observations, but we have looked at 
samples of it.on several occasions, on the spot, and it appeared to be an effluent of very 
high quality. 


The Whave brook receives both the storm overflow sewage and some of the 
drainings from the sludge lagoons ; it could not therefore be observed for the effect of 
effluent upon it. In continued dry weather the brook is fairly clean, but in wet. 
weather the polluting effect of the storm overflow discharge is strongly marked. 


There is very little smell produced by the process of sludging, but considerable. 
smell fromethe sludge lagoons, especially in warm, moist weather. As a general rule, 
however, we have found \ upon our visits that the works are fairly free from nuisance: 

in this respect. 


We have received much assistance from Mr. A. Marsden, the Manager of the 
Sewage Works, in connection with our work at Withnell. We should also like to 
acknowledge our indebtedness to the late Mr. T. Beaver, Surveyor to the Withnell 
Urban District Council. 
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YORK SEWAGE WORKS. 


(YorK Corporation). 





. Situation of works - - - : - - Naburn, 4 miles from York. 
. Methods of treatment - - - - - (1) 3,750,000 gallons per day : 
Chemical precipitation in 
continuous flow tanks; (2) 
500,000 gallons per day: 
Open septic tank,followed by 
filtration through percola- 
ting filters of coarse 
material. 
. Population draining to works during 
observations - =» +=  -  - about 80,000 (estimated average). 
. Water supply in gallons per head, and whence 36 gallons; from River Ouse--a 
obtained | rather hard water. 
Number of water closets - 2 5 - about 9,000. 
. Sewerage system - - - : - - (1) Old part of town—combined. 


(2) New part of town—par- 
tially separate. 


Average dry weather flow of sewage in gallons 


per24hours- »- - - - -  - 4,250,000. 
. Gallons of sewage per head perday -  - about 53. . 
. Character of the sewage - . - - - A domestic sewage weak in 


nitrogen, but containing con- 
siderable oxidizable matter. 


Period of observations - : : - - December, 1902, to December, 
1904. | 
Age of percolating filters - - - - No. 1 filter, 2 years 6 months. 


No. 2 filter was not started 
until May, 1908. 


Amount of storm water treated : 2 - About one and a half times th? 


dry weather flow. 
Total capacity (at working depth) of tanks in 


gallons :—(a) precipitation ; (b) septic - - (a) 875,000; (b) 478,650. 
Total area of filters in yards super - -  - No. 1:—400; No. 2:—8783. 
Total cubic content of filters in yards cube - No. 1, 882°6; No. 2, 2,182. 
Nature of filtering medium - - - - No. 1 filter :—4inch to 34 inch 

clinker and cinders. 


No. 2 filter (segmented) :— 
clinker, gas coke, slag, and 
hard broken brick, 4 inch 
to 34 inches diameter. 
Gallons of septic tank liquor treated per yard No.1 filter, 360; Nog2 filter, 
super per 24 hours - =#. uh) dil? ative - 360. 
Gallons of septic tank liquor treated per yard No. 1 filter, 168 ; No. 2 
cube per 24 hours - -  - filter, 140. 
The final effluent is discharged into - - - The River Ouse. 





FLOW OF SEWAGE. 


The City Engineer’s pumping records show that the maximum quantity of sewage 
which the pumps feeding the Naburn sewer are capable of lifting without serious strain 
is 6,500,000 ga'lons per day. It may be said, therefore, that rather less than twice 
the dry weather flow of 4,250,000 gallons per day is the most that ever reaches 
the works for treatment. Any excess over this is pumped direct to the river at Fulford 
by two 24-inch centrifugal stand-by pumps. 


7 
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Most careful records of the sewage flow and rainfall have been kept by the City 
Engineer (Mr. Creer), and from these we have been able to obtain the following data :— 





Year ending 31st March. 








Remarks. 


—_—_—— OO ere |S | 


1. Total quantity of sewage | 1,734,895,800 | 2,098,780,380 1,821,311,100 
and storm water arriving 
at Fulford 





Total quantity of sewage | 1,291,714,200 | 1,424,287,720 | 1,654,697,520 
and storm water pumped 
to Naburn Disposal 
Works 


2. Total quantity of storm- 101,950,000 160,100,000 50,400,000 


water pumped to river by 








centrifugals 
Do. by main pumps - - 341.231,600 514,392,660 116,213,580 
Total - - - 443,181,600. 674,492,660. 166,613,580 
Annual rainfall (inches) - 20:34 32:13 17:95 
Number of days on which 185 220 157 
‘01’ or more rain fell 
3. Number of days upon 101 136 95 


which the centrifugal and 
main storm water pumps 
were brought into use for 
pumping into river 


4, Greatest flow of. sewage 17,760, 960* 22,249, 000* 13,199,220*, * These figures are only 
and storm water which approximate, as there are 
arrived at Fulford on any no means of ascertaining 
one day the quantities arriving at 

the Pumping Station, but 
only the quantities pump- 
ed. There have been 
occasions when, owing to 
a breakdown of machin- 
ery duringaheavy shower 
of rain, or to the river 
being in high flood, 
the pumps have been 
utterly powerless to deal 
with the quantity arriv- 
ing at the works; at 
such times the excess 
passes direct to the river 
by an overflow. 

5. Lowest flow of sewage 2,730,960 | - 3,193,560 3,119,940 

which arrived at Fulford 

on any one day. 


®. Daily figures of flow of 4,527,540 4,265,820 
sewage to Naburn for a 4,423,680 4,387,680 
dry week of each year 4,404,240 4,285,440 

3,704,220 3,857,400 
3,638,520 5,036,580 
4,327,200 4,746,600 
4,387,140 4,370,040 


29,412,540 30,949,560 





Our own gauging of the sewage flow at Naburn was made in November, 1903. At this 
_ time, in consequence of the wet summerand autumn,the flow was found to be about 5,000,000 
gallons per day, though the week during which the gaugings were made wasa periect'y 
dry one. This must be borne in mind in looking at the results of the analysis of the average 
samples of sewage and tank liquors, for these were taken at the time of our gauging. They 
may, therefore, be looked upon as representing approximately average samples for the 
year 1903 and not for a normal year, being somewhat weaker than they would have 
been if the year had been a dry one. 
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_* Our estimates of the York sewage flow are as follows :— 3 
Average dry weather flow in 1903-4 - - 4,250,000 gallons per 24 hours. 
Highest (wet) day’s flow in 1903-4 - (about) 22,000,000 gallons per 24 hours. 


' Owing to the fact that the sewage is pumped, the average flow at the works is of an 
even character. In wet weather a large quantity of subsoil water, and, when the river is 
high, even river water, undoubtedly finds its way into the sewers. 


Crude Sewage.—Three sets of hourly samples, Nos. 629, 633 and 638, and one chance 
sample of weak night sewage, No. 637, were examined. These were drawn in dry weather 
in November, 1903, but the whole year was a phenomenally wet one.. The hourly samples 
were on the whole very even in composition, as will be seen from the following figures :— 





| Number 




















Parts per 100,000. | sinus. | Estima: || Sewage, 
| tions. 

Ammoniacal Nitrogen - —- - - - - (220 to 2°97) 258° oat ee 0°78 
Albuminoid Nitrogen - -  - +=  - - (O77 to 085) |} 0-82 -(3) 0:27 approx. 
Total Organic Nitrogen - eee eo) (107 to 146) | 1:31 (3) 0:59 
Oxidized Nitrogen - Sieh ac’ - - - (0-0 ) (1) 0:0 
Total Nitrogen - - - : - - - (327 to 443)| 3°89 (3) 1:37 
Oxygen absorbed at 27° C. (80° F.) at once - : (160 to 2°86); 2-41 (3) 0-72 

09 % 9 s in4&hours - (12:06 to 14°73) | 13°83 (3) || 419 
Chlorine - -— - - - - - - (750 to 11:12)! 9:22 (3) 4°36 
Solids in Suspension - - - . : (186 to 240) | 212 (3) tie? 
Solids by Centrifuge (vols.) ahyicshie . -  (4161:0 to 186-0) | 171-0 (3) | 88-0 
Ratio of Solids in Suspension to Centrifuge Solids (1:78,90 &77) 1:82 (3) a Meer pa 








It will be seen from the above figures that the sewage is weak as regards nitro- 
genous matter and suspended solids, but that it contains more than an average quantity 
of oxidizable matter, as judged by the “‘ oxygen absorbed ”’ figures. The sample of weak 
night sewage contained no oxidized nitrogen; it was not very weak for a sample drawn at 


eouiaren 


Bacteriological Notes.—Only one sample was examined; it yielded the following 
results :— 











B.S.=Bile salt glucose 


Number of B. Ps Hee Beans 
Description of the | coli (or gas-form- Ne ee ants B. enteritidis ene 
Sample. ing coli-like tn sic i AGleiont sporogenes test. a 


microbes). L.P.M.=Laztose _ pep- 
tone milk test. 








629 Screened sewage 100,000 ~ 100,000 N.R. | 1,000 not 10,000 


24/11/03. (+indol) 
(+clet) 





SCREENS AND DETRITUS TANKS. 


The sewage is screened three times: once through a screen at Fulford before it is 
pumped and twice through 32-inch screens at the works. a 


There is no grit chamber in the precipitation process, but in the open septic tank and 
percolating filter process the sewage passes in the first instance through a grit chamber 
(10 feet 6 inches by 39 feet 6 inches and 6 feet 6 inches deep). The capacity of this 
chamber is about 17,000 gallons. > ws . sacs f Foe x. 
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a 9 PRECIPITATION TANKS. | 
Number.—Originally 6, now 4. Size ofeach, 160 feet by 40 feet by 6 feet 6 inches deep. 


Capacity.—The total precipitation tank capacity (4 tanks) is 1,000,000 gallons, each 
tank holding 250,000 gallons, but as the average number of tanks in use at any time is 
34 instead of 4, the working capacity may be taken as 875,000 gallons. | 


Working.—The tanks are used in parallel. Hach tank runs for about 3} days before 
it is cleared out, and it then requires 12 hours for cleaning. 


Flow through.—In dry weather, with a flow of 4,250,000 gallons per 24 hours to the works, 
3,750,000 gallons of which would flow to the precipitation tanks, the flow through each 
tank would be on an average once in 7°1 hours, at the rate of 4:5 inches per minute. In 
storm times, when the flow to the works reached its maximum of 6,500,000 gallons per 24 
hours, 6,000,000 gallons of which would flow to the precipitation tanks, the flow through 
each tank would be once in 4 hours, at the rate of 8:0 inches per minute. 


Precipitants.—The chemicals employed for the precipitation are alumino-ferric and lime. 


The alumino-ferric is put into the inlet channel inthe form of blocks, which dissolve at 
the rate of about 4 grains per gallon (5°7 parts per 100,000)... The lime is added subse- 
quently in the form of milk of lime at the rate of about 3 grains per gallon (4°3 parts per 
100,000). 


Cleaning.—One tank is cleaned out every day (except Sundays), by first draining off the 
supernatant liquid through floating arms and then pushing the residual sludge to the 
pumps connected with the sludge pump. 


About 140 tons of this wet sludge are produced per day.. Lime is added to this 
(4 grains per gallon) and the mixture is forced by rams into the presses, which produce 
trom 20 to 25 tons of pressed cake per day. The press water runs back into the sewage 
flowing to the precipitation tanks, and, being strongly alkaline with lime, adds consider- 
ably to the 3 grains of lime per gallon used as a direct precipitant. 


At one time the neighbouring farmers took an appreciable quantity of the pressed cake 
for manure, but now very little goes in this way, and, as the supply has always greatly 
exceeded the demand, the bulk of the cake still remains on the works. Formerly it 
was piled on an open heap, but owing to complaints in 1903 from the Archbishop 
(whose palace is about a mile higher up the river), the whole of the accumulated 
sludge has now been spread in a layer averaging about 8 feet deep and covered with 2 feet 
of earth and turf. There appears now to be little or no nuisance. . 


Precipitation Liquor.—Three sets of hourly samples, Nos. 630, 634 and 639, drawn in 
dry weather at the same time as the hourly sewage samples, were analysed. They gave 
the figures :— 





Number 
Parts per 100,000. |. Average. of 
Estimations. 

Ammoniacal Nitrogen - -  - += =. - =» = (231 to 3:02) 2°63 (3). 

Albuminoid Nitrogen op a ae - - - : - (0:53 to 0-57) 0:54 (3) 
Oxidized Nitrogen = = -- - +--+ =» = = + ' = (00 ) 

Total Organic Nitrogen - - - ©- - = -(095 and 1:00) - 0:98 (2) 

Total Nitrogen - - - + + + = = + (3-26 and 4:02) 3°64 (2) 

“« Oxygen absorbed” at 27° C. (80° F.) at once - evident (1:41 to 1:65) 1:49 (3) 

‘3 . » im 4 hours = ~~ - (172 to 781) 776 (3) 
Seer me de eh ah VE AB-OS t0-£040) 8°86 (3) 
Solids in suspension -... - - : : 2 2 = - (7:3 to 8-2) (ev (3) 
Solids by centrifuge (vols.) - = = + = -(29°0, 54:0 and 52:0) 45:0 (3) 

Ratio of solids in suspension to centrifuge solids - (1:35, 74 and70) | 1:60 (3) 
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Here, again, the samples were very even in composition throughout, and it will be seen. 
that there was a fair settlement of suspended solids. 


As compared with the hourly samples of sewage, the percentage reduction in the 
precipitation liquor works out as follows :— 


Percentace 

reduction. 
Total nitrogen - - - - - : : s : aT; 
Albuminoid nitrogen - - - - - - 3 = LnSé 
‘“‘ Oxygen absorbed ” in4hours - - - - : S - 44 
Suspended solids - - - - 4 E < - 64 


‘whe one chance sample of precipitation liquor which was examined partially (No. 706) 
was drawn after a good deal of rain had fallen. It was weaker in nitrogen than the average 
samples, but the 4 hours’ permanganate figure was rather higher, although the sample 
was almost free from suspended matter. 

Bacteriological N otes.—Four samples (630, 634, 689 and 706) were examined. The first 
three were hourly samples and 706 wasachancesample. The B. coli test and presumptive 
tests for B. coli (bile-salt: glucose peptone, neutral red broth, indol and lactose peptone 
milk tests) yielded positive results with from 1/10,000 to 1 /100, 000 c.c. The B. enteritidis 
sporogenes test yielded results varying from 10 to 1,000 per c.c. 





B.S.=Bile-salt glucose 
peptone test. 
Number of B. N.R.=Neutral red broth 


Description of the coli (or gas-form- Se B. Enteritidis R k 
Sample. ing coli-like tie eee sporogenes test. npg 
pce bes): L.P.M.=Lactose _ pep- 


tone milk test. 


630. Precipitation liquor |10,000 not 100,000/ 10,000 not 100,000 N.R. | 1,000 not 10,000 








24/11/03 (+indol) 
(+ clot) 
634. Precivitation liquor '10,000 not 100,000 | 10,000 not 100,000 N.R. 10 not 100 
25/11/03 (+ indol) 
(+ clot) 
639. Precipitation liquor |10,000 not 100,000 | 10,000 not 100,000 N.R. 10 not 100 
26/11/03 (+ indol) 
(+ clot) 
706. Precipitation liquor 100,000 100,000 In. 100 not 1,000 
14/6/04 (+ indol) 100,000 N.R. 
(+ clot) 100,000 B.S. ° 


SEPTIC TANKS. 


Number.—2. Size of each: 160 feet by 40 feet by 6 feet 6 inches deep. 

Working.—Used in series. 

Capacity.—The total working capacity is 478,000 gallons. 

Flow through.—The flow through the tanks is once in 26 hours, at the rate of 2°4 inches 
per minute, and it is practically constant. 

Cleaning.—Previous to the construction of the second percolating filter, one tank, 
with a ‘‘ flow through ” of once in 35 hours, supplied all the septic tank liquor 
necessary to feed the No. 1 “‘ York” filter and other experimental bacteria beds. 
This tank was started on July 5th, 1900, and ran till March, 1902, before being cleaned 
out. During this time (21 months) it received 105 million gallons (170,000 gallons per 24 
hours). 

On being cleaned out in March, 1902, it was found to be a Huaeee full of rather thick: 
sludge of which there were 390 cubic yards. Several attempts were made to press this 
septic sludge in the same way as the precipitated sludge, but it was found to require 
a prohibitive quantity of lime. It was eventually dried in lagoons. 

The tank was restarted in March, 1902. In April, 1903, a second tank was added, 
and the two were thenceforward used in series, with a “ flow through” of once in 26 hours. 
They were not cleaned out again until March, 1905. 


/ 
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Septic Tank Liquor.—Three sets of hourly samples, Nos. 631, 635 and 640, were examined 
with the following results :— 





Parts per 100,000. Average. 





Number 


of Estimations. 


Ammoniacal Nitrogen - : : 2 i : (2°75 to 3:00) 2°86 (3) 











Albuminoid Nitrogen - - - - - - - (0°49 to 0°50) 0:49 (3) 
Total Organic Nitrogen - - - Sy pthc ei glee MeO 74 46.0:82) 0:79 (3) 
Total Nitrogen - . . - : - Sem ak (3°49 to 3°80) 3°64 (3) 
“ Oxygen absorbed ” at 27° C. (80° F.) at once - A olde (1:53 to 1 89) 1:65 (3) 
‘ e i - na in4hours - - (5°33 to 7:26) 6°51 (3) 
Chlorine - - . : - - - : - (8°70 to 9°82) 9:26 (3) 
Solids in Suspension > : : . - - - - (49 to 60) 53 (3) 
Solids by Centrifuge (vols) - - - - - - (290 to 400)| | 350 (3) 
Ratio of Solids in Suspension to Centrifuge Solids - (1: 59, 74and67) | 1:67 (3) 








These hourly samples of septic tank liquor, drawn at the same time as the hourly samples 
of sewage and precipitation liquor, represent approximately the sewage of the preceding 
24 hours. Whenthey were drawn, the second tank would be fairly free from sludge. They 
were remarkably even in composition, and it will be noted that there was at the time a 
very good settlement of suspended solids. 

Again comparing a few of the above figures with those of the crude sewage we get th~ 
following reduction :— 

Per centage. 


reduction. 
Total nitrogen SER OM ces greg Fel use: te vert G 
Albuminoid nitrogen - - + += - += = 40 
‘““Oxygen absorbed”? in 4 hours - - - - = 988 
Buspemced solids -{ - =  - = =| = +. = % 


On the basis of these results, and bearing in mind the fact of the septic tank liquor 
not being strictly comparable with either the sewage or the precipitation liquor, the 
septic tank liquor showed a greater reduction of organic impurity than the precipitation. 
liquor, and should therefore have been easier to treat on the filters. 


The five chance samples of septic tank liquor examined, Nos. 3074, 500, 518, 31674 and. 
3395, gave the following figures :— 











Parts per 100,000. . Average. | o¢ ee 
Ammoniacal Nitrogen - 2 - - - - - (2°56 and 2:03) | 2:30 (2) 
Albuminoid Nitrogen - - - - - = = (0°49 and 0:35) 0-42 (2), 
Total Organic Nitrogen - - - - - -  ~- (10 and 0-98) 1:24 (2) 
Total Nitrogen - pie tes - - - “ - (301 to 4:06) | 371 (3): 
‘Oxygen absorbed ” at 2° C. (80°F.) at once - + (1:37 to 2:28) 1:87 (5) 
s ee “ ,, in 4 hours © - - (5°31 to 8:46) 6:51 (5) 
Chlorine et : - - . - . - (7:44 to 10-27) 8:87 (3) 
' Solids in Suspension - : - 2 - - - (2:7 to 11 2) 82 (3) 
Solids by Centrifuge (vols.) - — - - + + + (20°0 to 60-0) 320 - (5) 
Ratio of Solids in Suspension to Centrifuge Solids - (1: 5:4, 20 and 90) 4 (3) 


It will be seen that although, on the average, the figures of analysis are very much 
the same here as for the hourly samples of septic tank liquor, the individual differences 
in the chance samples are more marked. This was, of course, to be expected, from the 
variations in rainfall, etc. But, allowing for this, the differences are not on the whole 
great ; in other words, the filters at York are called upon to treat a septic tank liquor 
which is not very strong and which remains fairly uniform both in quantity and quality 
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throughout. Three of these samples (Nos. 3074, 3395 and 500) were taken at times when 
there was only one septic tank in use. Two of them contained as much as 11°2 and 10:7 
parts of suspended solids, showing that the tank then required cleaning out. 


Bacteriological Notes.—In all, ten samples (hourly, ordinary chance, and experimental) 
were examined. The B. coli test and presumptive tests for B. coli (bile-salt glucose 
peptone, neutral red broth, indol and lactose peptone milk tests) yielded positive results 
with from 1/10,000 to 1/100, 000 c.c. —usually with 1/100,000c.c. The B. enteritidis. 
sporogenes test yielded (with one exception) positive results with from med to 1/1, a 
c.c.—usually with 1/100 c.c. 











B.S.= Bile-salt glucose 


Number of B. peptone test. 
Description of the | coli (or gas-form- peer = Neutral red broth B. Enteritidis i ' 
Sample. ing coli-like ; ee 5 pees re 
microbes. ) n.=Indol test. 


L.P.M.==Lactose _ pep- 
tone milk test. 


3074. Septic liquor - |10,000not 100,000! = 100,000 In. 100 not 1,000 





16/12/02 (— indol) 100,000 N.R. 
(— clot) > 10,000 L.P.M. 
100,000 B.S. 
3090a. Septic liquor: - 100,000 | 10,000 not 100,000 In. | 1,000 not 10,000 | 2,100 000 microbes 
15/1/03 (— indol) 100,000 N.R. per c.c. (agar at 
(— clot) 87° C.) 
518. Septic liquor - — 10,000 not 100,000'N.R. | 100 not 1,000 
21/4/03 
3167a. Septic liquer - — 100,000 N.R. 10 not 100 
16/6/03 
631. Septic liquor — = |10,000 not 100,000 10,000 not 100,000 N.R.| 100-not 1,000: 
24/11/03 (+ indol) 
: (+* clot) 


635. Septieliquor — - |10,000 not 100,000| 10,000 not 100,000 N.R.| 100 not 1,000 
29/11/03 (+ indol) 


& 


(+ clot) 
640. Septic liquor = - 100,000 100,000. N.R. 100 net 1,000 
26/11/03 (+ indol) 
(+ clot) 
710. Septic liquor = - 100,000 100,000 In. 1,000 not 10,000 
28/6/04 (+ indol) 100,000 N.R. 
| a (+ clot) 100 000 B.S. 
oe ’ 100,000 L.P.M. 
715. Septic liquor 100,000 100,000 In. 100 not 1,000 
29/6/04 (+ indol) 100,000 N.R. 
(+ clot) 100,000 B.S. 
100,000 L.P.M. | 
720. Septic liquor - 100,000 100,000 In. 100 not.1,000 
30/6/04 (— indol) 100,000 N.R. 
(+ clot) 100,000 B.S. 
100,000 L.P.M 





PERCOLATING “YORK” FILTERS. 


Number of filters.—2. Dimensions : No. 1, 67 feet 6 inches diameter, 6 feet 6 inchell 
deep; No. 2, 100. feet diameter, 7 feet 8 inches deep. Areas: No. 1,400 square 
yards ; No. 2, 873 square yards. Cubic contents: No. 1, 882°6 cubic yards; 
No. 2, 2, 182 cubic yards. | 


Construction.—No. 1.—The filter is circular. It is laid upon a cement concrete floor 
which has a fall of about 6 inches from the centre to the circumference. On this floor a 
9-inch brick wall, built in pigeon-hole work, is carried up to a height ‘of 8 feet 9 inches, 
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and the space inside is filled to a depth of 6 feet 6 inches with clinker and cinder (.e., 
imperfectly-burned clinker), obtained from various works in the city. 


‘As the clinker and cinder were put in, perforated unglazed pipes, 4 inches and 6 inches 
in diameter, were laid radially on the surface and at heights of 2 and 4 feet from the 
floor, for the purpose of supplying air to the filter. In all, 24 lines of these pipes 
were laid. 


In April, 1903, when a grit tank was being constructed at the entrance of the septic 
tanks, half of the No. 1 filter was opened out down to the floor. The material was 
found to be clean ani in good condition, except the bottom 9 inches. This was largely 
composed of fine gritty ashes and sewage suspended matter, the former having obviously 
resulted from the disintegration of the clinker. 


Before replacing the material, the half floor exposed was covered with tiles placed on 
bricks, laid radially between the grooves on the floor. The material, after having been 
riddled, was then put back. New clinker was only added to make up the deficiency caused 
by the riddling. 


No. 2.—In No. 2 filter, which is also circular, the concrete floor falls from the circum- 
ference to the centre and, consequently, although the filter effluent flows, as in No. 1 
filter, from all parts of the outside rim to the surrounding channel, a basin is formed 
underneath the filter. This basin is intended to serve as a trap for suspended matter 
and it can be emptied. 


On the floor are built 44-inch pigeon-hole dwarf walls, varying from 6 to 15 inches apart, 
and carried to a uniform height of 7 inches above the level of the floor at its circumference. 
On these walls expanded metal is laid to form a false floor for the filtering material, and 
there is therefore a clear 7 inches of air space between the material and the water lying i in 
the basin. The surrounding 9-inch pigeon-hole wall is, in the case of No. 2 filter,carried to 
a height of 7 feet 6 inches above the expanded metal floor, and the space it encloses is 
filled right up with material. 


There are four different materials in No. 2 filter, each material being in a segment of its 
own, quite separate from the others. 


Both filters are surrounded by channels for the collection of the effluents. 


Materials.— 


No. 1.—Clinker and cinder from various works in the city, 14 inches—84 inches 
diameter. 
No. 2.—First segment (1,492 cube yards) ; clinker (14 inches—34 inches). 
Second segment (312 cube yards) ; broken bricks (14 inches—8$ inches)... 
Third segment (189 cube yards) ; slag (14 inches—34 inches). ° 
Fourth segment (189 cube yards) ; gas coke (1$ inches—33 inches). 


Age.—No. 1 filter was started on July 5th, 1900, and was two years and six months: 
old when we began our observations. No. 2 filter was started on April 29th, 1903. 


Distribution.—The septic tank liquor which feeds both filters is brought up through 
the centres of the filters from below the floor, and is distributed by revolving sprinklers 
working automatically with water heads of 4 ‘and 13 inches, respectively. 


Volumes of septic tank liquor treated by the filters :— 


No. 1 filter.—Since it was started in 1900, various amounts of septic liquor have been 
delivered on to the surface of No. 1 filter, the highest flow being 724 gallons per square 
yard per 24 hours, and the lowest 288 gallons per square yard per 24 hours. Z 


‘During our observations, however, it has received an almost constant flow of about 
360 gallons per square yard, or 163 gallons per cube yard per day. 


No. 2 filter.—This filter has received about 360 gallons of septic liquor per square yard 
or 140 gallons per cube yard per 24 hours, since it was started in April, 1903. 
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Efluents.—Excepting the experimental effluents referred to later and two ordinary 
ones, all the ordinary hourly and chance samples of effluent examined were from Filter 
No.1. The hourly samples, Nos. 632, 636 and 641, gave the following figures :— 


Number or 











Parts per 100,000. Average. Hetineten 

Ammoniacal Nitrogen - - - - - (0°08 to 0-11) 010 (3) 
Albuminoid Nitrogen : = 4 - - (0-07 to 0:07) 0:07 (3) 
Oxidized Nitrogen - : - - - . (1:97 to 2:47) 2:25 (3) 
Total Nitrogen -'"!- 2° 0/00 GR BEE Sirota aro 5s) 2°45 (2) 
Total Organic Nitrogen - — - - - = (0:11 and 0:19) (2) 
“Oxygen absorbed ” at 27 °C. (80° F.) at once - (0°26 to 033) 0:28 (3) 

9 » y9 . m4 hours (1°08 to 1:34) 1:17 (3) 
Chloring 4) iS ee ana een eee BOO bat 8:93 (3) 
Solids in suspension - —- pos tm : - (1°60 to 1°90) 1:80 (3) 
Solids by Centrifuge (vols.) —- Fakgene ANF (15-2 to 21'8) 19:0 (3) 
Ratio of Solids in Suspension to Centrifuge Solids (1t013-6,10°6 & 8:0) 1:107 
Incubator Test (Scudder) - nek Bee a2 ies - «= |all+(practically speaking) (3) 

‘ (by smell) 24 4 sat Sy-pancad deabaedas - all + (8) 
Smell of sample when analysed- - - - - =~ - all + (3) 





The above three days’ sets of hourly samples were so like one another in composition 
as to be almost identical. They were clear and bright, with a faint brown tinge and a 
slight earthy smell, and the small quantity of suspended solids present in them was brown 
in colour and finely divided. It need hardly be said that they were excellent in quality. 
Of the total nitrogen present, no less than 92 per cent. was in the form of nitrate (with a 
trace of nitrite), Further, if we compare them with the hourly samples of tank liquor, 
we find the following percentage purification :— 3 


Calculated on the Albuminoid Nitrogen - . 4 Ps - 86 per cent. 
¥ » °Oxygenabsorbed” atonce - : os - 
=e “ “* Oxygen absorbed ” en 4 hours = : - 82 A 
9 iF Suspended solids - : - é - 66 , 


The seven ordinary chance samples of effluent from No. 1 filter, viz., Nos. 3075, 3090s, 
501, 519, 3168, 3396 and 705, gave the figures :— | 











Parts per 100,000. Average. Lee 

Ammoniacal Nitrogen” - - - - - - ( 0:06 to 0°52 ) 0:25 (5) 
Albuminoid Nitrogen - - - + - = £( 007 to 0:27 ) 0-15 (5) 
Oxidized Nitrogen - - - - - - (1:50 approx. to 2°83 ) 2:11 (7) 
Total Nitrogen - - - . - - - ( 2:28 to 3-01 ) 2°76 (3) 
‘Total Organic Nitrogen - - - - - - (0:42 to 0°57 ) 0-49 (3) 
“ Oxygen absorbed” at 27° C. (80° F.) at once - - (032 to 0°79 ) 0-60 (7) 

es : :, - in4 hours - (099 to 2°44 ) 1:82 (7) 
Dissolved Oxygen taken up in 24 hours at about 18°C, (0-07 to 0°67 ) 0:32 (6) 
sChioriznie 2° 8 tie fe ee ge oe Ss ( 7°64 to 10°13 ) 8°74 (4) 
Solids in Suspension - - - - - - - (34 to 79 ) 50 (6) 
‘Solids by Centrifuge (vols.) —- - - - - + (90 to810 ) 57:0 | (7) 
Ratio of Solids in Suspension to Centrifuge Solids - ea & oe ie } 1: 136 (6) 
Incubator Test (Scudder) =") 2-7)9U-V/ 1) TRG. Gr. TH DST. 6 + (6) 

. ..,, “(byrembll) "0% let ek pe te eaieicen Be tee Tie (7) 
Smell when drawn - - - . - - - - - - - 5 + (5) 
Smell when analysed pe ee ere a ae eee uit E> hug sd eects. 7 + (7) 








These chance samples of effluent, while not of quite such a high standard as the hourly 
samples, are still excellent. The only exception to be taken to them is that they contain 
too much suspended solids (5 parts per 100,000). Had these been settled out, the figures 
of analysis would, no doubt, have been much the same as those given by the hourly samples. 


/ 
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As compared with the septic tank liquors, these chance samples of effluent show the 


following purification :— 





Calculated on Hourly|Calculated on Chance 
Samples of Tank Samples of Tank 
Liquor. Liquor. 
Albuminoid Nitrogen - 697 
“Oxygen absorbed” at once - - 64,, 687, 
? Ss in 4 howis : ini, f - ipa 72 ,, 
Suspended Solids - : - on 39,, 














The two ordinary chance samples of effluent from No. 2 filter, z.e., Nos. 31678 and 
3397, were likewise of good quality ; very much the same, in fact, as those from Filter 
No. 1. From the fact of the filter being quite new, however, they contained much less 
suspended solids (about 1°5 parts) and were therefore better in that respect. 


Bacteriological notes.—Ten samples were examined from No. i filter and two from No. 2 


filter. 


Many of the samples obtained from No. i filter were remarkably pure (bacterio- 


logically), and the B. coli test and the presumptive tests for B. coli not uncommonly 
yielded negative results with yolo5 ¢.¢. 


With two exceptions all the samples yielded 
negative results with ;3, c.c. with the B. enteritidis sporogenes test. 
No. 2, only two samples were examined. 


As regards filter 








Description of the 
Sample. 


3075. Percolation effluent 
from No. I., 16/12/02. 


3090b. Percolation effluent 
from No. I., 15/1/03 


501. Percolation — effluent 
from No. I, 18/3/03 


519. Percolation effluent 
from No. L, 21/4/03 


3168. Percolation effluent 
from No. I., 16/6/03 
632. Percolation effluent 


from Ne. I., 24/11/03 


636. Percolation effluent 
from No. I., 25/11/03 


691. Percolation effluent 
from No. I., 26/11/03 


3396. Percolation effluent 
from No. I., 19/2/04 


705. Percolation effluent 
from No. I., 14/6/04 


8167b. Percolation effluent 


from No. 2, 16/6/03 


8397. Percolation effluent 
from No. 2, 19/2/04. 
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B.S.=Bile-salt glucose 
peptone test. 
oe o of | N.R:=Neutralred broth! 3B. Enteritidis 
coli (or gas form- A 
=e BolT est. sporogenes Remarks. 
eit \ In.=Indol test. test. 
: - L.P.M.—=Lactose _ pep- 
tone milk test. 
100 not 1,000 {10,000 not 100,000 In. 10 not 100 
(— indol) 100 not 1,000 N.R. 
(— clot) 1,000 not 10,000 L.P.M. 
100 not 1,000 B.S. 
10,000 not 100,000) 10,000 not 100,000 In. 100 not 1,000 | 104,000 wmi- 
(+ indol) 1,000 not 10,000 N.R. crobes per ¢.c. 
(+ clot) (agar at 37°C.) 
=e 100 not 1,000 N.R. 10 not 100 
— Less than 100 N.R. 100 not 1,000 
= 10,000 not 100,000 N.R. 10 not 100 
Less than 100 | Negative 1/100 c.c. N.R. 10 not 100 
100 not 1,000 100 not 1,000 N.R. 10 not 100 
(— indol) 
(— clot) 
Less than 100 100 not 1,000 N.R. 10 not 100 
100 not 1,000 100 not 1,000 N.R. 10 not 100 
(+ indol) 
(— clot) 
10,000 not 100,000} 1,000 not 10,000 In. 10 not 100 
(— indol) 100 not 1,000 N.R. 
(+ clot) 10,000 not 100,000 B.s. 
— 10,000 not 100,000 N.R. 1 not 10 
— 1,000 not 10,000 N.R. 100 not 1,000 
3 T 
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Effect of temperature upon the “York” filter——A large number of systematic 
obervations, extending over three years, have been made at York upon the tempera- 
tures of the atmosphere, the sewage, the filter bed itself (No. 1) and the filter effluent. 
The average winter temperature of the sewage was 4°4°C. higher than that of the 
atmosphere, and the average temperature of the filter effluent 1:6°C. lower than that 
of the sewage. In the absence of very severe weather,.of which we have had little 
experience, the purifying action of the filter is not appreciably influenced. 


On one occasion, during some cold weather in January, 1908, we drew a sample of 
effluent when there were rings of ice on the surface of the bed, and found the temperature 
of the effluent to be as low as 45°C. (40°F.). | While this sample was not up to the 
standard of the best York effluents, the deterioration in quality was not marked. 


Unfortunately we have had no opportunity of testing the effect of a prolonged perio 
of very cold weather upon the filters. 


EXPERIMENT WITH THE SEGMENTED FILTER. 


With a view to ascertaining the comparative values of the different filtering media, 
four sets of average samples were taken from the segmented filter on June 27th— 
30th, 1904. The weather was dry throughout the actual experiment, but a slight 
rainfall occurred on the evening of the 26th. The temperatures were normal for the 
time of year, and there was not sufficient wind to affect the distribution appreciably. 


Hach segment was sampled separately, the liquid being taken from the centre of the 
segment hourly throughout the 24 hours ; the 24 samples from each of the four segments 
were subsequently mixed together in equal volumes, making four final samples in all. 
Judged by the eye, the samples did not appear to differ to any marked extent. 


The three sets of hourly samples of septic tank liquor, drawn for comparison with 
the effluents from the 4 segments on June, 27th—29th, 1904, were therefore also taken 
during practically dry weather. They gave the following figures :— 

















Parts per 100,000. Average. 

Total Nitrogen - - ae - . : - - (3°74 to 4:10) 3°97 
“ Oxygen absorbed ” from permanganate at 27° C. (80° F.) at once (1-21 to 1°89) 151 

* = 3 i at 5, in 4 hours (4:04 to 5°51) 4°81 
Solids in. Suspéenston:-- 2--) ane e - _- (4°15 to 4:90) 4:43 
Solids by Centrifuge (vols.) - = - - - - - (15 to 17) 15°7 

Ratio of Solids in suspension to Centrifuge Solids { wet ie 1 to 36 
Dissolved Oxygen taken up in 19 to 24 hours at 18° C. (5:0, 9:2 

and 102+ x)*- - - : - - - - . 8-2 approx. 








The above sets of hourly samples of septic tank liquor, drawn after the two tanks in 
series had run for a little over a year, without cleaning, were very slightly stronger in 
nitrogenous matter than the first set, but weaker as regards the permanganate figures 
and the suspended solids. But the differences are not really great, and here again we 
have evidence of the even character of the York septic tank liquor. 


The four sets of experimental effluents comprised twelve samples in all, viz.: From 
broken brick segment, Nos. 711, 716 and 721 ; from slag segment, Nos. 712, 717 and 722; 
from coke segment, Nos. 713, 718 and 728 ; from clinker segment, Nos. 714, 719 and 724.7 


The three individual samples included in each set were so near to one another in chemical 
composition that only the average figures for a set need be given here. They areas 
follows :— 








* In this last instance the oxygen of the diluting water was exhausted. 
+ It will be remembered that the clinker segment was much larger than the other three. 








‘ 
i 
1 
4 


See 
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Effluent from :— 

















Parts per 100,000. 
Broken Brick. Slag. Coke. Clinker. 

Ammoniacal Nitrogen - - 0-21 0:05 0:06 0:01 
Albuminoid Nitrogen - : - ee 0°15 0:12 0:10 0:10 
Oxidized Nitrogen” - - - : 2-48 2°32 approx. | 2°47 approx. 2 90 
Total Nitrogen - =H 098 - : 2°88 2°72 2°95 3:18 
Total Organic Nitrogen : : f ’ f 0:27 
“Oxygen absorbed” at 27° C. (80° F.) 

at once - - - - - 0°63 0-63 0:49 0:38 
“Oxygen absorbed” at 27° C. (80° F.) 

im 4 hours way . . 2°23 1:48 Lat 1-46 
Dissolved Oxygen taken up in 24 hours at 

about 18° C. - ay : 0:37 0:24 0:19 0:09 
Solids in Suspension - - - . 2°00 1°73 1:22 2°15 
Solids by Centrifuge (vols.) - > 30:0 29°5 24°4 33'5 
Ratio of Solids in Suspension to Centrifuge 
Solids 2 peas - ; 1: 15-0 RR 1: 20°4 12456 

Incubator test (Scudder) — - 3 - all + all + all + all + (practically) 

* (by smell) - 7 - all + all + all + all + 
Smell when analysed - - : all + all + all + all + 





Taking all these experimental effluents together, they are very good. It will be seen, 
however, that if we differentiate between them, the following is the order of merit :— 


1. Clinker. 
2. Coke. 
3. Slag. 
4. Broken brick. 
Between Nos. 2 and 8, there is really practically no difference. 
The foregoing experiment having been made between June 27th and 30th, 1904, we 


thought it well to test shortly afterwards—on July 19th—the comparative rates at which 
liquid coloured by fluorescin came through the different segments. 


The various filtrates showed :— (a) Faint colour; (0) Strong colour. 
Minutes. Minutes. 
1. Clinker (smallest material) 6 12 
2. Coke 9) 8 
Snclag* 8 9 
4. Broken brick } 2 24 
Excepting, therefore, as regards the difference between the coke and the slag, the 


order of the rate of percolation was the same as that of the purity of the effluent. 
Although the different filtering materials were all broken to be of the same size, the 
clinker was in reality much smaller than the other three, which did not differ much 
from each other in this respect. 


It is obvious, we think, that—assuming ample aeration in every case—that effluent 
should be the best which percolates most slowly through the filtering material; and 
assuming the main factors governing the rate of percolation to be the vesicular na‘ure 
of the material and its size and form, we should expect the clinker to give the best effluent 
and the broken brick the worst. The results actually obtained go to confirm these 
assumptions. 


With the volume of septic tank liquor treated on the filter at the time (360 gallons per 
square yard per 24 hours, or 140 gallons per cube yard), the differences in quality of 
effluent were not great ; were the volume to be increased, we should expect these differ- 


* The amount of effluent coming from the slag segment was very small, owing to a strong wind on that 
side of the filter. The result for this section may therefore be of no value. 


ences to be accent 


uated. 
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It would be of distinct interest to carry this experiment 


further by treating a larger volume of septic tank liquor on the segmented filter. 


Bacteriological notes. —From the bacteriological point of view it is not desirable to draw 
any final conclusions from the analysis of only a few samples. But, on the whole, it 


seems certain that the clinker segment yielded the best results. 


chemical results as already stated. 


This agrees with the 





Description of the 
Sample. 


Number of B. 
coli (or gas form- 
ing coli-like 





microbes). 

711* Percolation effluent) 1,000 not 10,000 
No. IL. brick segment (+ indol) 
28/6/04 (+ clot) 


716* Percolation effluent 
No. II. broken brick 
segment 29/6/04 


721* Percolation effluent 
No. II. brick segment 


30/6/04 


712* Percolation effluent 
No II. slag segment 


28/6/04 


717* Percolation effluent 
No. II. slag segment 


29/6/04 


722* Percolation effluent 
No. II. slag segment 


30/6/04 


713* Percolation effluent 
No. II. coke segment 


28/6/04 


718* Percolation effluent 
No. II. coke segment 


29/6/04 


7237 Percolation effluent 
No. II. coke segment 


30/6/04 


714* Percolation effluent 
No. II. clinker seg- 


ment 28/6/04 


719* Percolation effluent 
No. II. clinker seg- 


ment 29/6/04 


724*Percolation effluent 
No. II. clinker seg- 
ment 30/6 04 


10,000 not 100,000 
(— indol) 
(+ celet) 


10,000 not 100,000 
(+ indol) 
(+ clot) 


10,000 not 100,000 
(— indol) 
(+ clot) 


1,000 not 10,000 
(— indol) 
(+ clot) 


10,000 not 100,000 
(— indol) 
(+ clot) 


100 not 1,000 
(+ indol) 
(+ clot) 


10,000 not 100,000 
(+ indol) 
(+ clot) 


10,000 not 100,000 
(— indol) 
(— clot) 


100 not 1,000 
(— indol) 
(— clot) 





1,000 not 10,000 
(+ indol) 
(+ clot) 


100 not 1,000 
(+ indol) 
(+ clot) 








B.S.=Bile-salt glucose 


peptone test. 


N.R.—Neutral red broth | 


test. 
In.—Indol test. 


L.P.M.=Lactose peptone 


milk test. 


10,000 not 100,000 In. 
1,000 not 10,000 N.R. 
1,000 not 10,000 B.S. 


1,000 not 10,000 L.P.M. 


1,000 not 10,000 In. 
1,000 not 10,000 N.R. 
10,000 not 100,000 B.S. 


10,000 not100,000 L.P.M. 


10,000 not 100,000 In. 
100,000 N.R. 
10,000 not 100,000 B.S. 


1.000 not 10,000 L.P.M. 


1,000 not 10,000 In. 
1,000 not 10,000 N.R. 
10,000 not 100,000 B.S 


1,000 not 10,000 L.P.M. 


10,000 not 100,000 In. 
1,000 not 10,000 N.R. 
1,000 not 10,000 B.S. 


10,000 not 100,000 L.P.M. 


100not 1,000 In. 
1,000 not 10,000 N.R. 
10,000 not 100,000 B.S. 


1,000 not 10,000 L.P.M. 


1,000 not 10,000 In. 
1,000 not 10,000 N.R. 
100 not 1,000B.8 


10,000 not 100,000 L.P.M. 


10,000 not 100,000 In. 
10,000 not 100,000 N.R. 
10,000 not 100,000 B.S. 


1,000 not 10,000 L.P.M. 


1,000 not 10,000 In. 
1,000 not 10,000 N.R. 
10,000 not 100,000 B.S. 


10,000 not 100,000 L.P.M. 


10,000 In. 
1,000 N.R. 
1,000 B.S. 


1,000 not 
100 not 
100 not 
100 not 


100 not 
1,000 not 
1,000 not 
1,000 not 


100 not 
100 not 
100 not 
1,000 not 


1.000 In. 
10,000 N.R. 
10,000 B.S. 


1,000 In. 
1,000 N.R. 
1,000 B.S. 





1,000 L.P.M. 


10,000 L.P.M. 





10,000 L.P.M. 


B. Enteritidis 


| sporogenes test. 


100 not 1,000 


100 not 


1,000 


100 not 


1,000 


100 not 


1,000 


100 not 


1,000 


100 not 


1,000 


100 not 


1,000 


10 not 


100 


1,000 not 10,000 


10 not 100 


100 not 1,000 


10 not 100 





| 
{ 


| 


| 





Remarks. 
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SUMMARY. 


The sewage is, on the whole, a somewhat weak one, at least this was the case during 
the year 1903, when the average samples were taken. 


The settlement of solids by the precipitation process is fairly good, the respective 
figures for suspended solids in the hourly samples of sewage and precipitation liquor being 
21 and 8 per 100,000. In connection with this it should be borne in mind that, when 
these observations were made, only four or five tanks were available for the precipitation 
process, instead of the six originally designed for it. One of these was taken for use 
as a septic tank in 1900, and another in 1908. 


At the time of the drawing of the hourly samples of septic tank liquor it con- 
tained only 5°3 parts of suspended solids per 100,000, and the highest amount we found 
in any sample was 11'2 parts. ‘Taken as a whole, therefore, this liquor was com- 
paratively free from matter in suspension. On the basis of our results, the septic 
tank liquor showed a greater reduction in impurity, as compared with the original 
sewage, than the precipitation liquor, but it must, of course, not be forgotten that 
the flow through the precipitation tanks is three times as rapid as that through the 
septic tank. 


We have never observed any nuisance from smell either from the septic or from 
the precipitation tanks, while working, and it is worthy of note that, as a general rule, 
there is but little scum on the York septic tank. 


The septic tank sludge at York has proved so difficult to press, without the addition 
of a very large amount of lime, that all attempts to press it have been abandoned. It 
is now settled in a lagoon, where it gives rise to a slight smell. No difficulty has been 
found in emptying the tanks by pumping, and this process is unattenced with any 
serious nuisance. 


Nor is any serious nuisance caused hy the emptying of the precipitation sludge tanks 
or the subsequent pressing of this sludge. In consequence, however, of the very small 
demand for it, a large heap of the pressed cake accumulated on the works, and 
from this a nuisance did arise. Hence it was ultimately found necessary to get rid of 
this pressed cake altogether by burying it under two feet of soil, the smell being much 
reduced thereby. 


Both methods of preliminary treatment—septic tank and chemical precipitation— 
may be looked upon as having been successful on a practical scale at York, so far as 
the working of the tanks and the subsequent amenability of the liquors to further 
purification were concerned. 


All the filter effluents examined, both hourly and chance samples, were of excellent 
quality chemically, the only exception which might be taken to them being that some of 
the samples—judged from the standpoint of effluent alone—contained rather too much 
suspended matter. Many ofthe samples were also remarkably good bacteriologically. 
The general high quality of these effluents, notwithstanding the large volumes treated 
on the filters (860 gallons per square yard or 163 gallons per cube yard per 24 hours 
on filter No. 1; and 360 gallons per square yard or 140 gallons per cube yard on filter 
No. 2), is due, we think, to the following factors :— 


1. The septic tank liquor is nota very strong one, and it contains a comparatively 
small quantity of suspended solids ; 


2. The distribution on the filters is good; 


3. The construction of the filters and the size of the clinker in filter No. 1 appear 
to be appropriate for the treatment of the York septic tank liquor. 


No doubt, too, the uniformly good character of the effluent from these filters is in some 
measure due to their treating a constant volume of liquid. 


The results of the examination of the various hourly samples of effluent drawn from 
the segmented filter, No. 2, are of distinct interest. rom these results, it would appear 
that, in accordance with theory, the best filtering material is that which is of such size 
and nature as to retard the liquid longest in its passage through a filter, provided that 
there is ample aeration. 


We are indebted to Mr. A. Creer, city engineer of York, for much assistance in our 
work there, while our thanks are also due to Mr. J. Graham, the manager of the 
sewage works, 
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PREFATORY. NOTE. 


Though some of the Memoranda contained in this Appendix have only been written 
recently, in whole or in part, nearly all the data given in them were available for the Fifth 
Report of the Commission. <A certain amount of work of a later date is, however, included 
in this Appendix, with the sanction of the Commission. 


It will be noticed that the Appendix is printed in type of two sizes, but it must not be 
inferred from this that the Memoranda in the larger type are considered to be of more 
importance than the others. The smaller type has been used in the Memoranda which 
have been set up somewhat recently, in accordance with a regulation of the Stationery 


Office. 


Although the name of our colleague, Mr. G. B. Kershaw, hardly appears in this 
Appendix, we have been much indebted to him for his help and co-operation in many 
ways. 

GEORGE McGOWAN. | 
December, 1909. A. C. HOUSTON. | 
COLIN C. FRYE. 





NOTE BY DR. McGOWAN. 


The chemical methods followed in the work of this Appendix have already been fully 
described in the Fourth Report of the Commission, Vol. IV., Part V. (1904). It is therefore 
only necessary to add a few words here. 


Determination of “ Free” and “ Albuminoid ” Ammonia—kExcepting in the case of 
the earlier samples from Ilford, and the samples included in Accrington Experiment No. 1, 
up to November, 1905, this determination has been made with ammonia-free water distilled 
in glass, after being slightly acidified with sulphuric acid. There were therefore only 
a very few doubtful results arising from the use of continuous-feed copper-still water 
(cf. Appendix III. to Fifth Report of Commission, Prefatory Note). 


“ Oxygen Absorbed’ Test—Unless where it is otherwise stated, this test—in the 
case of sewage liquors and of effluents—has invariably been carried out with “ strong,” 
.<., “9 permanganate. In the case of the Lincoln waters, the ‘‘ weak ” aly permanganate 
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commonly employed in water analysis was used. 


Determination of Dissolved Oxygen and of Dissolved Oxygen Absorption.—This has been 
done by Winkler’s manganese method, as modified by Rideal and Stewart. 


Some of the earlier chemical laboratory work connected with the [ford experiments 
was carried out by Mr. R. 8. Finlow, B.Sc., now one of the Agricultural Chemists to the 
Indian Government, and most of the other work up to the autumn of 1905, by Mr. R. B. 
Floris, F.1.C., now Chief Chemical Assistant under Dr. Houston, Director of Water 
Examinations, Metropolitan Water Board; Mr. E. H. Richards, B.Sc., who was subse- 
quently in charge of the experimental station at Dorking; and Mr. A. C. Carter, F.L.C. 
The later work of this Appendix, from the end of 1905, has been done by Mr. Carter, 
Mr. A. F. Girvan, B.Sc., and Mr. W. G. Wintersor, B.Sc. I can only repeat here what 
was said in the Prefatory Note to Appendix III. of the Fifth Report, with regard to 
the work done by these gentlemen for the Commission, viz., that it has been carried out 
with great care and thoroughness, and ingenuity also when occasion called for this. 
Personally, I would desire to offer them my hearty thanks for the constant and willing 
help that they have given to me. 

| GEORGE McGOWAN. 


NOTE BY DR. HOUSTON. 


| I have acknowledged in the bacteriological Reports my great indebtedness to my 
- assistants, and I can only repeat here that without their help and co-operation the work 
~ could never have been carried out successfully. 

A. C. HOUSTON. 


(6225), 1,250. Wt. 26170. 2/10. Wy. &S. 3562r. 
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MEMORANDUM AS TO THE BEST METHOD OF EXPRESSING 
OR MEASURING “STRENGTH” OF SEWAGE AS AFFECTING 
PURIFICATION. 

Revised December, 1909. 


By Dr. G. McGowan. 


Sewages vary greatly as regards the amount—and, in certain cases, the nature—of 
the organic substances which they contain, but up till recently we are not aware of 
any comparative quantitative experiments having been made with the object of testing 
whether, given equal aggregate amounts of organic impurity, it is easier to purify one 
volume of a strong sewage (a) or two volumes of a dilute sewage (6), the latter (6) being 
made up of one volume of (a) and one volume of water.. 


The recent observations made for the Commission on the experimental filters at 
Accrington* showed that 100 gallons per cube yard of septic tank hquor, of average or 
above average strength, were rather more easily purified on percolating filters of coarse 
material, 9 feet deep, than 200 gallons of liquor of half the strength ; 7.e., the percentage 
purification was slightly greater in the former case. In the case of contact beds filled 
with rather fine and graded material, and treating an average of 80 gallons per cube yard 
per 24 hours, the reverse was the case; ?.¢., it was found somewhat easier to purify the 
weak liquor than the strong. Without going into further detail here on this complex 
question, which is discussed under the ‘‘ Accrington Experiments,” we think it may be 
taken broadly that, within ordinary limits of organic concentration and of volumes treated, 
there is no very marked difference between the two cases ; in other words, it is the amount 
and nature of the organic impurity present which mainly determine in practice the ease 
or difficulty of purification. 


It follows from this that a determination of the “strength ” of a sewage, even if 
it be only approximate, must be of great practical value for estimating the size and, in 
some degree, the type of plant which is required to purify a given volume of it. 


We are satisfied that “ strength ” of sewage, as affecting purification, can at the 
present time be best expressed and measured in terms of the amount of oxygen required 
for the complete, or practically complete, oxidation of its organic matter. At the same 
time it has been suggested by Dr. Adeney that this might with advantage be supplemented 
by a determination of the amount of oxygen which the sewage could take up from air 
or from water within a short period, say 48 hours, with the object of learning whether 
it contained more or less than the normal quantity of matter which was quickly oxidizable. 
The comparison of the figures for “ oxygen absorbed ” from permanganate, at once and 
im 4 hours, also gives information upon this latter point (c/. p. 4). 


As Dr. Adeney has shown, the oxidation of sewage by oxygen dissolved in water, 
through the agency of bacteria, takes place in two distinct stages, the carbonaceous matter 
being first oxidized to carbonic acid and water, and then the ammonia converted into 
nitrite and (finally) nitrate.. When a known volume of sewage is diluted with a large 
excess of well-aerated water, or when it is only slightly diluted and the mixture is kept 
shaken up in a stoppered bottle containing a plentiful supply of air, it gradually undergoes 
oxidation, as above. By measuring the amount of oxygen taken up, the degree of 
oxidizability or “strength” of the sewage can be arrived at. 100,000 parts by weight 
of sewage may,in this way, require from 30 to 250, or even more, parts by weight of 
oxygen for its complete—or nearly complete—oxidation. 


It might be argued that, since some constituents of sewage (the more offensive 
constituents, speaking generally) are more quickly oxidized than others, it would be better 
not to consider the oxidation as a whole, but fractionally ; in other words, to express 
the “ strength ” of a sewage in terms of the oxygen required to act only upon the more 
readily oxidizable matter present. That the oxidation of a sewage, in presence of excess 
of dissolved oxygen, does proceed at a much greater rate in the earlier than in the later 
stages is well known, and it may be illustrated by the appended table, referring to 
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* Cf. This Appendix, pp. 31 and 56. 
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a domestic sewage (paper-filtered). In this case the following quantities, by weight, of 
oxygen were taken up from water by 100,000 parts of sewage :—* 


In one day (24 hours) - “ - sla - - 168 
In two days - - - - - - - - - 205 
In five days = => = a EE ES Oe 
In twenty-one days’ - - - - - - - 703 
In twenty-eight days - - - - - - - 796 
In one hundred and twenty-two days - - -  - 1011 


In the first five days, therefore, more oxygen was taken up than in the following 
sixteen. | 


We think, however, that there is a practical argument which—in the present state 
of our knowledge—tells against the measuring of the “ strength ” of a sewage fractionally, 
7.e., against laying most stress upon the rate of oxidation, viz., if it were only the more 
quickly oxidizable portions which required to be considered, say, 50 per cent. of the whole 
oxidizable matter, then an effluent which showed 50 per cent. purification on the original 
sewage (as judged either by the rate of dissolved oxygen absorption or by any other recog- 
nised test) would be good enough for practical purposes. As a matter of fact, speaking 
generally, no effluent per se can be considered reasonably good, from any standpoint, 
unless it shows not less than 80 per cent. purification on the original crude or screened 
sewage. It seems, therefore, a fair inference that, in considering the strength of a sewage, 
its complete (or nearly complete) oxidation should be taken as the practical basis. 


Table A gives some data with regard to the amounts of oxygen required for the 
oxidation of various sewages, etc., in good tap water under aerobic conditions; as will 
be seen by reference to p. 3, this table is only intended to be construed broadly. The 
dilutions used for these oxidations should be such as to allow of a distinct excess of oxygen 
being present up to the end of the experiment, but, on the other hand, they should not 
be too great; extreme dilution lessens for a time the degree of absorption of dissolved 
oxygen by the sewage, no doubt because it diminishes the number of the bacteria and 
also the amount of pabulum in a given volume of the liquid. 


To carry the oxidation of sewage in water to its extreme limit requires a long time. 


The reaction is of course facilitated if the temperature is not allowed to fall too low; 
our own experiments have been made either at a temperature of about 18°-22° C. or at. 
laboratory temperature. From the results of a considerable number of laboratory experi- — 


ments, we thought that a period of about two months might be generally taken as sufficing 
for the oxidation of nearly all the oxidizable matter, excluding (to some extent, at least) 
cellulose and fat. Later results, however, appear to show that this may be too short 
a time under ordinary conditions of experiment. Though we have not made enough 
observations on the point to speak definitely, we are satisfied that the oxidation of cellulose 
and fat in diluted sewage, under the aerobic conditions of our experiments and at ordinary 


temperatures, is slow.¢ In practice, however, there are but few instances of the treatment — 


of crude sewage on biological filters, and the amounts of cellulose and (probably) of fat 


which are present in the liquids usually treated (settled sewage, septic tank liquor, and 


precipitation liquor) are relatively small. 


By making use of a mechanical shaker, attached to a suitable gas apparatus, Dr. 


Adeney { recently succeeded in oxidizing strong septic tank liquor by means of atmo- 
spheric oxygen, with only slight dilution by water, while he at the same time followed the 





Po 


* These “aerations ” were done upon Ealing sewage (paper filtered). They were carried out in well- 
stoppered, but not jointed, bottles, which were kept in the incubator at about 18° C. (the incubator was. 


noted for the last of the samples and may be taken for granted in the other cases). In the last of the six, the 


‘oxygen in the gas which collected at the top of the bottle was determined and deducted (without the 
deduction this figure was 106°3). It was not allowed for in the other cases, but would have been immaterial 
in the first three, at all events. 


+ One part of cellulose, by weight, requires only 1-2 parts of oxygen for its complete oxidation, while 
one part of fat requires nearly 6 parts of oxygen. Tri-palmitin C, H; (OC,, H3, O); is taken here to represent 
fats generally. 


t Fifth Report of the Royal Commission on Sewage Disposal, Appendix VI., p. 101, The Pollution of F 


Estuaries and Tidal Waters, by Professor Letts and Dr. Adeney,. 
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¥ No.2 (March 14th, 2-82 1-27 0:78 5-08 43-0 57 99 = 1: 60 — 18 
1906). 
* No. 3,662 - - 4-94 1-67 1-10 6-51 78-0 56 99 = 1: 86 + 18 
» No. ¥ (May 29th,| 3-25 0-98 0-64 4-58 57-8 251 99 Jointed 1: 9-4 + 29 
1906). 
Chorley, No. 3,681 - - 3:32 0-78 0-40 3°92 42-6 56 99 — le Tt — 3 


Dorking, No. 186 - : ; 6-38 1°31 1-28 5-84 69:3 56 - 149 = 1: 69 : oo. 5: 
: 1: 68 16 


Averalge of six - 





* The figures in this column are not corrected for the small quantity of oxygen in the gas evolved during ‘the aeration ; this correction is usually, however, not a very large one, as will be seen by referring to Note {j, and to Addendum, p. 9. 


Thi 1-8 is inferred, as double the albuminoid nitrogen, 0-9. ‘ 
| It is ae Se dat peer containing the dilutions of Nos. 92* and 91* may have been mis-labelled ; this is, however, so unlikely that they may be accepted as correct. 


§ In the case of this sample the ratio of “ oxygen absorbed ” at once to that in 4 hours was quite abnormal, no doubt because of the trade refuse present. A fairly average ratio for a septic tank liquor is about 1: 3-5. Applying this here, we 
get a normal 4 hours’ “ oxygen absorption” of 8-04, which figure has therefore been taken instead of 13-85 for the above calculation. 

|| This figure 1-5 is inferred ; it will be nearly right. Z 

{| Three estimations were made here, the total oxygen taken up being 
(c) 126-9. 
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(a) 121-7, (6) 123-2, and (c) 129-4 parts, respectively (mean = 124-8): correcting the two last for the small quantities of gas evolved, the figures become (0) 120-0 and 


B3 





- ; =e. 
: (fx ce Vara te 
m aie nS My m 
4 Fo 
a 
be ‘ 
‘ 
* 
; 7+ erm temee ot 
} 
ey 
Pa» 
. 
of j 
: ‘ 
; “" 






+ 


+ AAAS Vb 
y oo at apyatidy : 


eR aS 


Li 
. 
{ 
TVX 

| 

4 ? 
i 
: Sod 
- if 
t 
| chs I st) beds 
: 
; I ek a { 
s 
Pe 
- > ; ‘ i } 
4 

i? i 
Py 
TE aee if Sk : 42) 


Ee 
fia 3 
’ i Fe 
pid t 
t 
4 
i 
ie', 
be hoe ee 
i) + 4 


4 
bz 
th : 
ag 
4 , is ¥ 
.f } 
\ { } ; 5 + « 
) : aes re 
a | 4 q ‘ 
; : rt 
~ t ~~. : 4 
} 
5 
{ = 7 a 
‘ ce a : 7 
a ; J 7 
, . 
Sy ” 
a a 
\ th be ee : aa) ae ; 
< . Hl 
} ; Fl ; e i 
oe - M4 ~ Lg 
{ Sih i | Pata i 
a 1s t a 
7 { £ 
} F urs y * —— iret 
; 1 ag) ee PU rae 
; ke 5 tt ’ Go ’ 


> 
“" 
oa 
- 
ow 
— 
— 
~ 
<p 
. é 
~~ 
* 
i 
er? 


OR mes ee lie 


. vs Sern epee or 


i) FOC A LAE “uh Pie vias 18) fon Tit agian ri 
: Pty ie ase Lgehige st Hin wits abichuale wl ber Set ir e 
‘gat Uc 20) hu én he piigimabaiogs, sgllsug get. seat, 
fee) i oboe prabwlets SPT Ae; it bode 
frotdands nats a dslitw aS te. 2 oie 
Rai vbsast:: sith | 


{$y} Batad-ag sealncatagan p75 pat AOaBy chins o> upon 


2. es gy 
~ . + 
Te TR Sine 


betthe. hE ie. 





oo = <a ( * , 
ta : A is 5 
fe r eo. 
5 7 
; ime 
: 5 
ie) Se =e 
’ Pi re gees Cn te 
: fi : a. roy 
~ < 4 Te) ’ me be 
7 eid ent a 
~ Pre ieee 


3 


course of the reaction by determining at different intervals of time the quantity of oxygen 
required by a known volume of the liquor. In this way he reached the nitrification stage 
of the process in twelve days’ time. The method is-thus a great advance, as regards time 
required, upon the dilution method. 


Although Dr. Adeney has not, so far, been able to make many oxidations of sewages 
by this process, there can be no reasonable doubt of its accuracy, and we think it is safe 
to say that it furnishes at present the quickest available means for arriving directly at 
the “ strength ” of a sewage or sewage liquor. Apart from the great saving of time, as 
compared with the old dilution method, it avoids the drawbacks inherent in what may 
possibly be too great dilution ; on the other hand, it is probably not so easy to carry out 
in practice. 


We have long intended to make some quantitative experiments for the Commission. 
upon the amounts of atmospheric oxygen used up by different sewage liquors in their 
passage through a small laboratory biological filter, kept under as constant conditions 
as possible, and we hope eventually to do this. Mr. Scott Moncrieff, already working 
upon these lines, constructed some years ago a portable experimental filter for the use 
of sewage works. It ought not, prima facie, to be impossible to keep such a filter in a 
condition in which it would oxidize (or better, purify) in a given time a given quantity of 
some standard solution, containing carbonaceous and nitrogenous matters in approximately 
the same proportions as these'are present in sewage. The actual oxidation of the sewage 
under investigation would be on the lines of that effected by an ordinary biological 
filter, with some loss of nitrogen, and the quantity of oxygen used up in the process would 
be determined. Dr. Adeney failed to obtain the complete oxidation of sewage upon such a 
filter, 7.e., there was always some loss of nitrogen in the process. 


100,000 parts by weight of an average sewage will take up about 100 parts by weight 
of dissolved oxygen in two months or more, an average septic tank liquor about 80 parts, 
and an average precipitation liquor about 60 parts. Those “ average ” estimates are, 
however, only to be taken as rough approximations. 


Although the 4 hours’ “ oxygen absorbed ” test cannot be taken as measuring accur- 
ately the carbonaceous “ strength ’ of a sewage,* our experience leads us to consider 
it (using a large excess of strong acid permanganate) a good rough guide for arriving at the: 
degree of oxidizability of domestic sewages and tank liquors, apart from the cellulose: 
and fat which these contain, and also apart from the ammonia and organic nitrogen. 
‘The acid permanganate solution which is used in the above test has no action upon ammonia. 
or cellulose and not much action upon fat; it therefore leaves out of account entirely the 
ammoniacal portion of a sewage. From a few quantitative experiments which we have. 
made on the point, acid permanganate probably decomposes to some extent the organic. 
nitrogen compounds present, without, however, oxidising any of the nitrogen to nitrite: 
or nitrate. Some more work is required on the subject, but 1t may be safely taken that. 
organic nitrogen, like ammonia, is not oxidised in the above test. 


1 part (7.e., molecule) of ammonia requires 4 parts of oxygen for its complete oxidation. 
to nitric acid and water ; as the ammonia in a sewage or tank liquor can be quickly deter- 
mined, the amount of oxygen required by theory for its complete oxidation is at once: 
known. The same thing applies to the nitrogen of organic nitrogen compounds, considered. 
as ammonia, though its determination is somewhat more troublesome than that of the 
free and saline ammonia. Further, if we assume that nearly all the carbonaceous matter 
(excepting cellulose and fat), together with the organic nitrogenous matter and ammonia, 
would be oxidised in two months or a longer period by excess of dissolved oxygen in tap: 
water, then the excess of oxygen, over that required by the ammonia and organic nitrogen, 
would have been taken up by the carbonaceous matter of the sewage. That there is appar- 
ently a fairly approximate, though by no means exact, relation between the “ oxygen. 
absorbed *? from strong acid permanganate in 4 hours and the dissolved oxygen taken up 
from tap water by the carbonaceous matter of a sewage—apart from the ammonia and 
organic nitrogen considered as ammonia—is seen from Table A. 


This table hardly requires explanation. Column 1 gives the ammoniacal 
nitrogen; column 2 the organic nitrogen; columns 3 and 4 the “ oxygen absorbed ” 
from strong acid permanganate at once and in 4 hours; column 5 the dissolved oxygen 
taken up during the long aeration-; and columns 6 and 7 the number of days over which 





* Cf. Letts and Adeney, loc. cit., pp. 44-45. 
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the aeration extended and the degree of dilution of the sewage, etc., with tap water. — 


Column 8 gives the ratio of the “‘ oxygen absorbed ” in 4 hours to the dissolved oxygen 
taken up during the long aeration, mmus the oxygen required by theory to oxidize the 


ammonia to nitrate; column 9 the ratio of “‘ oxygen absorbed ”’ in 4 hours to the dissolved — 


oxygen taken up during the long aeration, minus that required by theory for the oxidation 
of the ammonia plus the organic nitrogen, considered as ammonia ;_ while column 10 is 


the same as column 9, excepting that here the oxidation of only two-thirds of the ammonia 


and organic nitrogen is allowed for. The reason for adding this last column is that, in 
the practical biological filtration of sewage liquors, there is always a large loss of nitrogen 


in the gaseous state (i.e. unoxidized nitrogen), which we think may be taken, roughly, ~ 


at one-third of the whole.* The percentage deviations from the mean figures are also 
given for columns 8, 9, and 10. 


Summarizing the averages of the above ratios, we get, provisionally :— 


Column in Table A. 8. 10. 9. 
For sewage - - - - ancl Ge 3. sas: Bevery 
For septic tank liquor : - 2) OF] ee 1 hoe 1 0 
For precipitation liquor = - - SEBEL eS Higa ice i 1 or 


The respective average ratios in columns 8 and 10 are necessarily very much alike, 
while those in column 9 are of course smaller. 


By applying the results given in Table A, it would appear that the relative “ strength ~ 
of a sewage liquor can be arrived at rapidly, with a fair degree of accuracy, by estimating 
the ammoniacal and organic + nitrogen and the “oxygen absorbed” from strong acid 
permanganate at once and in 4 hours at 27°C. (80° F.), and afterwards making use of 
one of the following alternative formule :— 


| For Sewages. (Ammon. + Organic N.) x 4-5 § + (Ox. abs. in 4 hrs. x 6-5). 

t (1) Column 9.- For Septic Tank Liquors. bs 5 sa’ (a es 5 < 6-5). 
For Precipitation Liquors. 3 fe ‘5. § tae ane h < oh 

For Sewages. (Ammon. + Organic N.) x 3-0 || + (Ox. abs. in 4 hrs. x 8-0). 

(2) Column 10. + For Septic Tank Liquors. 2 a fetes 5 < 8-0). 
For Precipitation Liquors. » ‘5 » +t. 4 x, 75). 

For Sewages. (Ammon. N. x 4:5) + (Ox. abs. in 4 hrs. x 8-0). 

(3) Column 8.+ For Septic Liquors. x A! +(,, at KETSG). 
For Precipitation Liquors. ‘55 7 +(,, i x 7-5). 


The variations in the individual ratios given by the same kind of sewage liquor in 
Table A are too great to allow of this method of arriving at their “ strengths ” being 
more than approximate. Probably the variations would have been less marked if all 
the long aerations had been carried out in mercury-jointed bottles, and if the small 
quantities of gases evolved had been allowed for. — 


A sewage or sewage liquor might at times contain a large proportion of some readily 
oxidisable substance or substances from trade wastes, which would raise the figure for 
‘‘ oxygen absorbed ” in four hours to an undue extent—an extent out of all proportion 
to the increase in the long aeration figures. But in such a case the “ oxygen absorbed ~ 
at once (or in 3 minutes) would also be markedly raised. As a rule the “ oxygen ab- 


sorbed” at once from “‘ strong” (ie, 7 permanganate is, in sewage and precipitation 


liquor, something like one-fourth of that absorbed in 4 hours (1:40), though there 
is no absolutely strict ratio; in septic tank liquor the average ratio appears to be rather 
less than this, about 1:3°5. Hence, any abnormality like that imdicated above could 
_ be readily allowed for, by deducting the abnormal excess of the figure for oxygen absorbed 
at once from the four hours figure, before bringing the latter into the calculation. The 








* Cf. Fifth Report of the Commission, p. 150. 

+ If only the ammoniacal and albuminoid nitrogen are estimated, the organic nitrogen may be taken 
as being approximately twice the albuminoid. 

+ These No. 1 formule are the ones which have up to now been used for calculating the “ strengths ” 
of sewages, septic tank liquors, and precipitation liquors, both in the Fifth Report of the Commission and 
in the Appendices to that Report which deal with the subject. : 

§ The figure-4-5 is got from the molecular proportions :— 

O.X4 128 gay 


N, 28 





|| The multiple 3 represents the proportion of oxygen required for the oxidation of two-thirds of the . 


total nitrogen, leaving out of account the nitrogen which may be lost in the biological filtration (cf. above ) 


/ 





- 
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sample of septic tank liquor from Rochdale, No. 3687, which is given in Table A, is an 
instance of this. On the other hand, the ratio may rise as high as 1: 6, e.g., in the case 
of a sewage containing much brewery refuse. Such a sewage would therefore, in theory 
as well as in practice, be difficult of oxidation. | 

As has been already said, the foregoing method of arriving at “ strength ” of sewage 
has no claim to anything like absolute accuracy. It receives practical support, however, 
from the results of observations which have been made for the Commission upon the 
quantities of different sewages and tank liquors treated per cube yard of filtering material, 
by different processes, at a large number of different works. We therefore bring it forward 
here as offering a basis for arriving quickly at the approximate relative strength of a 
sewage or tank liquor, and as an aid to estimating within reasonable limits the area of 
filtering material required for its efficient purification. Of course, average hourly samples 
of these liquors, drawn according to rate of flow over a sufficient period of time in dry 
weather, must be taken for analysis. In the light of further experiment and experience, 
the simple formuls given on p. 4 may probably have to undergo some modification. 


Although we think that the foregoing formule No. 1 may be used with advantage for 
purposes of practical calculation, it is obvious that they do not take account of all the 
factors in the case. The question of cellulose and fat in sewage has already been touched 
upon. Reference has also been made to the fact that, although it requires in theory 4 
molecules of oxygen to completely oxidize 1 molecule of ammonia, in the actual biological 
filtration of sewage liquors a considerable portion of that ammonia—say, 30 to 40 per 
cent.—is always evolved as nitrogen, 7.e., some of the nitrogen probably never reaches the 
nitric acid stage of oxidation. From the filtration experiments made for the Commission 
upon distillery refuse,* it would appear that the more carbonaceous matter there is in the 
hquor, relatively to the combined nitrogen present, the greater is the percentage loss of 
nitrogen as such. ! 

Tables B. and C. give the calculated “ strengths ” (by No. 1 formule) of a number of 
sewages (crude and settled), septic tank liquors and precipitation liquors, based upon 
the analyses of the hourly samples of those which were examined for the Commission, 
the actual figures of analysis being given in the various reports which have already been 
presented. f 

In Table B., which deals with crude sewage, besides the figure for calculated “ strength,” 
those for “ oxygen absorbed” from permanganate in 4 hours, “ oxygen absorbed ” in 
4 hours minus that absorbed at once, chlorine (minus the chlorine of the water supply), 
ammoniacal nitrogen, and organic nitrogen are given. Putting these figures into the 
form of curves it is seen :— 

(a) that the 4 hours “ oxygen absorbed ” curve runs comparatively evenly 
with the “ strength ” curve, excepting where the sewage is highly ammoniacal 
(as at Caterham and, in a lesser degree, at Andover), when the curves cross 
each other. 

(6) The two curves for “ oxygen absorbed ” an 4 hours and for “ oxygen . 
absorbed ” (2n 4 hours minus at once) run practically parallel throughout, except- 
ing in the few cases where the “‘ oxygen arbsorbed ” at once is either exceptionally 
high or exceptionally low. 

(c) The curve for ammoniacal nitrogen bears no relation to that for “ oxygen 
absorbed ” in 4 hours, but the curve for organic nitrogen is to some extent of the 
same type as that for “ oxygen absorbed.” 

(d) The curve for chlorine (after deducting the chlorine of the water supply) 
agrees sometimes with that for ammoniacal nitrogen, but bears no relation to the 
other curves. 

The foregoing summary may be said to hold good, broadly, not merely for the domestic 
sewages examined, but also for those containing trade waste, excepting that in the latter 
case allowance may have to be made for any abnormality in the figure for “‘ oxygen ab- 
sorbed’ at once or in 3 minutes (cf. p. 4). It may therefore be said that, in default 
of a determination of oxygen taken up from air or from water, and excepting in the case of 
a highly ammoniacal sewage, the two “ oxygen absorbed ”’ tests, taken together (using 
excess of strong permanganate), give a very fair indication of the nature and “ strength ” 
of a sewage; but, of course, not such a good indication as when they are conjoined with a 
determination of the ammoniacal and organic nitrogen, when the ratios above mentioned 
can be calculated. 


* Sixth Report of the Commission, Appendix III., p. 43. 
+ Fifth Report of the Commission, Appendices III. and IV. 
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TABLE B. 
CrupE SEWAGES (HOURLY SAMPLES). 


a 














os 2 

== S xo Sol sleibigs i 

ai gig tye [RSE 3 a d 

rE [S48 |Sdee| gee | 22 |. Be 

(A) Domestic on MAINLY 
DoMEsTIC. 
Clifton - - - - - 24-7 26-1 20-2 8-07 2:26 
Calverley (B) - : = : 24:5 29-6 22-1 14-4 2-98. 
Normanton - : - : 23°5 29-3 22-9 14-6 3-09 
Little Drayton (B) - 20-5 24-4 18:3 10-2 2-76 
Caterham - - : - 19-5 18-0 12-3 12-2 3°87 . 
Withnell (A) - - - . Lica eee 21-2 16:3 8:3 2-67 
Hampton ion) 2s 2at Shathe appe 17-8 12:8 13-5 3-14 
Accrington - - : : 12-1 13-5 10-5 — 2-13 
High Level 
Hendon - - 11-0 13°1 9:7 — 2-0 ap. 
Low Level 
Andover (A) - - - - 10-8 10-0 7:0 — T37 2-22 
Newton (B)_ - - - - 10-6 12:3 9-2 9-9 43 ap. t 1:44 ¢ 
Chorley - - - - - 10-6 12-2 9-2 7:2 3:96 1-91 
Halton - - - - “ 10-3 11-8 9-3 6-7 4-74 1-05 
Oswestry - : - 99 11:3 8-4 86 3°53 2-25, i 
Dorking (experimental) - : 9-6 10-0 7-6 —_— — 4-65 1-92: _ 
Kingston - - - - 9-4 10-7 7-4 7:8 3°85 1-63. 
Ilford (experimental) — - - oi 9-7 68 16-9 4-89 1-29 
Horfield - - - - - 8-8 9-4 6-5 5-4 3°80 2-19 
Kiowle<itgieee ton ireat st 7:8 8-Thwe 6-2 6-1 4-02 1-70 
Exeter (St. Leonard’s) (B) —- 6-0 4-4 3:3 5-0 2°86 PNS¥6 
Slaithwaite  - - - - 4-] 4:6 3-4 3°9 1-66 0-89: 
Prestolee = - = =) > 2-6 3-6 2-8 1-37 0-42 0-27 
(B) SEWAGES CONTAINING CON- 
SIDERABLE OR MUCH TRADE “ 
WASTE. 

Rochdale : - - - 20°3 26:6 17-7 £129: 2. 4-16 2-60 
Guildford - - - - 19-4 22-0 17-0 a 7:39 3°95 
Exeter (Main Works) - - 16-5 19-9 14-4 9-6 4-67 3°23 
Maidstone’ - - - - 16-4 21-0 16-6 5-0 3°51 2-62. 
Hartley Wintney (B)_ - - 15-5 18-6 13:5 — 747 3°28 
York - - - = id 11-5 13-8 11-4 76 2-58 1-31 


* Strength calculated from Formula in Column 9 of Table A. 
+ The actual figure has been divided by 10, in order to make the comparison with the “Oxygen 
absorbed” figure easy. t Inferred. 


eee eee oe le 
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TABLE C. 


“CALCULATED “STRENGTHS” OF Sewaces, Septic Tank Liquors, AND PREcIPITATION Liquors (HouRLy 
SAMPLES), ACCORDING TO ForMULA IN CoLuMN 9 oF TABLE A. 





Crude Sewage. | Settled Sewage. — Septic Tank Precipitation 
Liquor. Liquor. 
(A) Domestic or MaINiy 
DomEsTICc. 

“Clifton - - : - 247 123 
‘Calverley (B) - - - 245 pit) site 124 
‘Normanton - - - - 235 — — 112 
‘Little Drayton (B) are 205 165 
Caterham - See - 195 Le 161 
‘Withnell (A) . - - 174 — = 81 
Hampton ~- - = : 172 
Accrington - - - . 121 — 92 

High Level 
‘Hendon - | 

Low Level 


69 Al. F. 


Dorking (Experimental) : “%. 95 80 82 


\ 56 Al, F. + lime. 
‘Kingston - oT es : 94 — oo 51 
Ilford (Experimental) - a eae a1 
Horfield Stee ie : 88 
Knowle - - : : 78 
‘Exeter (St. Leonard’s) (B)_ - 60 
‘Slaithwaite - - - ; 41 
Prestolee - s : : 26 
({B) CoNTAINING CONSIDER- 

ABLE OR MUCH TRADE 

WASTE. 
Rochdale -~— - z : 203 
Guildford - - : : 194 
‘Exeter (Main Works) - . 165 
Maidstone - - - : 164 
Hartley Wintney (B) - 155 


York - - : 3 5 ee 


110 58 
Andover (A) - 108 - 90 — 
‘Newton (B) - - [ee 106 122 : 
i 2 a ae ed 106 — — eo 50 
FHialton 7 feat ime © oS ie 103 efts0) : 
Oswestry - - : : 99 ‘s 91 
—_ 58 63 
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Table D. gives (1) the population draining to the various works; (2) galions 
per head per day, and (3) gallons per head multiplied by calculated “strength.” This 
Jast column ought in theory to give approximately the same values for domestic sewages, _ 
-but it will be seen that the figures in it differ widely. As a rule those places with a small 
population and a small flow per head give a low figure for “ aggregate strength.” The 
high figures in this column for the places with large quantities of trade refuse in the sewage 


are very marked. 



































sae PS ke TABLE D. | ; 
ating Gallons Per Head. < Catelsted Sten 
(A) Domestic or Manny Domestic 
SEWAGES. : 
Clifton - - - < - : 2,000 11-0 
Calverley (B) Mee Se Gey, 5-2 
Normanton - - - . = 12,600 13-9 
Little Drayton (B) - - - - 1,550 7:7 
Caterham - - - - 1,300 . 13-0 
Withnell (A) - - - - - 1,650 9-0 
Hampton a ee + 6,500 27-7 | 
Accrington - - : : - T 46,300 25-4 | 
aan ' fe | + aE Nes | 
endon ; 
Low Level | | 

Andover (A) - - - - - + 5,000 30-0 
Newton Byes: (a teeee age 9,000 23-) 
Chorley = ee - : . T 27,000 | 33°0 
Hateea co 7 oe. eee ae 2,000 | 17-5 
Oswestry - - : : - T 9,800 35-7 | 
Dorking (experimental) -- - - — — 
Kingston s)he ee ae tiga t 53,450 51-4 
Ilford (experimental) - = a | 
Horfield << Sa) ey ae 2,500 | 15-2 ! 
Knowle, 23) oe ee t 1,600 | 25-6 
Exeter (St. Leonard’s) (B) EE T 1,200 ! 33-0 
Slaithwaite = - : : - : 3 000 | 46-6 
Prestolee - eee - : 500 | 36-0 
(B) Sewaau ConTAINING CONSIDER- | 

ABLE OR MUCH TRADE WASTE. 
Rochdale - - . - - 52,000 | 25-2 
Guildford - : - : ; T 16,000 25-0 
Exeter (Main Works) - - - + 38,000 | 34-0 
Maidstone J -  f) - + 34,000 | ree fe 
Hartley Wintney (B)_~— - : . T 1,600 | 28-0 | 


LY Griz = - “ - - - (2) 80,000 | 53-0 








Note. 7 Signifies that the whole of the population drains to the works. 
* The actual figure obtained has been div:ded by 100 for simplicity. 


y 


a 


Note :—A modification of the above formula, based upon experimental results, may 
also be applied to effluents, and in this way a figure may be obtained, showing approxi- 
mately, in terms of dissolved oxygen used, the purification effected per cube yard of a 
given filter. 


GEORGE McG ; 
February, 1907. E McGOWAN 


ADDENDUM. 


- 


Since the foregoing Memorandum was written, further determinations have been 
made of the absorption of dissolved oxygen by 2 samples of sewage, 2 of septic liquor 
and 2 of precipitation liquor. The gases evolved during the aeration have been analysed 
in the case of 7 sewages, 7 septic tank liquors, and 3 precipitation liquors (most of which 
were included in the foregoing Memorandum, but without a correction being then made 
for the evolved gases). Z 

The additional results obtained are not sufficient to justify any further detailed state- 
ment at this stage, but they suggest the modification of the “strength” formule, No. 1, 
somewhat as follows :— 


For Sewages. (Ammon. + Organic N.) x 4-5 + (Ox. abs. in 4 hrs. x 6-0). 
For Septic Inquors. ” ” ” a ( 9 ” x 6-0). 
For Precipitation Liquors. if a eee 2 x 5-0 (2) ). 


The above are not yet, however, brought forward as alternative formule to those 
of No. 1; further data must be accumulated before any definite statement can be made. 
Still, so far as they go, they indicate that the No. 1 formule.are probably not very far 
from the truth, though the multiplication factor for the 4 hours’ “ oxygen absorbed ” 
figure is most likely a little too high for all three classes of sewage liquor. 


G,, MeG.. 
August, 1909. 
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MEMORANDUM ON THE ESTIMATION OF THE WORK DONE BY SEWAGE ~ 
FILTERS AND ON THE COMPARISON, IN THIS RESPECT, OF DIFFERENT 
TYPES OF FILTER TREATING DIFFERENT SEWAGE LIQUORS. | 


By Dr. G. McGowan AND Mr. Couin C. FRYE. 


= Introductory. 


When one of us was discussing with Mr. Willis, Secretary to the Commission, the 
memorandum on “Strength of sewage,” shortly after it was written, he suggested that it 
might be possible to make a rough comparison of the efficiency of different filters by sub- 
tracting from the four hours’ “oxygen absorbed ” figure of the sewage liquor treated the 
corresponding figure of the filter effluent, and multiplymg the figure so obtained by the — 
volume treated per cube yard per 24 hours. So far as our recollection goes, this was the 
germ from which the following paper was evolved. 


With our present knowledge, we think that the best method of estimating 
the work done by a sewage filter is to determine the degree of oxidizability of the sewage — 
liquor treated and that of the filter effluent obtained. The difference between the two 
represents the oxidation or—more correctly—the purification effected by the filter, which 
at the present time we may refer to as the “ work done.” Subsequent investigations may 
make it possible to differentiate quantitatively between the energy expended in the 
oxidation of (a) the carbon and (b) the nitrogen compounds of sewage or sewage liquor. 


As our basis, we have in the first instance determined this oxidizability by Dr. Adeney’s 
“ Aeration’? or “ Dilution” method, viz., by mixing the sewage liquor or effluent with an 
excess of well-aerated tap water and estimating the oxygen in the mixture, both at the 
beginning and the end of the experiment, sufficient time being allowed for the oxidation 
of the organic impurity by the oxygen in solution in the water. 


From the results of a number of such estimations, taken in conjunction with the 
ordinary figures of analysis of the effluent, we have been enabled to suggest in the following 
pages a formula on somewhat similar lines to that made use of by one of us for arriving 
at the “strength” of a sewage or sewage liquor (c/. memorandum on the measurement of 
the “strength” of sewage liquors, p. 5). By applying this formula, the degree of 
oxidizability of an effluent can be arrived at, after a simple analysis, with a fair degree of 
accuracy. 

OXIDIZABILITY OF FILTER EFFLUENTS. 


In the memorandum on the subject in this Appendix, the measurement of the 
“ strength ” of a sewage as affecting purification is discussed. The conclusion arrived at 
is that at the present time the strength of a sewage or sewage liquor can be best expressed 
and measured in terms of the amount of oxygen required for the complete or practically 
complete oxidation of its ammonia and organic matter. On page 4 of that memoran- 
dum, one or two simple formule, based upon experimental data, are given, by means of 
which the “strength,” 7.e., the degree of oxidizability, of a sewage, septic tank liquor, 
or precipitation liquor, may be arrived at with a fair degree of accuracy in a short time ; 
while Table C, on page 7, gives the calculated “‘ strengths ” of a number of the sewages, 
etc., which have been examined for the Commission. The actual figures for ~ strength” 
represent parts by weight of oxygen required to oardize 100,000 parts of sewage or other liquor. 


The same principle may be applied to. estimating the degree of purity, or, more 
accurately, the degree of oxidation, of a filter effluent. Before proceeding to discuss 
this, however, it will be advisable to give some experimental data, showing to what extent 
eight effluents of known composition took up oxygen from excess of good tap water, when 
the mixture was kept for a lengthened period in a tightly stoppered bottle, with a mercury 
joint (see Table I). The oxygen in the dilute mixture was determined both at the 
beginning and at the end of the experiment, and also the oxygen in the small quantity 
of gas evolved from the liquid, which collected at the top of the bottle. Each experiment 
extended over a long period of time (116 to 349 days), so that we think it may be safely 
taken for granted, judging from other experiments on the same lines, that all or practically 
all the ammonia, and all excepting traces of very resistant organic matter, were oxidized 
in every case. | 


In addition to these eight effluents, the results are given of similar estimations with 
five others, but this time in unjointed bottles, the stoppers of which were to all appearance 
very good. These latter are only to be taken as supplementary to the former. 
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The foregoing results are supplemented by one or two others later on, but we 
think that they may be safely taken in the meantime as confirming the points :— 


(1) That a well-oxidized effluent (apart from suspended solids), in which 
the nitrogen is nearly all in the form of nitrate, takes up hardly any further 
oxygen from air or from water, practically all the carbonaceous as well as the 
nitrogenous matter having been already oxidized.* 


(2) That a fairly well-oxidized effluent (apart from suspended solids), in 
which about one-third to one-half of the nitrogen present is in the form of nitrate, 
also takes up very little further oxygen, beyond what is required to oxidize its 
ammonia and organic nitrogen compounds. 


(3) That even in the case of a poorly oxidized effluent, containing only a 
little nitrate, the quantity of oxygen required to oxidize the residual organic 
matter (after the ammonia and organic nitrogen have been allowed for) is not 
great. Further data, however, are required here. 


(4) That—as a rough approximation—l part by weight of the volatile 
matter in the suspended solids present in a well or fairly well-purified effluent 
takes up about 2 parts by weight of oxygen. Further data are desirable here 
also, especially as regards the suspended solids of indifferently purified effluents, 
for it is obvious that such solids must vary to some extent as regards oxidizability. 


In the meantime, therefore, we calculate the oxidizability of an-effluent, on parts by 
weight of oxygen per 100,000 of effluent, by the formula :— | 

(Ammoniacal + organic nitrogen x 45) + (Volatile matter of suspended 
solids x 2)? — (Nitric nitrogen x 3). 


(1) The figure 4-5 is got from the molecular proportions : 
O, X 4 = 128 = 4-57. 


N, 28 

(2) The figure 2 is an approximate deduction from the figures in Column K of Table I. 

(3) The nitrate of an effluent represents a certain potential oxidizing power, and this is credited to the 
effluent in the above formula, in terms of oxygen, according to the molecular proportions: N, 0, = N,: 
Oz;= 28:80 = 1: 3. 

In Table II. (p. 30 et seq.), the calculated oxidizability of a large number of different 
effluents is given. Excepting in two instances out of about sixty, the amount of 
nitrite in the effluents cited was so small as to be negligible. In those two cases it 
was credited to the effluent by multiplying the figure for nitrous nitrogen by 1 a 
(Ne OM 28.248 e— 1s 1-7): 

In about seven cases of very poor and imperfectly oxidized effluents (from single 
contact), besides deducting the oxygen required to oxidize the ammoniacal and organic 
nitrogen and the volatile solids, a small further deduction has been made of a figure equiva- 
lent to the 4 hours’ “ oxygen absorbed” figure x 2. This has been done without having 
any real experimental basis to go upon, reliance being placed upon our general knowledge 
of the properties of such effluents ; it is to be regarded as a tentative correction, pending 
the accumulation of actual data. | 


Subsequent experimental work will no doubt modify to some extent the formula given 
above, for arriving at the oxidizability of an effluent, especially in those cases where 
‘indifferent effluents are in question.{ At the same time, we think that it may be accepted 
-for the present as giving a fair approximation to the truth, especially for well or fairly 

well-oxidized effluents. 

We therefore apply this formula to an effluent, for the purpose of arriving at a figure 
which shall express approximately the “strength ” or degree of oxidizability of that 
effluent.|| If this figure be deducted from the “ strength ” figure of the original sewage or 
sewage liquor from which the effluent was derived, the difference will represent, in terms 
of parts of oxygen per 100,000 of liquid, the purification effected. 


Table IL., p. 30 et seg., which is sufficiently explained by the headings, gives the figures 
for relative purification effected by 1 cube yard of filter at nearly all the places which have — 
been under observation for the Commission,§ and also at the experimental installations at — 
Accrington and Dorking.{ Excepting where it is otherwise stated, the calculation is 


* Cf, the original work of Dr. Adeney upon this subject. 

+ For a modification of this statement, as regards organic nitrogen, cf. p. 148 ef seq. 

t Cf. p. 49. 

§ Cf. Fifth Report, Appendix III. 

\| Cf., however, the Addenda on pp. 44-51. : 
Only the earlier Dorking results are included here; the later ones are to be found in the Dorking Report 


by Mr. Richards (this Appendix, p 172). 
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based upon the hourly samples of sewage or other liquor treated upon the filter and the 
corresponding hourly samples of effluent. In those cases where, for one reason or another, 
no hourly samples of effluent were drawn, the comparison is made with chance samples 
of the effluent, but this is necessarily much less reliable, the number of chance samples not 
being very large. 

In addition, a similar calculation has been made of the relative purification -per 
cube yard effected at various places, from which the experimental data have been 
furnished to the Commission by the Local Authorities (Birmingham, Burnley, Heywood, 
Huddersfield, Leeds, Manchester, Oldham, and Sheffield), the calculations in nearly all 
those cases being based upon the analysis of very large numbers of chance samples of sewage 
‘liquor and effluent, extending over a year or more. Since ‘‘ weak’ permanganate is used 
at the above places for the oxygen absorbed tests, the calculated relative figures for 
purification per cube yard arrived at in this way can only be regarded as approximate.* 

The various places may now be considered in more or less detail; they are grouped 
together according to the nature of the process followed. 


Treatment of Crude or Settled Sewage upon Contact Beds. 


(Cf. Table II, pp. 34-35.) 
The principal results are as follows :— 



































Percentage 

Purification :— 
Age of 
Calcu- | Gallons | Units of | () eae 

ad. Bee pha niga Effluent | Average Depth and Quality of 
, ae om Bais: eis (a) aie its} Samples Filtering Medium. 
. us- were 

Liquor. | _ filter. yard. Alen pended | drawn 
vent | “Solids (years). 

and 

Nitrate. 
Double Contact. 

Withnell (crude)- | 174 18-2 2,706 86 92 + Primary, coarse, 5 feet; 
secondary, medium, 3 feet 
6 inches. 

Maidstone (crude) 164 23°7 Stilo 97 96 5 Primary, coarse, 3 feet 4 
inches ; secondary, fine, 4 
feet 4 inches. 

Leeds (crude) <| 127 32 3,998 96 98 14 | Primary, coarse, 5 feet; 
: secondary, medium, 6 feet. 
| 

Oswestry(partially 91 41 3,538 95 94 about 4 | Primary, medium to coarse, 

settled) 4 feet 6 inches ; secondary, 
medium, 4 feet ‘6 inches. 

Halton (partially 80 = |54(d.w.f.)) 3,737 87 89 2 Primary, coarse, 4 feet 3 

settled). 106 7,335 inches; secondary, coarse, 
: (actual 3 feet 3 inches. 
quantity ) 
Sheffield (settled) 57°6 60 3,150 91 87 about 4 | Primary, 3 feet, and secondary, 
. 3 feet ; both medium to fine. 

Settled Sewage and 
Single Contact. 

Oldham (settled)- | 51°1 73 2,584 69 82 about 5 | Medium to fine, 1 foot 6 

(average inches to 3 feet. 
quantity) 

Crude Sewage and 
Triple Contact. 

Hampton (crude)- | 172 43 7,555 102 98 3 Primary, coarse, 4 feet; 

secondary, medium, 4 feet ; 
tertiary, fine, 4 feet. 





* Tn order to arrive at these approximate figures, we have multiplied by 1-6 the figures obtained at the 


places mentioned for ‘“‘ oxygen absorbed ” in 4 hours from weak, 1.e. (39) permanganate, to make them more 


or less comparable with our own figures obtained with strong () permanganate. This figure (1-6) was 


arrived at from some comparative estimations with weak and strong permanganate, but further analytical 
data are required for its verification or modification, especially as regards septic tank liquor. 
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If the work effected by 1 cube yard of filter at each of the six places treating sewage 
by double contact (Withnell, Maidstone, Leeds, Oswestry, Halton, and Sheffield) had been 
the same, and if it had been possible to obtain perfectly accurate experimental data for 
our calculation, the figures in column G of Table II for relative purification would have 
been identical. If, however, we consider the complex factors which enter into the case— 
especially the differences in strength of sewage and of volume treated, the comparison 
of effluents whose analysis was not all carried out upon the same plan, and the size and 
condition of the filtering material—we see at once that only an approximation can be 
hoped for. 


Of the six installations treating crude or settled sewage upon double contact beds, 
Halton is not comparable with the others. There the process for part of the time was, 
practically speaking, single contact, on the secondary beds, of sewage which had been 
settled and then streamed through the primary. 


At the other five places (Withnell, Maidstone, Leeds, Oswestry, and Sheffield), crude 
sewage was treated at the first three and settled sewage at the other two. The volumes 
treated, as given in column F of Table I, represent approximately average quantities, 
z.€., the average volumes treated over the whole “ life ” of the beds. The volume given 


for Withnell (18-2 gallons) was the amount treated during the last 24 years of the “ life ”” 


of the beds there, when they had an average capacity equal to only 50 per cent. of the 
original water capacity. To compare Withnell, therefore, with the other four places, 
which represent an average capacity of about 66 per cent.,* the figures for gallons 
treated per cube yard at Withnell and for units of purification would have to be 
multiplied by $§. The calculated strengths of the sewages at the five places varied 
as much as from 174 at Withnell and 164 at Maidstone to 57:6 at Sheffield, but the 
units of purification per cube yard only varied between 2,706 and 3,998; or, excluding 
Withnell (where the effluent obtained was unsatisfactory), from 3,150 to 3,998. While, 
therefore, the strength varied from 3 to 1, the units of purification only varied pro- 
portionally from 14 to 1. The results from these four places, as regards work done, thus 
show a striking analogy. 


The percentage purification, as judged by the atmospheric oxygen taken up 


in the process, t varied from 86 to 97, or again excluding Withnell, from 91 


to 97. The percentage purifications—if we consider the effluent as without its 
suspended solids and nitrate—were 96, 98, 94, and 87. All four effluents were 
such as would be considered fair to good. The filter beds varied in depth from 
3 ft. 3in. to 6 ft., the primary being filled with coarse material and the secondary 
with material of medium size, excepting at Maidstone, where the material of the 
secondary beds was of fine grade. 


Without attempting to draw too many conclusions from a small number of places, 
we think the inference is justified that from 3,000 to 4,000 units of purification per cube 
yard of filter per day may be looked for in the treatment of crude or partially settled 
sewage upon primary beds of coarse material, during their economic life, and secondary 


beds of medium to fine material, an effluent of fair to good quality being produced. The © 


percentage purification, as judged by the atmospheric oxygen taken up in the process, 
would be from 90 upwards, including in the effluent its suspended solids and nitrate. 
If we exclude these, the percentage purification would usually be from 95 upwards. 
The percentage purification, as calculated on “ oxygen absorbed ” from permanganate 
in 4 hours, would be from about 83 upwards. 


* A contact bed, when freshly filled with material, holds about 50 per cent. of water (unless the material 
is very fine, when it holds less). When the capacity is reduced to about 20 per cent., the material is usually 
in a very sodden and clogged condition. As the result of considerable experience, we put the average working 
capacity of a primary contact bed at 33 per cent. of its original empty tank capacity, or 66 per cent. of its 
original water capacity. 


{ These and subsequent figures for percentage purification are based on the (calculated) amount of atmo- 
spheric oxygen used in the filtration process for the oxidation of both the carbon and the nitrogen compounds 
pzesent in the sewage liquor. If, theoretically, 100 parts by weight of oxygen are required by a_given volume. 
of sewage, for its conversion into a completely oxidized effluent, then “‘ 80 per cent. purification’ means that 
£0 parts of atmospheric oxygen have been taken up. 


‘=e 
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The curves show graphically that the volumes of sewage treated at the various 
places were throughout in the inverse order of the calculated strengths. | 


se Vo’. Oldham. Sheffield. Oswestry. Leeds. Maidstone. Withnell. 
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The volume of sewage which can be successfully treated upon double contact beds, so as to 
produce a satisfactory effluent, therefore depends mainly upon its strength. Thus, 20 gallons 
of a strong sewage like that at Maidstone (strength 164) or 60 gallons of a rather weak 
sewage like that at Sheffield (strength 58 approx.), per cube yard per day, can be treated 
80 as to give fair to good effluents (this, on the basis of an average bed capacity). With 
regard to the amount of suspended matter which can be put upon contact beds treating 
crude or settled sewage, see Fifth Report of the Commission, p. 48 et seq. 

At Oldham a dilute settled sewage (approximate strength = 51) treated on single 
contact beds of rather fine to medium material, 1 ft. 6 in. to 3 ft. in depth, at the rate 
of 73 gallons per cube yard per day, gave 2,584 units of purification, or 69 per cent. puri- 
fication on the original sewage. Fully two-thirds of the oxidizable matter was. thus 
removed by single contact, a result in agreement with that from the Accrington experi- 
mental primary contact beds treating septic tank liquor (cf. Memorandum on the Accrington 
experiments, p. 56). In the case of a strong sewage containing much suspended 
solids, the figures for units of purification and percentage purification effected by a primary 
bed—worked within reasonable limits—would no doubt be greater than this, but the bed 
would lose correspondingly in capacity. 

As regards Hampton, where crude sewage received at the time triple contact upon 
material varying from coarse to fine, a very high purification per cube yard is shown 
incolumn G of Table II, viz., 7,555 units, or 102 per cent. These figures, however, 
give an exaggerated estimate of the work actually done by the beds, because a large pro- 
portion of the organic solids of the Hampton sewage were at the time settled out in the 
* bays ” of the primary filters, and it was impossible to draw samples of the actual settled 
sewage which was treated on the primary beds. It must also be borne in mind that the 
Hampton primary beds lost capacity very rapidly; showing that the purification was largely 
effected at the expense of capacity, owing to the relatively large volume treated upon 
these beds. 

Treatment of Crude or Settled Sewage upon Percolating Filters. 
(Cf. Table II., pp. 34-35). 
The principal results are as follows :— 








Percentage 
Calcu Units of Pe fe 
lated oe Purifica- Fate) Depth and Quality of 
Place. Strength Cube | Hon per (a) Effluent Filtering Medium. 
' of Tard Cube Whol minus its 
Li : ee Yard ore | Suspended 
aueh . Effluent. P 
Solids and 
Nitrate. 
Leeds (Ducat) (crude) - | 172°6 25 4,373 101 99 Medium, 10 feet. 
Little Drayton (B) (par- | 165 152 | 2,411 96 95 Medium, 7 feet 6 inches. 
tially settled). 
“Leeds” filter (crude) - | 123 52 4,488 70 95 Very coarse, 11 feet 6 inches. 
Clifton (partially settled) | 123 15°6 1,828 95 96 Very fine to coarse, 4 feet. 
Hendon (Ducat) (crude) - | 107 40 3,964 93 92 Medium, 8 feet and 10 feet. 
Dorking (Expl.) (settled) 80:1 120 8,556 88 89 Coarse, 6 feet. 
Leeds (settled) - = 59-7 63 2,696 12 96 Coarse, 9 feet 6 inches. 
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Of the above seven installations, three treated crude and four settled sewage. The 
calculated strengths varied from 174 for the Leeds crude sewage, treated by the Ducat 
filter there, and 165 for the Little Drayton settled sewage, to 60 for the Leeds settled 
sewage. Some of the filters were of coarse material, and some of material of medium 
size, while at Clifton the surface material was composed of sand, overlying medium to 
coarse clinker. 

The depth of the filters ranged from 4 feet to 11 feet 6 inches, 


At Leeds, Hendon and Dorking the filters treated constant volumes of sewage, while 
at Clifton and Little Drayton the figures per gallon in column F of Table II, refer to dry- 
weather flow only. 


It will be seen from the table that, for the above seven places, the units of purification 
per cube yard varied from 1,828 to 8,556, or, excluding this last high figure, which was given 
by the Dorking experimental filter, from 1,828 to 4,488. The percentage purification, 
as Judged by the atmospheric oxygen taken up in the process, varied from 70 to 101; 
or, if we consider the effluent without its suspended solids and nitrate, the percentage 
purification was from 92 to 99. As judged by the “ oxygen absorbed ” from permanganate 
in 4 hours, it varied from 70 to 98 on the whole effluent, including solids. The six effluents, 
apart from their suspended solids, were all good, the Leeds “‘ Ducat filter ” effluent being 
very good. 


The conclusion is therefore justified that a percolating filter of coarse or medium-sized 
material, from 6 to 12 feet deep, treating either crude or partially settled sewage, will 
give from about 2,500 to 3,500 units of purification per cube yard per day, and produce 
a good effluent. If the sewage is well settled, up to 8,000 or 9,000 units of purification 
can be obtained (cf. Dorking Experiment, Table IJ). 


In drawing this conclusion, we look upon the results from the “ Leeds ” filter and the 
Leeds Ducat filter as being too high, since the former became choked after a year’s work, 
and the latter clogged on the surface after only a month. The Ducat filters at Hendon, 
treating a sewage of about average strength, have run for seven or eight years without 
any signs of clogging, but we think that our figure for volume treated there may be rather 
an over-estimate. Clifton stands in a different category to the other places, because of 
the very fine material of the filters there, and the constant scraping of the surface which 
is involved. 


In the treatment of crude or settled sewage by percolating filters, we should expect 
considerable divergence in the results obtained, because in this process the rate of filtration 
is, to a great extent, dependent in practice upon the amount of suspended matter in the 
liquid treated. When much suspended solid is present, the rate of filtration is purposely 
slowed down, in order to prevent clogging, and this, of course, means that the filter is not 
then working up to its full power. 


The volumes of sewage treated on the percolating filters at the above places (see 
curve) do not show the same regularity as regards inverse ratio that was found in the 
200 
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Crude or Settled Sewage and Percolation. 


Calculated strength 
Volume treated per cube yard ——--—-~~-~ 





treatment of crude or settled sewage upon double contact beds; but, broadly speaking, 
the same conclusion holds good here also, viz., that the volume of sewage which can be 
treated upon a percolating filter depends mainly upon the strength of the sewage. We 
think, indeed, that it may safely be said to depend upon the strength of the sewage, provided 
that no secondary complications ensue through the choking of the filter, and also provided 


~ 
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- that the filter is working up to its full power, or nearly so. Twenty to 25 gallons of sewage 
with a strength of 165 to 175, or 60 galions of sewage with a strength of 60, can be treated 
per cube yard per day upon percolating filters of medium to coarse material, with the 
production of fair to good effluents. 

The very high figure for units of purification given by the experimental filter at Dorking, 
treating well-settled sewage, was no doubt mainly due to the small quantity of suspended 
matter (6 to 7 parts) present in the liquor, and also to the fact that the effluent, while fair, 
was not a high-class one. The percentage purification was 88 for the whole effluent, 
and 89 for the effluent without the suspended solids and nitrate. 


Treatment of Septic Tank Inquor upon Single Contact Beds. 


Table II., pp. 36-39, gives the results from this process at Andover, Exeter Old Works, 
Exeter Main Works, Hartley Wintney, Manchester and Slaithwaite, besides those obtained 
in the Accrington Experiments I. and Il. In drawing conclusions from them, however, 
we do not include Hartley Wintney, as at the time the various hourly samples were taken 
from that place, in January, 1904, the samples of effluent evidently did not give a true 
indication of the average working of the beds. The available data with regard to 
Manchester, also, only allow of our drawing approximate deductions as to the work 
done by the contact beds there. 


The principal results are as follows :— 



































Percentage 
Purification:— | Age of 
| Beds at 
‘Calcu- Gall Units of (c) the time 
. : lated aneds | Purifica- Effluent the Derik and Gait of 
Place. Strength; | tion per minus | Average ee hroee in 
Cube (a) : Filtering Medium. 
of Cube its Sus- | Samples S 
: Yard. Whole 
Liquor. Yard. | pay f pended | were 
wen’-| “Solids | drawn 
and (years). 
Nitrate. 
Hartley Wintney~ - 108 73 7,264 82 OSes 3k Medium to fine, 4 feet. 
Manchester 2 - 106 (f* (| (a) 7;007 | (a) 86 a) 92 Medium, 3 feet 4 inches. 
(6) 6,329| (b) 78 | b) 83 
Exeter (Main Works) 99 55 3,729 68 64 1 to 2 | Medium to coarse, 4 feet 
6 inches. 
Andover - - - 90 115 4,543 44 60 3 Medium to fine, 4 feet. 
Exeter (Old Works) - 39 75 ap. 2,700 92 85 7 Medium to fine, 5 feet. 
Slaithwaite - - 35°6 627 1,817 &2 ar Sate 4 Medium to coarse, 5 feet. 








In three of the above cases—Hartley Wintney, Manchester and Andover, the volumes 
treated are almost inversely as the calculated strengths, while in the other three—Hxeter 
Main Works, Exeter Old Works and Slaithwaite—the reverse is the case. These 
apparently contradictory results are no doubt mainly due to the fact that only in one 
case, Exeter Old Works, was a really good effluent obtained. 


ISO 


700 


50 





| Hartley Manchester Exeter Andover Exeter Slaithwaite 
Wwirezrey (New works) (Ola Works) 
Septic Liquor and Single Contact. 
Calculated strength ———_—_— 
Volume treated yer cube yard --------- 





* Average quantity. + Constant quantity. 
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It will be noted that the purification effected per cube yard at the Exeter Main Works, . 
Andover, and Exeter Old Works, in beds from 4 feet to 5 feet deep, varied between 2,700 
and 4,543 units. At Manchester the beds probably effected a purification of about 6,000 
units. At Slaithwaite the figure for units of purification (1,817) was a very low one, 
probably because the material was too coarse to make a good effluent possible, while at 
the same time the beds could probably have treated considerably more septic tank liquor 
and yet have given the same percentage purification, 2.e., they could have oxidized much 
more carbonaceous matter than they were actually called upon to do. 


It is interesting here to compare the results obtained at Exeter Main Works, Andover, 
and Exeter Old Works, the first two treating strong tank liquors, with about 12 parts of 
suspended solids, and the last a weak tank liquor, with about 8 parts of suspended solids. 
The purification effected (2,700 to 4,543 units) was sufficient to change the dilute liquor at 
the Exeter Old Works into a good or fairly good effluent, the percentage purification (a), 
as judged by the atmospheric oxygen taken up, being 92 per cent., or (c), taking the 
effluent without its suspended solids and nitrate, 82 per cent. On the other hand, the 
purification was only sufficient to give a poor effluent from the strong liquor of the Exeter 
Main Works (percentage = (a) 68 per cent.; (c) 64 per cent.), and a very poor effluent 
from the strong liquor at Andover (percentage = (a) 44 per cent. ; (c) 60 per cent.). 


From these results we draw the conclusion that primary beds of medium to coarse 
or medium to fine material, 4 feet to 5 feet deep, will treat either a dilute or a strong septic 
tank liquor, so as to give from 3,000 to 4,500 units of purification per day. If the tank 
liquor is a very weak one and the material of the bed fine, this purification will be sufficient 
to produce a good or fairly good effluent, but, with a liquor of average or above average 
strength, a poor effluent will be obtained. Even a weak septic tank liquor will not give 
a fair or a good effluent by single contact, unless the material of the bed is fine, 7.e., unless 
it has a large internal surface area. This was well exemplified in the different results 
obtained at Exeter Old Works and Slaithwaite, where tank liquors of about the same 
strength were dealt with (the volume treated being greater at Exeter), but where the 
size of the material in the beds differed. 


As a contact bed loses capacity, the figure for absolute units of purification must 
go down, though at a certain stage—assuming that the bed does not become clogged— 
this loss will probably be compensated to some extent by increased efficiency, through 
the enlargement of the internal surface area of the bed. At the same time it will 
be remembered that the efficiency of the experimental contact beds at Accrington, in 
proportion to their capacity per cube yard, remained the same in Experiments I. and II. 
(cf. this Appendix, p. 62). 

Accrington Experimental Beds —The results obtained from the experimental primary 
contact beds at Accrington are detailed at some length in the separate Memorandum on 
the subject. These beds were 3 feet deep and were filled with medium to coarse material. 


In Experiment I the bed treating strong liquor gave 7,248, and that treating weak 
liquor 7,380 units of purification, with a loss of water capacity in 13 months of 37 per 
cent. and 34 per cent. respectively. The percentage purifications were :— 


Strong liquor (a) 59 per cent. (c) 70 per cent. . 
Weak liquor (a) 60 ,, ,, (Cc) 48 ae 


In Experiment II the units of purification were 4,944 and 3,022,* and the percentage 
purification :— . | 
Strong liquor (a) 58 per cent. (c) 72 per cent. 
Weak liquor (a) 62 ,, 5 (C\uigee os 


A primary contact bed can thus for a year give 7,000 to 8,000 units of purification 
per cube yard, treating a septic tank liquor of over average strength and with 14 parts 
of suspended solids, at an average rate of 144 gallons per day, or a liquor of about half 
this strength at a rate of 298 gallons per day, but the loss of capacity is very rapid and | 
the effluent is of poor quality, 2.e., it is only partially oxidized. | 

Regarding this process from the point of view of a complete process, therefore, 1t is 
obvious that it could only be adopted for the treatment of weak septic tank liquors, 
For such liquors, with a strength, say, of 30 to 50, and containing not more than 6 to 8 parts 
of suspended solids, about 100 to 150 gallons per cube yard could be treated, with two 
or three fillings per day, and a non-putrescible effluent of fair quality produced. This 


* In this last case the organic impurity put upon the weak liquor bed was only half that put on 
the strong. 
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estimate is made on the basis of an average capacity, throughout the “ life ’’ of the bed, 
of 66 per cent. of the original water capacity, or 33 per cent. of the original empty tank 
capacity. Such beds might be expected to last for 4 to 6 years. 


Manchester.—Our calculation of the work done by the Manchester contact beds can 
only be taken as approximate, because the tarry nature of the sewage and tank liquor 
there may to some extent have invalidated our calculation for “strength.” In order 
to speak with confidence, we should require to fully examine a number of samples of the 
tank liquor. Subject to this, the absolute purification effected by the primary beds at 
Manchester in 1903-4 was high—about 6,000 to 7,000 units—the beds being of different 
ages and treating a strong tank liquor containing 11 parts of suspended solids; but the 
percentage purification was rather low—probably about 80 to 85. Manchester may 
therefore be regarded as an instance of a high absolute purification as regards carbonaceous 
matter, but with the purification not carried far enough to produce an effluent of high 
quality. The attention paid to the beds no doubt enables the maximum work to be got 


from them. 


Treatment of Septic Tank Inquor upon Double Contact Beds. 


In Table II., pp. 38-39, the results are given of the treatment of septic tank liquor 
upon double contact beds at Guildford, Leeds, Huddersfield, and Burnley, and also in the 
Accrington Experiments I and II, which have been already referred to. The main results 


are as follows :— - 





_ 























Percentage 
Purification :— 
Calcu- Units of (c) Age of 
Plac ahi G oh the ee Effluent | Primary Depth and Quality of 
a na evard Cube minus its} Beds Filtering Medium. 
pe " | Yard, (2) Whole Sus- | (years). 
can ae ' | Effluent. | pended 
Solids 
and 
Nitrate. | 
Guildford - 125 22:7 2,697 95 94 2to4 | Primary, 2 feet 6 inches, 
medium to coarse ; 
secondary, 2 feet 6 inches, 
medium to fine. 
Leeds - - - 92-4 45 4,298 103 98 | First 3 | Primary, 5 feet 6 inches, fine to 
years. medium ; secondary, 6 feet, 
medium, 

Huddersfield) Ex- Tish 76 5,624 96 97 | First 4 | Primary, 3feet 9inches, coarse; 
perimental). | years. secondary, 2 feet 11 inches, 

medium. 

Burnley - : 74:1 40 3,004 101 98 4 Primary, 3 feet, coarse; 

secondary, 3 feet, fine. 

Accrington Experi-| 85-7 i232 5,011 81 88 First | Primary, 3 feet, medium to 
ment I. (Strong year. coarse ; secondary, 3 feet, 
liquor). fine. 

Accrington Experi; 43-0 | 148°8 5,654 91 91 First | Primary, 3 feet, medium to 
ment I. (Weak year. coarse ; secondary, 3. feet, 
liquor). fine. 

Accrington Experi-| 83°3 51°6 3,576 83 91 |} Second | Primary, 3 feet, medium to 
ment IT. (Strong year. coarse ; secondary, 3 feet, 
liquor). fine. 

Accrington Experi-| 42:2 57°9 2,200 1 90 92 Second | Primary, 3 feet, medium to 
ment II. (Weak year. coarse ; secondary, 3 feet, 
liquor}. fine. 























Kixcepting in the case of Burnley, where the beds were evidently working well within 
their powers, the volumes treated per cube yard at the first four places are roughly in the 
inverse order of the strengths of the liquors, none of which were weak (strength = 74 to 125) 


(see curves). 
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Guildford. Leeds. Huddersfield. Burnley. 


Septic Liquor and Double Contact. 





Calculated strength — 
Volume treated per cube yard - - - - --- 


At Guildford the tank liquor was exceptionally strong, and, moreover, it contained 
a large quantity of brewery refuse. Hence, the actual figure for units of purification is 
rather low there, an effluent of moderate quality being produced. The beds at Guildford 
are only 2 feet 6 inches deep. . 

The Accrington experiments showed how rapidly the aggregate purification by double 
contact declined as the beds lost their capacity. Omitting from our calculations the 
results from the treatment of weak liquor in the Accrington Experiment II, when the 
beds were not working up to their full power, we think that the figures given in the pre- 
ceding table show that from 3,500 to 4.500 units of purification per cube yard may be 
expected from double contact beds treating septic tank liquor, with the production of 
fair to good effluents. The percentage purification, as judged by the atmospheric oxygen 
taken up in the process, would be from 80 to over 100; excluding suspended solids and 
nitrate from the effluent, the percentage purification would be from 88 to 98. The percen- 
tage purification, as calculated on “ oxygen absorbed ” from permanganate in 4 hours, 
would be from 65 to 93. i 

Here, again, the volume of a septic tank liquor which can be successfully 
treated upon double contact beds depends mainly upon its strength, but the less 
suspended and colloidal solids the liquor contains, the longer will the beds retain their 
capacity ; in other words, they will continue to give a greater aggregate purification 
per cube yard. 

- Thus, a strong liquor (strength 90) might be treated at a rate of 50 gallons per cube 
yard per day (equivalent to about two fillings per day); a medium liquor (strength 70) 
at a rate of 70 gallons (two to three fillings per day); and a weak liquor (strength 40) at 
a rate of 100 gallons (equivalent to about four fillings per day). 

The amount of suspended matter in the tank liquor, however, is also of the first 
importance here. Thus, a weak liquor (strength 40) could not be treated at the rate of 
four fillings per day, if the suspended matter in it were more than, say, 4 parts per 100,000. 
(For details regarding this point, cf. Fifth Report of the Commission, p. 48.) 


Treatment of Septic Tank Liquor upon Percolating Filters. 
(Cf. Table IL., pp. 40-41.) 


Of the sixteen examples of the treatment of septic tank liquor upon percolating 
filters, six refer to the Commission’s experimental installation at Accrington, and 
one each to the experimental installations at Guildford and Dorking. The remaining 
eight comprise four installations which have been under observation for the Commission, 
and three others from which the experimental data have been furnished by the Local 
Authorities. ; 

Excepting at Caterham and Birmingham, where the’ filtering material was 
medium to coarse, and at Prestolee, where 1t was fine, the filters were all of coarse 
material. 

Omitting for the moment the results obtained from Prestolee and from the weak 
liquor in Accrington Experiment I, in both of which cases the filters were treating much 
less than they might have done, the units of purification per cube yard varied in the 
remaining fourteen instances from 4,322 at Leeds to 11.125 at Rochdale. 
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The results obtained at the last eight places may be conveniently compared, thus :— 





Percentage Purification :— 























ool Units of 
Place. state Nei Gib Purification (c) Effluent Depth and Quality of 
of Liqu onl Yard, [Per Cube Yard Saw ite Filtering Medium. 
treated. per 24 hours. Ci oe Suspended 
mire Solids 
and Nitrate. 
Caterham - 161 31 4,557 91 79 Medium to coarse, 5 feet. 
Birmingham - 113 83 7,656 82 86 Medium to coarse, 6 feet to 
7 feet. 
Accrington 94 140 9,184 70 83 Coarse, 7 feet to 9 feet. 
(whole works) | 
Rochdale - 83 141 11,125 95 95 Coarse, 9 feet. 
Huddersfield - 17 110 6,897 81 97 Coarse, 7 feet. 
Leeds - - 76 63 4,322 90 95 Coarse, 9 feet 6 inches, 
ork ps 58 150 9,225 106 98 Coarse, 6 feet 6 inches to 7 
feet 8 inches. 
Prestolee = - 22 46 1,012 100 95 Fine, 5 feet. 











The calculated “strengths” of the liquors treated varied from 161 at Caterham to 
22 at Prestolee. After Birmingham, which gave the second strongest liquor (strength 113), 
there was a fairly gradual fall in strength throughout. 


The curve representing volumes treated at the six sewage works of Accrington, 
Birmingham, Huddersfield, Leeds, Rochdale, and York bears an approximate relation 
to the inverse curve of strength, excepting in the case of Leeds and Huddersfield (see 
curve below). 


150 








0 
Caterham. Birmingham. Accrington. Rochdale. Huddersfield. Leeds, York. 





Septic Liquor and Percolation. 


Calculated strength ——___—— 
Volume treated per cube yard ---------- 


At Leeds the purification effected was much less than at the other five places, because 
the filter was not working up to its full power. Still, it was receiving tank liquor con- 
taining about 18 parts of suspended solids, of a rather fibrous nature, and this was 
evidently the reason why the average volume treated did not exceed 63 gallons per cube 
yard. At the other five installations, treating liquor varying in strength from 58 to 113, 
the units of purification per cube yard ranged from 6,897 to 11,125; the percentage 
purification, as judged from the amount of atmospheric oxygen used up, from 70 to 106 ; 
the percentage purification, disregarding the suspended matter and the nitrate in the 
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effluent, from 15 to 98; and the percentage purification on ‘‘ oxygen absorbed ”. from 
permanganate in 4 hours, from 62 to 84. At all those places non-putrescible effluents 
of fair to very good quality were obtained. 


The results obtained from the experimental stations were :— 























Percentage Purification :— 
: j Units of ’ Depth. 
Strength Gallons Purification (c) Effluent | and Quality 
Place. of Liquor} per Cube] —~ Cube Yard| (4) Whole minus f Filters 
Treated.| Yard, |Pervube Xar Effiuent RSE of Filtering 
per 24 Hours. : wuspee Medium. 
Solids 
and Nitrate. 
Guildford — - - - - 99°3 50 4,275 95 95 Coarse, 6 feet 
Accrington Experiment I.| 85:2 | 100 7,310 86 90 - i 
(Strong liquor). 
Dorking =: +:\9- RA a is 120 8,448 86 86 are 
Accrington Experiment — II. 8172 | 100 8,440 104 96 i 3 
(Strong liquor). 
Accrington Experiment III. 73°2 125 8,050 88 93 ” ” 
(Strong liquor). 
Accrington Experiment I. 48-0 200 7,680 80 86 etsy 
(Weak liquor). 
Accrington Experiment III. 40°7 950 9-225 91 93 ~ ” 
(Weak liquor). 
Accrington Experiment II. 40°5 100 4,120 102 94 99 = 
(Weak liquor). 

















At Guildford the experimental filter was working well within its limits, and could 
probably have done considerably more. In the other five experiments, the variation in 
units of purification was only between 7,310 and 8,448. The percentage purification for 
the effluent as a whole varied from 80 to 104, and the percentage purification, eliminating 
suspended solids and nitrate, from 80 to 96. 


From all the foregoing results-—both on a large scale and exper_mental—the conclusion 
may be drawn that a percolating filter of coarse, or of medium to coarse material, and from 
6 feet to 9 feet in depth, may be expected to give from 7,000 to 11,000 units of purification per 
cube yard when treating tank liquors varying in strength from 58 to 113, and to yield good 


effluents showing from 85 per cent. to 98 per cent. purification, considering the effluent as 


without its suspended solids and nitrate. Within the above limits, the less coarse the material, 
provided it can allow the free passage of the effluent suspended solids through it, and the deeper 
the filter, the greater is the relative purification effected per cube yard of filtering material. 


The Accrington Experiment I showed that within the limits of volume treated, 
good eftluents being obtained, pretty much the same amount of work is done per cube 
yard, whether one volume of strong liquor or two volumes of weak liquor are dealt with. 
Other things being equal, therefore, the volume of septic tank liquor which can be treated upon 
a percolating filter of coarse material depends upon the strength of the liquor. When much 
mixed trade effluent containing iron is present, as at Leeds and Birmingham, or much 
brewery refuse, as at Guildford, apparently less can be treated, proportionately, than in 
the case of a septic tank hquor from a domestic sewage. At Leeds, also, the fibrous char- 
acter of the suspended matter makes it advisable to keep the rate of filtration low, in order 
to prevent clogging. The trade refuse at Rochdale, which contains much nitrogenous 
matter from wool washing and which is highly alkaline, does not render the septic tank 
liquor difficult of treatment. 


Thus, about 80 gallons per cube yard of a strong septic tank liquor (strength = 113), 
100 gallons of a liquor of about average strength (strength = 80), or 150 gallons of a rather 
weak liquor (strength = 58), can be properly dealt with upon deep percolating filters 
of coarse material. 


Caterham.—The sewage and septic tank liquor at Caterham are altogether exceptional 
as regards the high proportion of ammonia and other nitrogenous matter present in them. 
So far as can be Judged from the results obtained with the 5-foot filters there, such a septic 
tank liquor is more difficult or takes longer to oxidize than a proportionate volume of liquor 
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from an average domestic sewage ; hence, a less figure than the average, for units of puri- 
fication per cube yard, is obtained at Caterham. 


Prestolee.—The fine-grained filters at Prestolee were working greatly under their limit, 
having only 46 gallons per cube yard of an exceptionally dilute septic tank liquor to deal. 
with. The result was the production of an exceptionally good effluent, but only 1,012 
units of purification were effected per cube yard of filter. 


Treatment of Precipitation Inquor upon Single Contact Beds. 
(Cf. Table II., pp. 42-43.) 


The examples of this method of treatment which have been under observation are 
Calverley, Heywood, and Kingston-on-Thames. The results are tabulated in Table IL., 
but the chief items may be given again here :— 























Percentage 
Purification :— 
culated Gall Baridectonl, Cpaatllca et a tata sates era 
allons per |Purification ge of beds. | Quality of Fil- 
Place. Lek e Cube Yard.| per Cube (a) Effluent tering Medium. 
: Yard. Whole minus its 
Liquor. Effluent Suspended 
’ | Solids and 
Nitrate. 
Calverley - 124 60 (1%) 5,448 (1) 73 82 9 years. Coarse to fine, 
| 3 feet. 
Kingston (Ex- 51 _ 250 10,825 85 81 Half of the Medium to 
perimental), material 3 years| coarse, 3 feet. 
and half 6 years. 
Heywood - | 40-2 (1)* 173 5,052 (1) 73 75 5 years. Very fine to 
coarse, 4 feet 
3 inches. 











The data from Calverley and Heywood are not sufficient to warrant many deductions. 
At Calverley the volume of liquor treated and the units of purification obtained are probably 
much greater than they appear in the above table. The Calverley effluent is poor and 
the Heywood effluent evidently not very good, the percentage purification being low in 
both cases. 


At Kingston a large volume ot exceptionally well-clarihed liquor, of about average- 
or rather under average strength, is treated upon an experimental coke bed, 3 feet deep 
‘and of medium to coarse material. This results in a very high figure for units of purifica- 
tion (10,825), and an effluent of fair to good quality, but the percentage purification is 
rather low, viz.: (a) 85, or (c)—eliminating suspended solids and nitrate—81 per cent., 
owing to about two-thirds of the nitrogen left in the effluent being in the unoxidized state. 


Although our data from Calverley, where the sewage is strong, and from Heywood, 
where the sewage is of about average strength, lack completeness, we think they are 
sufficient to show that—as in the case of settled sewage and septic tank liquor—single 
contact of precipitation liquor from such sewages is not sufficient to produce a good effluent. 


With regard to Kingston, it is because of the excellent precipitation there that such. 
a large volume as 250 gallons per cube yard can be treated. As stated, however, the. 
effluent, while well oxidized as regards carbonaceous matter, has two-thirds of the nitrogen. 
which remains in it in the unoxidized state, the nitrification not having been carried so far 
as 1t might. have been. 


We conclude, therefore, that 250 gallons per cube yard per day of a very good precipita- 
tion liquor of about average strength (strength = 50), equivalent to about four fillings 
per day, is somewhere about the maximum that can be dealt with by single contact, so as 
to produce a non-putrescible effluent of fair to good quality. From our capacity measure- 


* From our general knowledge of the Heywood precipitation liquor, we think that it is really stronger 
than the above figure indicates, since it is derived from a fairly strong sewage. 
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ments at Kingston, we should estimate the probable life of such a bed, receiving four 
fillings per day of this well-clarified liquor, at about eight years or even more. With a 
more dilute tank liquor (strength, say, 30), possibly up to 350 gallons per cube yard, or 
about six fillings per day, could be managed, though it 1s doubtful whether such frequent 
fillings would be practicable on a large scale for any length of time. a 


Treatment of Precipitation Liquor upon Percolating Filters. 


(Cf. Table IL, pp. 42-43.) 


The data obtained with regard to this process are from Normanton, Withnell, Rochdale, : 


Leeds, Chorley and Horfield, and from the earlier experiments of the Commission at 
Dorking. 


The calculated strengths of the liquors treated varied from 92 at Normanton to 36 at 
Horfield. 


The curve representing volume treated per cube yard of filter cannot in this case be 
said to bear an inverse ratio to that representing strength of liquor (see curve). The 
reason for this is that the suspended solids can be reduced in precipitation liquor to a 
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Calculated strength — 
Volume treated per cube yard -~=------+ 








very low figure, and therefore very fine material may be used for the filtration of large 
volumes of liquor (cf. p. 26). With material of a given size, the two curves would no 
doubt bear an inverse relation to one another (cf. Accrington Experiment I.). 
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The principal results obtained are as follows :— : 




















Percentage Purifica- 
tion :-— 
Jos [ivits Of 1 eee tee ne 
culated 
Gallons per | Purification (c) Depth and Quality of 
bt of Lager Cube Yard.| per Cube (a) eet Filtering Mechiunat 
q Yard, Whol, Jig tora. 
treated. Effluent Suspended 
* | Solids and 
Nitrate. 
Normanton - - 92 98 8,036 89 §5 Very fine to coarse, 3 feet 
3 inches. 
* Withnell (A) ~~ - 81 63 5 4,553 89 81 Very fine to coarse, 3 feet 
3 inches. 
Dorking (A) a 68:8 120 6,084 74 79 Coarse, 6 feet. 
Dorking (B) - 55'3 i%5 9,065 94 89 Coarse, 6 feet. 
Dorking (C) - 54°3 211 10,845 93 88 Coarse, 6 feet. 
Leeds - - - 51:8 50 2,610 101 96 Coarse, 6 feet. 
Chorley - - 50 500 24,550 98 87 Very fine to coarse, 3 feet. 
Rochdale’ - - 39 157 5,228 85 92 Coarse, 9 feet. 
Horfield - - 36 151 4,530 83 75 Coarse, 7 feet 6 inches, 
Withnell (X) - 29°8 63°5 1,892 100 96 Very fine to coarse, 3 feet 
: 3 inches. 











The above installations may, for purposes of comparison, be conveniently divided 
into two sets, the first comprising Normanton, Withnell, and Chorley, where the beds 
are shallow and constructed of very fine to coarse material, graded, and the second 
set Dorking (experimental), Rochdale, Leeds, and Horfield, with deep beds constructed 
of coarse material. : 


At Normanton, Withnell, and Chorley the “ International’ process, more or less 
modified, is carried out. The precipitation liquors at Normanton and Withnell are very 
strong, and only moderately clarified in the case of Normanton (suspended solids = 14), 
while at Chorley the liquor is of only average or less than average strength and extremely 
well clarified (suspended solids = about 3). The exceptional amount of work done by 
the filters at Chorley, viz., 24,550 units per cube yard when the hourly samples were drawn. 
and about 17,000 to 18,000 units on a general average, is much beyond that obtained. 
at any other installation, being partly the result of the straining action of the fine 
material upon the suspended and colloidal matter of the liquor, and partly the result of 
the oxidation going on in the filter (we have not yet got the necessary data for differentiating 
between these actions). The effluent is a good one, being clear and non-putrescible and 
taking up dissolved oxygen from water only very slowly. The figures for percentage 
purification—(a) 98 for the effluent as a whole and (c) 87 apart from its suspended solids 
and nitrate—show, however, that there was still an appreciable quantity of unoxidized 
nitrogen left in the hourly samples of effluent ; in other words, the second or nitrification. 
stage of the oxidation was not carried quite to its limit. 


At Normanton 8,036 units of purification per cube yard were obtained, with the pro- 
duction of a very fair effluent of the same type as that at Chorley, though, owing to the 
method of working the filters by continuous ponding, the oxidation was not carried quite 
so far (percentage purification = (a) 89 per cent., (c) 85 per cent.). The same remarks 
apply to the Withnell effluent (A), where 4,553 units of purification were obtained ; the 
data from Withnell are, however, not sufficient to allow of generalisation. 


At Leeds, Rochdale, and Horfield, with deep filters of coarse material treating pre- 
cipitation liquor varying in strength from 52 to 36, the results were more or less analogous. 
Leeds was under-treating in dry weather (with the object of overtaking large flows in time 
of storm), with only 50 gallons per cube yard per day of a precipitation liquor of about 
average strength. The units of purification were only 2,610, but on the other hand the 
effluent obtained was very good (percentage purification = (a) 101, (ce) 96). 


Rochdale, treating a somewhat dilute liquor (strength = 39) at the rate of 157 gallons 
per cube yard per day, and giving 5,228 units of purification, was also not working up to its 
full power. The effluent obtained was of good quality, apart from its suspended solids, 
the figures for percentage purification being (a) 85 and (c) 92, 
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Horfield, treating 151 gallons per cube yard of a weak precipitation liquor (strength = 
36), gave 4,530 units of purification and a very fair effluent, but the percentage purification 
was not high, viz. :—(a) 83, (c) 75. As at Leeds, however, very largely increased volumes 
are treated at Horfield in times of storm. 


The Dorking experiments with precipitation liquor were interesting. In Experiment 
I the working of the filter—at that time not quite mature and treating a fairly strong 
liquor, not very well clarified (suspended solids = 8)—was considerably interfered with 
by surface growths. During Experiments II and III the filter was mature, and the liquor 
treated, which was of average strength, was better clarified (suspended solids = 6 and 5, — 
respectively). The results were :— 


(II.) 9,152 units of purification, with percentage purification (a) 94, (c) 89. 
(III.) 10,941 units, with percentage purification (a) 93; (c) 88. | 
In both the two last cases the effluents were very fair. 


The foregoing results, therefore,.emphasise very strongly the fact that, within limits, 
the finer the material of a filter, the greater is the amount of oxidizing work which can be 
obtained from it. If, however, fine material is to be used, it is necessary that the liquor 
under treatment shall be very well clarified, while at the same time much labour has to — 
be expended in keeping the surface of a fine-grained filter in working order. When very 
large quantities of liquor are treated in this way, the nitrification of the effluent is not 
carried quite to its limit. . It must also be pointed out that it is only under favourable 
conditions that such a well-clarified liquor as that at Chorley can be produced ; thus, the 
sewage has to be of average or under average strength, and large quantities of precipitant 

have to be added, unless quiescent settlement can be given. 3 | 


From the above results we draw the following broad conclusions :— 


(1) The volume of precipitation liquor which can be treated upon filters of 
coarse material depends mainly upon the strength of the liquor. 


(2) The volume which can be treated upon filters of fine material depends not 
merely upon the strength but also wpon the degree of clarification of the liquor. 


For deep filters of coarse material, about 150 gallons of liquor of average strength 
(strength = 50 to 60), or 200 to 250 gallons of weak liquor (strength = 30 to 40), can-be 
treated per cube yard per day, with the production of a fair to good effluent. .We have 
no data with regard to the filtration of a very strong precipitation liquor through percolating 
filters of coarse material, but probably such a liquor could be treated successiully at the rate 
of 75 to 100 gallons per cube yard per day. . 


Shallow filters of fine material—From very strong sewages it is difficult to obtain a 
thoroughly well-clarified precipitation liquor; for this reason percolation through fine 
-material is probably inadvisable in such cases, though the restilts obtained at Normanton — 
show that, on a small scale and with a constant flow, 100 gallens per cube yard per day 
of a strong liquor (strength = 92) can be treated in this way so as to yield a very fair effluent. 
With a clear liquor of average or under average strength (strength = about 50), 300 to 400 
gallons per cube yard per day can be successfully treated upon shallow percolating filters 
~of fine material. 


We have no actual data with regard to the filtration of very weak precipitation liquor. — 
Although, in theory, a relatively—or more than relatively—larger volume of this could be 
treated on fine-grained shallow filters, we think that in actual practice it would probably — 
be found difficult to get much more than 500 gallons per cube yard through the filtering — 
material in one day. If, to meet this difficulty, the filter were made coarser-grained, its — 
internal surface area would be lessened and—with this—the amount of purification which ~ 

it could effect. 





SUMMARY. 


It may be convenient if some of the chief points in this Memorandum are — 
summarized :— 


1.—In order to measure the work done by a biological filter, we determine the 
strength ” or oxidizability of the sewage or sewage liquor going on to it, and of the 
effluent coming out. The difference between the two represents the purification effected 
by the filter (p. 10). 
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_ 2.—The oxidizability of an effluent (which can be estimated exactly by Dr. Adeney’s» 
“aeration” method)—at all events of an effluent which is fairly well purified—can be 
arrived at pretty accurately, after a simple analysis, by the application of the formula : 
—(ammoniacal + organic nitrogen x 4:5) + (volatile matter of suspended solids x 2) — 
(nitric nitrogen x 3). 


__ The figure so obtained represents the number of parts by weight of oxygen which are 
still required to fully oxidize 100,000 parts of effluent (p. 12). 


3.—We use the term “ units of purification ”’ as giving an (approximately) quantitative 
measurement of the work done by a filter. The number of units of purification is obtained 
by deducting from the “ strength ” figure of the sewage or sewage liquor passing on to the 
filter the “ strength ” or oxidizability figure of the effluent, and multiplying the figure so 
obtained, which represents the amount of oxygen used up, by the number of gallons treated 
per cube yard of filter per day* (dry-weather flow or constant flow, as the case may be).+ 
It must however be clearly understood that this proposal is only meant to apply to the 
case of good, or at all events fairly good, effluents. In the case of a bad effluent it may be 
misleading, for, as a general rule, the more sewage liquor passed through a filter with a 
poor result, the greater the number of units of purification by this method of calculation. 


4. Treatment of Crude or Partially Setiled Sewage upon Double Contact Beds.—The 
volume of sewage which can be treated by double contact, so as to give a fair or good 
effluent, Varies almost inversely as the “ strength,” e.g., 24 gallons per cube yard per day 
of sewage with a strength of 164, or 58 gallons of sewage with a strength of 60. During 
the “ economic life ’ of the beds, an average of 3,000 to 4,000 units of purification per cube 
yard of filter per day may be looked for in the treatment of crude or settled sewage upon 
primary beds of coarse material and secondary beds of fine material, an effluent of fair to 
good quality being produced (p. 14). . 7 


5. Crude or Partially Settled Sewage wpon Percolating Filters—Broadly speaking, the 
volume of such sewage which can be treated upon percolating filters, with the production 
of a good effluent, depends mainly upon its strength, especially if no complications ensue 
through the choking of the filter and if the latter is working up to its fullpower. Twenty 
to 25 gallons per cube yard per day of a sewage whose strength is about 170, or 60 gallons. 
of sewage with a strength of 60, can be successfully dealt with upon filters of medium to: 
coarse material, 2,500 to 3,500 units of purification being obtained (p. 16). When the 
sewage is well settled, about 100 to 120 gallons of such sewage with a strength of about 80: 
can be filtered per cube yard per day, and 7,000 to 8,000 units of purification, or probably - 
even more than this,t obtained. In this case, therefore, the process is comparable with 
the treatment of septic tank liquor upon percolating filters. 


6. Septic Tank Inquor upon Single Contact Beds—The volume of septic tank liquor 
which can he treated by single contact probably varies inversely as the strength of the liquor, 
but the data in this case are inconclusive (p. 17). Primary beds of medium to coarse or 
medium to fine material, 4 to 5 feet deep, may be expected to give from 3,000 to 4,500 
units of purification, when dealing with either strong or weak liquors. If the tank liquor: 
is a weak one, and if the material of the bed is fine, this purification will be sufficient to- 
yield a good or fairly good effluent, but not otherwise. A weak liquor, of strength 30 to: 
50, and containing up to 6 or 8 parts of suspended solids, can in this way be successfully 
treated at the rate of 100 to 150 gallons per cube yard per day. Asa rule, however,. 
septic tank liquors are too strong to allow of one contact being sufficient to give a good 
effluent (p. 18). 


7. Septic Tank Liquor upon Double Contact Beds.—The volume of septic tank liquor 
which can be successfully treated by double contact depends mainly upon its strength, but. » 
the less suspended and colloidal solids the liquor contains, the longer will the beds retain 
their capacity. Upon primary beds of medium to fine material, 3 or 4 feet deep, a strong 
liquor of strength 90 may be treated at the rate of 50 gallons per cube yard per day; a 
liquor of strength 70 at the rate of 70 gallons ; and a weak liquor of strength 40 at the rate 
of 100 gallons. From 3,500 to 4,500 units of purification may be expected here, with the 
production of good effluents (p. 20). The Accrington experiments go to show that 
double contact beds will, during their first year of work, at the rate of two fillings per day, 





_* Instead of using gallons per cube yard as the multiplicator, litres per cubic metre may be taken. 
_+ For a modification of this statement, c/. the second addendum to this paper, pp. 5)-5!. 
t Of. Report to the Commission on the Dorking Experimental Installation, Part I, by E. H. Richards 
(this Appendix). os . 
6225.—App. IV. E 2 
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treat 75 gallons of strong or 150 gallons of weak liquor and will give 5,000 to 6,000 units of 
purification for the first year. Their aggregate working power will, however, gradually fall 
off as the beds lose capacity (p. 20). 


8. Septic Tank Liquor upon Percolating Filters.—The volume of septic tank liquor 
which can be treated upon percolating filters varies more or less inversely as the strength. 
A percolating filter of coarse or of medium to coarse material, and from 6 to 9 feet in depth, 
may be expected to give from 7,000 to 11,000 units of purification when treating either — 
strong or weak tank liquors, and to yield good effluents. This would correspond to 80 
gallons per cube yard of a strong liquor of strength 113, or 150 gallons of a slightly weak 
liquor of strength 58. The less coarse the material, provided that it can allow the free 
passage of effluent suspended solids through it, the greater is the relative purification per 
cube yard (p. 22). The Accrington Experiments I., Il., and II. go to show that 
percolating filters of coarse material, 6 feet deep, can treat a strong septic tank liquor 
(strength = 73 to 85) at a rate of 100 to 125 gallons per cube yard per day, or a liquor 
of half this strength at a rate of 200 to 250 gallons, can give from 8,000 to 9,000 units of 
purification, and can produce at the same time a good effluent.* 


9. Precipitation Inquor upon Single Contact Beds——Our data with regard to this 
process are rather few, but they indicate clearly that—as in the case of settled sewage and 
septic tank liquor—single contact of precipitation liquor from strong sewages is not suffi- 
cient to produce a good effluent. The better clarified the liquor is, the more of it can be 
treated. The very well-clarified liquor at Kingston-on-Thames, with a strength of about 
50, was treated for over six years upon an experimental coke bed of medium to coarse 
material, 3 feet deep, at a rate of 250 gallons per cube yard per day (four fillings), giving 
10,800 units of purification and producing a fair to good effluent. A more dilute tank 
liquor, equally well clarified, might be treated in even larger volume than this, so far as 
the “ strength ” was concerned, but it is doubtful whether more than four fillings per day 
would be practicable on a large scale for any length of time (pp. 22-24). 


10. Precipitation Liquor upon Double Contact Beds.—We have had no actual experi- 
ence of this process, which would be applicable to precipitation liquors from strong sewages. 
We should not expect, however, to obtain such a high figure for units of purification as in 
the treatment of medium or weak liquor by single contact. Probably about 6,000 to 7,000 
units would be the maximum obtainable. This would correspond to about two to two 
and a half fillmgs per day of a liquor of strength 100, or about three to three and a half 
fillings of a liquor of strength 75. 


11. Precipitation Inquor upon Percolating Filters.—In this case it cannot be said that 
the volume of precipitation liquor treated per cube yard of filter at the different places 
under observation varied inversely as the strength. The main reason for this is that sus- 
pended solids can be reduced in most precipitation liquors to a very low figure, in which 
case very fine material may be used for the filtration of large volumes. At the places which 
were under observation the filtering material varied greatly in size and the liquors contained 
very different quantities of suspended solids. With material of a given size, the curves 
representing strength and volume would no doubt bear an inverse relation to one another. 
From the results obtained with percolating filters, of coarse and fine material respectively, 
we have, however, arrived at the following broad conclusions :— 


(a) The volume of precipitation liquor which can be treated upon filters of 
« coarse material depends mainly upon the strength of the liquor. 


(6) The volume which can be treated upon filters of fine material depends 
not merely upon the strength but also to a marked extent upon the degree of 
clarification of the liquor (p. 26). 


Upon deep filters of coarse material, about 150 gallons of precipitation liquor of about 
average strength (strength 50 to 60) or 200 to 250 gallons of weak liquor (strength 30 to 40) 
can be treated per cube yard per day, yielding up to about 8,000 units of purification, and 
producing a good effluent. In the case of very strong liquors the volume would probably 
have to be more than proportionately reduced (p. 26). 


Upon shallow filters of fine material, a clear liquor with a strength of 50 can be treated 
at the rate of 300 to 400 gallons per cube yard per day, giving about 18,000 units of 
purification, and producing a very fair to good effluent. It has to be borne in mind, 





* Experiment IV. showed that, under favourable conditions of summer weather, even larger volumes 
than these can be treated (this Appendix, p. 71). 
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however, that filters of very fine material working at this rate have to be constantly washed 
_and scraped. About 500 gallons per cube yard per day would probably be the largest 
volume of any liquor, however weak, that could be coped with practically on such filters 


(p. 26). 


The following table gives an approximate idea of the relative purification which can 
be effected by different kinds of filter treating different liquors, so as to produce a fair to 
good effluent :— 








Units of Purification :— 
On the basis of gallons On the basis of litres 
per cube yard. per cubic metre. 
‘Crude or partially settled sewage upon Coupled viet as 
contact beds - - - - - - 3,000 to 4,000 18,000 to 24,000 
Crude or partially settled sewage upon percolating 
filters - = 7 - - - - 2,500 to 3,500 15,000 to 21,000 
Well-settled sewage upon percolating filters - 7,000 to 8,000, and | 42,000 to 48,000, and 
probably up to 11,000 probably up to 65,000 
Septic tank liquor upon single contact beds - - 3,000 to 4,500 18,009 to 27,000 
Septic tank liquor upon double contact beds - 3,500 to 4,500 21,000 to 27,000 
- Septic tank liquor upon percolating filters - - 7,000 to 11,000 42,000 to 65,000 
Precipitation liquor upon single contact beds — - Up to 11,000 Up to 65,000 
Precipitation liquor upon double contact beds —- |Probably up to 6,000 to 7,000| Probably up to 36,000 to 
42,000. 
Precipitation liquor upon :— 
(a) Percolating filters of coarse material = - Up to about 8,000 Up to about 48,000 
(b) Percolating filters of fine material - _Up to about 18,000 Up to about 107,000 
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TABLE. II.* bopeeaes dl 
Sige. Boh fstony hier airy ag | ot tystt—taqeee 
Filter Effluent ; Figures of Analysis. setulae eats ests Bday 
ae ys el | (a) (b) ) 
T | 
Nature of pa euai “ Oxygen ; 
liquor SEED. Ammon- | absorbed” | Whole Effuent | P' 
treated CCETIOE iacal : N + Effluent Effluent without 
pontine treated. iS Volatile | from os Nitric eae ding without Suspended 
lids. i ; Ss d : 
seid SOE Perman- Nitrogen puspended eee Solids and 
: Nitrogen. ganate in olids. Nitrate. 
4 hours. 








ACCRINGTON, EXPERIMENT I.—Sepric Liqguor AND PERCOLATION. 
Strong Liquor -| 85:2 1-79 5-4 3-39 2-26 12° 1-7 





Weak Liquor -| 48-0 1-43 3-9 2-28 1-53 9-6 1:8 





Septic Liquor AND SINGLE ConTACT. 














Strong Liquor. = | 85-7 3°64 5-0 4-64 0:06 - p< B55 BB 
Weak Liquor -j| 42:0 1-54 3:1 2°19 0-10 17:2 icfaidoy 
Septic LiqguoR AND DOUBLE CONTACT. 
Strong Liquor - | 85-7 2-94 4-1 313 | 066 16:3 81 
| 
Woak Liquor -| 420 | 086 | say 1-0 142 | 0°63 4-0 ay) aah 








ACCRINGTON, EXPERIMENT II.—Sepric Liquor AND PERCOLATION. 


Strong Liquor -| 81-2 O79 1:5 eset 3°25 t-3-2 —6:2 
Weak Liquor - 40°5 0-53 eo 0-99 1-89 —07 — 3:3 





Septic Liquor AND SINGLE CONTACT. 





Strong Liquor -| 83:3 3°24 6:2 4:28 0:05 35°4 23°2 





Weak Liquor - 42-2 1°56 2-7 2°14 OO ie Ok 10-7 





Sspric LiguoR AND DovuBLE CONTACT. 























Strong Liquor -| 83:3 P85) 4-1 2°86 0-64 14:0 58 
(+0°33 
Nitrous 
Nitrogen). 
Weak Liquor - | | 
42-2 0-70 | 2:0 1:23 1:00 4-2 0-2 
| 
ACCRINGTON, EXPERIMENT III.—Septic Lieuor ANp PsRCOLATION. 
Strong Liquor (A) | 73-2 1-07 BB 3-61 2°32 8-8 2-2 
Weak Liquor (B) 40°7 0-59 2°6 1:94 1:36 3°8 —14 














* This table is explained, so far as is necessary, on pp. 12-13. 


+ Note.—The figures in columns’ B, C, D, and E, in all the sheets of Table II., represent parts per 100,000 
} The minus sign indicates that the oxygen present in the form of nitrate was, to the extent of the figure aga 





lons of 
iquor 
ited per 
ye yard 
filter 
Bear | 
nstant 
low). 


100 


200 


144-4 
297°6 


“1 
by 


148-8 


100 
100 


103-2 . 


1158 


125 


250 


Units of! 
Purification 


per 
cube yard 

of filter (cf. 
“units” of 
purification, 


p. 27). 


7,310 


7,680 


7,249 
7,380 


5,011 : 


8,440 © 
4,120 


A,Q44 
3,024 — 


8,050 


9,225 
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> “TABLE IIL 





be 


Percentage Purification :— 








5,654 | 




















(a) (b) (c) (d) 
Ore Atioss On Atmos- On 
pheric | Gpherie © Oxygen, | General quality of | 
On Atmos-| Oxygen vse ieee Effluent (considered | q- : 
hang | taken up, | from Per- : Size of material 
pheric | taken up, laaesmorhie Ce from the standpoint: ty Miter. - 
‘ Oxygen | leaving out f 'S , ry of a final Effluent). . 
taken up | of account | °2070unt | In & hours 
ahiaho the Sus- | the Sus-. | (including 
pended | the Sus- 
i Nash ae Solids and; pended 
HeaAtiout Nitrate of |Solids of the 
‘ithe Effuent.| Effluent). 
86 98 90 62 Good, . apart from | Coarse. 
solids. 
80 96 87 5D Good, apart from | Coarse. 
solids. : 
59 | 70 70 48 Bad. Medium to coarse. 
59 | 74 73 51 Bad. Medium to coarse. 
81 91 88 65 Fair, apart from | Secondary,. fine. 
solids. ; 
90 95 ou 68 Good. Secondary, fine. 
~ 104 108 96 81 Very good, Coarse. ' 
102 108 88 76 Very good. Coarse. 
58 G2 12 50 = || ‘Bad. Medium to coarse. | 
62 75 13 50 Poor. Medium to coarse. 
83 93 90 66 Very fair, apart | Secondary, fine. 
from solids. 
90 100 92 71 Good, apart from | Secondary, fine. | 
| solids. 
88 103 93 57 Good, apart from | Coarse. 
solids. : 
91 103 93 59 Good, apart from | Coarse. 
solids, but not so 


























good as (A). 











we liquor or effluent. 
+h it is placed, more than sufficient to oxidize the ammonia and organic matter in the effluent. 


. Depth 
of 
filter 
(feet). 


3 ft. 
3 ft. 


3 ft. 


3 ft. 
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TABLE I].—continued. 





Filter Effluent ; Figures of Analysis. 








C. D. E, 


Strength of Oxidizability 
of Filter Effluent :— 





an Sal. B 
Calculated 
Nature of 
liquor strength Ammon- 
treated of liquor iacal 
aaa treated. Volatile 
a + | Solids. 
rganic 
Nitrogen. 














DORKING EXPERIMENTS. 





SETTLED SEWAGE AND PERCOLATIOIN. 


November, 1905 80:1 m9 3°88 
to 
November, 1906. 
SEPTIC LIQUOR AND PERCOLATION. 
November, 1905 81:6 oe Oe 4°67 


to 
November, 1906. 


PRECIPITATION Liquor AND PERCOLATION. 


Experiment I. 
10 grains Alum- 3°17 
ino-ferric. Feb- 
ruary 6th to 
July 2nd, 1906. 


Experiment II. | 
5 grains Lime+10 | 53-5 
grains Alumino- 
ferric. July 11th 
to August 20th, | 

1906. 





Experiment III. 


ie)! 
oo 
oo 


E grains Lime-+-10 
grains Alumino- 
ferric. August 
29th to November 
10th, 1906. 


1°41 3°14 




















(a) (b) (c) 1 

Oxyg 

Whol £ used uJ 

‘“ ole fluent | produc 
abecea” | Niteig | Effluent, | Even’ | without | tl 
from Per- | Nit including Suspended | Efflue 
j rogen. Suspended ; . 
manganate Suspended Solids Solids and (Baa 
in 4 tere Solids. ; Nitrate. t 
: 

aaa 3 

i 

| 

2°93 9-6 8°8 8:8 71: 
3°60 2°9 11:2 10°5 70: 
2-61 1:9 181 14:3 50: 
1:80 2°9 . oo 6:2 5i9 
1°75 2-9 3°9 63 51: 
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TABLE II.—continued. 

































































Depth 


filter 
(feet). 


6 feet. 


6 feet. 


6 feet. 


6 feet. 





“F. G. GT. i. I 
Percentage Purification : — 
ullons of (a) () On re (d) 
liquor On Atmos- Nene On 
ated per| Units of pheric ae on | . Oxygen | General quality of 
ibe yard |Purification| On Atmos-| Oxygen ye a oe absorbed” | Effluent (considered | Size of material 
\f he ger Asie Nua UP: leaving aoe on ae somes Fates in filter. 
Retant “of filter Siem up | of Cent Oa ie Hears oer = Bee 
flow). in the the Sus- ae (including 
process. ene Sclids and | ‘B® ae 
th tae al Nitrate oti feo fee 
e Effluent. the Effluent Solids of the 
‘| Effluent). 
120 | 8,556 89 99 89 62 | Fair. Filter was | Coarse 
maturing through- 
out this experiment. 
120 8,448 86 98 87 53 Moderate. Filter was Coarse 
maturing through- 
out this expe1iment. 
120 6,084 74 88 19 62 Not very good. This Coarse 
purification was 
affected by growths. 
Filter not really 
quite matured dur- 
ing this experiment, 
i 
175 9,065 93 105 5) 62 Very fair or fair. Coarse 
211 10,845 93 105 90 §2 Very fair or fair. Coarse 
6225,—App. IV. 
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TABLE II.—continued. 




















aS Be C. D. 3 
Filter Effluent ; Figures of analysis :— SU peel + on 
(@) ) 
Calculated 
trength “ 
Plae-. Peta? Ammon- Oxygen Whole 
t sere eae Yc . iesthed «i aye Effluent Eiffivient 
treated. Volatile L INDOruG | pe re without 
as Solids. 4.£20M Fol Wit roca sone ete. || Guspenided 
Organic ‘ | manganate ak Suspended Sali Ka 
Nitrogen. | in 4 hours. Solids. pei. 
: | 
SEWAGE AND SINGLE CONTACT. 
Oldham - 51-1 2°0 say, 3°8 0-99 0°31 15:7 81 
(Settled. ) 
1903-4. 
SEWAGE AND DOUBLE CONTACT. 
Withnell 174 1:7 ap. 4°9 3°86 0-0 25:3 14°5 
(Crude.) 
July, 1904. 
*Maidstone 164 1°36 1-0 ap. 2°52 1:13 4°7 2:7 
(Crude.) 
September, 1903. 
Leeds - - ileal 0°62 17 ap. 0-75 6°35 5°23 18 
(Crude.) 
February and 
March, 1899. 
tOswestry -— - 91 114 1:4 ap. 1:76 1:06 4°7 2-0 
(Settled.) 
February, 1903. 
{Halton - 80 20 ap. | 2:0 ap. 2°52 0-72 ap 10°8 6°8 
(Settled.) 
July, 1903. 
Sheffie'd = - - 576 0-46 1-2:ap. 0°60 16 5:1 2°7 
(Settled ) 
1903-4. 
SEWAGE AND TRIPLE CONTACT. 
§Hampton -— - | 093 Tr. 1-31 2°62 =e 237 
(Crude. ) 
June, 1902. 
SEWAGE AND PERCOLATION. 
Leeds (Ducat) 172°6 0:29 (%) 0°34 1-20 — 2:3 
(Crude.) (weak) 
June, 1900. 
Little Drayton (B)| 165 1‘74 4°D ap. 2°92 3°48 6°4 —26 
(Settled.) 
April, 1905. 
Leeds Filter -| 123 1-26 416-0 3:09 0°35 36-7 4-7 [7] 
(Crude.) (weak) 
Dec., 1903. 
Clifton (Settled) - | 123 1:06 16 1:10 0-80 58 2°6 
January, 1904. 
Hendon (Ducat) - | 107 1°92 ap. 3:0 2°65 2°23 MES 1-9 
(Crude.) 
September, 1903. 
Dorking Experi- 80°1 2°19 3°88 2°93 2°6 8°8 1-2 
. mental (Settled.) 
Nov., 1905, to 
Nov., 1906. 
Leeds (Settled) - 59-7 0-57 | say, 9:0 if 1-24 16°9 -1:3 
1904, (weak ) 














(¢) 


Effluent 
without 
Suspended 
Solids and 
Nitrate. 











1754 


174°9 
158°6 
86°3 
117-2 
99:1 


713 


42°8 


* Maidstone. 





3 Hourly sets of crude sewage and 9 chance samples of effluent. 
t Oswestry.—4 Hourly sets of settled sewage and 10 chance samples of effluent. 


lons of 
yuor 
ted per 
e yard 
filter 
r day 
dry- 
ather 
w or 
stant 
Ww). 


13 
Tage 
ntity). 


). W.F.) 
actual 
ntity) 














Units of 
Purification 
per cube 
yard of 
filter. 


2,584 


2,706 


3,998 


3,538 


3,737 
7,335 


3,150 


7,555 


4,373 


2,411 


4,488 


1,828 


3,964 


8,556 


2,696 
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TABLE II.—continued. 






































Gals ire I. ay 
Percentage Purification :— 
(a) (b) (c) (d) 
On Atmos- On ; 
On Atmos- 5 General quality 
. pheric | ‘‘ Oxygen : Depth 
On Atmos- ae Oxygen | absorbed” Tera gues Size of Material of 
pheric ee taken up, | from Per- Pe cies bo in filter. filter 
Oxygen ie on leaving out | manganate Fa (feet). 
taken up rs ving ONG of account | in 4 hours final neue): 
iatties | Cmocount the Sus- | (including 
the Sus- 8 
process. pended the 
pended Soli ; 
: Solids and | Suspended 
Solids of oe Spel 
the Effluent, Nitrate of |Solids of the 
the Effuent.| Effluent). 
69 84 82 68 Moderate. Medium to fine. 1 ft. 6 in, 
to 3 ft. 
86 92 92 82 Not satisfactory. Primary, coarse. 5 ft. 
Secondary, 3 ft. 6 in. 
medium. 
97 98 96 88 Moderate or fair. | Primary, coarse. | 3 ft. 4 in. 
Secondary, fine. | 4 ft. 4in 
96 99 98 93 Moderate. Primary, coarse. 5 ft. 
Secondary, 6 ft. 
medium. 
95 98 94 83 Fair. Primary, medium | 4 ft. 6 in. 
to coarse. 
«| Secondary, 4 ft. 6 in. 
medium. 
87 92 89 70 Indifferent. Primary, coarse. |4 ft. 3 in. 
Secondary, 3 ft. 3 in. 
coarse. 
91 95 87 86 Good. Primary and| 3 ft. 
) Secondary, 
medium to fine. 
102 102 98 92 rood or very good. | Primary, coarse. 4 ft. 
Secondary, 4 ft. 
medium. 
Tertiary, fine. 4 ft. 
101 over 101 99 98 Very good. Medium. 10 ft. 
96 102 95 84 Good to fair. Medium. 7 ft. 6 in. 
70 96 95 70 Fair. Very coarse. 11 ft. 6 in. 
95 98 96 93 Good to fair, Very fine to |. 4 ft. 
coarse. 
93 98 92 77 Good, when settled.| Medium. 8 ft. and 
10 ft. 
88 99 89 62 Fair. Coarse. 6 ft. 
72 102 96 71 Good, apart from | Coarse. 9 ft. 6 in. 
solids. 
t.Halton.—3 Hourly sets of crude sewage and 5 chance samples of effluent. 
§ Hampton.—3 Hourly sets of crude sewage and 12 chance samples of effluent. 
F2 
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TABLE II.—continued. 















































A. =D: C. D. K. 
Filter Effluent ; Figures of Analysis. poo ae of 
(a) (b) (¢) 
Oxygen 
Calculated used up ii 
Place, | figuor | Ammon: Hoe Whole | ymiuent | fluent | this! 
t iacal rps absorbed me Effluent, : without 
reated. Volatile |"; Nitric). 4 without Effluent 
+ Solids, | e™ £ Ore cea including | gjsnended Suspended| (py 
Organic " | manganate 8°M- | Suspended R if d Solids and (B- Dy 
Nitrogen. in 4 hours. Solids. weer Nitrate. 
Septic LiquoR AND SINGLE CONTACT. 
Hartley Wintney | 108 1-76 2°4 3°14 1-4 ap. 85 3°7 79 99°5 
(A) 
January, 1904. 
*Hartley Wintney ; 108 4°3 54 3°26 0-95 27°3 16°9 1o:8 80-7 
January, 1904. 
Manchester - - | 106 1:93 |say,3°6 2°73 0:31 (a)15:0- |(a) 78 (a) 87 (a) 91:0 
April, 1903 to (b\23-8 [(b) 166 |(b) 17-5 | (b) 82-2 
December, 1904. 
Exeter (Main vo 4-0 ap. 3°2 3°67 0°21 31-2 24°8 25°4 67°8 
Works) 
June, 1903. 
Andover - - 90 5°87 73 4°3 0:0 50°5 35°9 35-9 39°5 
Octobcr, 1904. 
Accrington - - 85°7 3°64 5:0 4°64 0-06 35°5 25°5 25-7 50-2 
Experiment I. 
Strong Liquor. 
Accrington - - 43°0 1-54 So 2°19 0-1 Lice 11:1 114 25°8 
Experiment I. 
Weak Liquor. 
Accrington - - 83°3 3°24 6:2 4-28 0:05 35-4 23°2 23°4 47-9 
Experiment II. 
Strong Liquor. 
Accrington - -| 42:2 1°56 Dt 2°14 0-2 16°1 10°7 11:3 26:1 
Experiment II. 
Weak Liquor. 
Exeter (Old 39 1-4 ap. OF 0°85 1-46 3°0 16 TDG) 36-0 
Works) (B) 
June to July, 
1903. 
+Slaithwaite 35°6 1°29 10 ap. 2°15 0:52 6°3 43 oo 29 3 
June, 1902. Hourly. | : 
35°2 
Chance. 























* Hartley Wintney.—3 Hourly sets of tank liquor compared with 7 chance samples of effluent. 
+ Slwithwaite—3 Hourly sets of tank liquor compared with 7 chance samples of effluent. 
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TABLE IL.—continued. 


























F. G. Gl. ab i: Fé 
Percentage Purification :— 
Gallons 
of liquor (a) (b) 3 ie) () 
treated per n Atmos- n - 
cube yard | Unite of arene pheric | “Oxygen | General quality of Depth 
gg reetion) On Atmos: Oxygen Oxygen | absorbed Effluent (considered | Size of Material of 
per day ro hake taken u takom wp, | om er from the standpoint in filter. filter 
(dry- | cube yard | Oxygen ianine sae leaving out) manganate of a final Effluent). (feet). 
weather of filter. | taken up of oe ee of account | in 4 hours 
flow or in the the the (including 
constant P©OCess. |e ended | Suspended the 
flow). E Soli ds of | Solids and | Suspended 
thekAaent Nitrate of |Solids of the 
‘|the Effluent.| Effluent). 
73 7,264 92 97 93 76 Moderate. Medium to fine. 4 ft. 
73 (1) | 5,871 15 76 82 75 | Poor. Medium to fine. | 4 ft. 
77 (aver- | (a) 7,007" | (a) 86 (a) 93 (a) 92 68 Rather poor. Medium. | 3 ft. 4in. 
age quan- | (b) 6,329 | (b) 78 (b) 84 (b) 83 | 
tity). 
sk 3,729 68 65 64 64 Poor. Medium to coarse. | 4 ft. 6 in. 
115 4,543 44 60 60 43 Poor. Medium to fine. 4 ft. 
144°4 7,248 59 70 70 48 Bad. Medium to coarse.| 3 ft. 
997-6 7,380 60) 74 74 51 Bad. Medium to coarse.| 3 ft. 
103-2 4,944 58 72 72 50 Bad. Medium to coarse. 3 ft. 
115°8 3,022 62 (Cs 73 50 Poor. Medium to coarse. inaacsen 
75 ap. 2,700 92 26 85 75 Fair. Medium to fine. Sefts 
62 1,817 82 91 83 44 Indifferent. Medium to coarse | 5 [t. 
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TABLE II.—continued. 














ee a — B. cha ae C. 1) E. 
St th Oxidizability of 
Filter Effluent ; Figures of Analysis. Bar a Efiuent sa TP 
(a) (b) (¢) 

O 
caeene used aoa 
streng “ Oxygen producing : 

Place. _of Smo: io Aokhod ¢ aie Effluent ee this 
Le eee Volatile from Nitric |< uding |. Without Suspended| ~luent 
treated.7) Or oka Solids. | Perman- | Nitrogen. Suspend 5 Suspended Solids and}. (rae 

Nites Re a Solids. polids, Nitrate 
pikes heey in 4 hours. : 














Septic LiguoR AND DoUBLE CONTACT.. 











*Guildford - — - 125 1:7 ap. |. 1:0 ap. 2:77 1217 6:2 4°2 TT 118-8 
July, 1902, and 
November, 1904. 

Leeds - - - 92°4 0°38 0-2 0°51 1°75 -31 —3°5 1:8 95°5 
1901 to 1904. (weak.) 

Huddersfield - 71 0:48 1-2 ap. 153 0-49 31 0°7 2°2 74:0 
1900 to 1904. (weak.) 

Burnley - . 74:1 0°36 say, 0°2 0-78 1:0 —1:0 —14 16 7571 
1903. (weak.) 

Accrington - - 85:7 2°24 4°] 3:13 0°66 16°3 81 10:1 69-4 
Experiment I. 
Strong Liquor. , 

Accrington- — - 43:0 0°86 say, 1-0 1:42 0-63 4:0 2-0 3:9 39-0 
Experiment I. 
Weak liquor. 

Accrington - - 83°3 1-85 4+] 2°86 0°64 14:0 5°8 vou 69°3 
Experiment II. at. ( 0°33 
Strong liquor. ° Nitrous 

é Nitrogen) 
Accrington - - 423 0:70 2°0 1:23 1-0 2 3°2 380 


4:2 0: 
Experiment II. 
Weak liquor. 








* Guildford.—Five Hourly sets of tank liquor compared with seven 


F. 
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TABLE I].—continuad. ” 








Percentage Purification :— 








G. G 
Gallons of 
liquor (a) (b) 
treated ane 
per cube n Atmos- 
yard of Units of ee pee 
filter per |Purification| ~™ h mee en oye 
day (dry- | per cube ee taken up, 
weather | yard of Oxygen | leaving out 
flow or filter taken up | of account 
constant ese in the the 
flow) process. | Suspended 
Solids of 
the Effluent. 
22°7 2,697 95 97 
45 4,298 103 104 
76 5,624 96 99 
40 3,004 101 102 
(or 3,312 at 
strength of 
81°8) 
72:2 5,011 81 91 
148°8 5,654 9] 9 
51-6 3,576 83 93: 
57-9 2,200 90 100 




















(¢) 
On Atmos- 
pheric 
Oxygen 
taken up, 
leaving out 
of account 
the 
Suspended 
Solids and 
Nitrate of 
the Effluent. 


94 


98 


oF 


98 


88 
91 


91 


92 





(a) 
On 
“ Oxygen 
absorbed ” 
from 
Perman- 
ganate in 
4 hours 
(including 
the 
Suspended 
Solids of 
the Effluent) 


93 


75 


88 


65 
68 


66 


71 


chance samples of effluent; this is not a good comparison, 














H. Hi J. 
General quality 
of Effluent Depth 
(considered from | Size of Material of 
the standpoint in filter, filter 
of a final (feet). 
Effluent). 
Moderate. Primary,medium | 2 ft. 6 in. 
to coarse. 
Secondary, 2 ft. Gin. 
medium to fine. 
Good. Primary, fine to 5 ft. 
medium. 
Secondary, 6 ft. 
medium. 
Fair to good. Primary, coarse. | 3 ft. 9 in. 
Secondary, 2ft. Llin. 
medium. 
Good. Primary, coarse. 3 ft. 
Secondary,fine.| 3 ft. 
Fair, apart from | Primary,medium| 3 ft. 
solids. to coarse. 
Secondary, fine. 3 ft. 
Good. Primary,medium| 3 ft. 
to coarse, 
Secondary, fine. 3 ft. 
Very fair, apart | Primary,medium 3 ft. 
from solids. to coarse. 
Secondary, fine. 3 ft. 
Good, apart from | Primary,medium 3 ft. 
solids. to coarse. 
Secondary, fine. 3 ft. 
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TABLE II.—continued. 
A, B. C. D. E. 
: th or Oxidizability of 
Filter Effluent ; Figures of Analysis. pipet on Effluent i a. 
(a) (b) (¢) 
Oxygen 
Calculated ee tt i E 
Place. 5 erees Ammon- Oxygen Whole aitnent Effluent producing 
of Liq iacal .,. | absorbed See Effluent, . without this 
treated. Volatile Nitric | . . without , 
Solid from Per- | ys oeen including Ro naa Suspended | Effluent 
Organic ones. | manganate WPOS"M- | Suspended ah; a Solids and +} (B—D). 
Nitrogen. in 4 hours. Solids. ; Nitrate. 











Septic LIQUOR AND PERCOLATION. 








Caterham - =i 61 76 2°8 ap 5°22 8:2 (+ 0-7 14:0 84 | 34:3 147 
April, 1902. nitrous 
nitrogen). 
Birmingham -|{ 113 3-44 Isay,5°5 2°58 ot 20-2 9-2 15°5 92:8 
- 1906. (weak) 
; Guildford - -| 109-2 1-0 69 3°37 4°5 4:8 - 90 4:5 104-4 


(4 samples). 
May toJuly, 1907. 














*Guildford - - 90°3 1:0 6°9 — 4°5 4°8 — 90 45 oo) 
May toJuly, 1907. 
Accrington - - 94 3°18 10°3 5°08 2°16 28°4 7:8 14°3 65°6 
May toSeptember, 
1901; 
Accrington - a 85°2 1:79 54. 3°39 2°26 121 dey 8°5 Cod 
Experiment I. 
Strong liquor. 
Rochdale - - 83 0:97 33 1°68 215 4-4 — 2°2 43 78:9- 
May, 1904. 
Dorking - - 81:6 2°34 4:67 3°60 2°9 i ag) 19 =| «106 70°4 
(Experimental.) 
November, 1905, 
to November, 1906. 
Accrington - - 81:2 0:79 L:5 1:54 3°25 — 32 — 62 3°6 84:4 
Experiment IT. 
Strong liquor. ; 
Huddersfield - eel 70:41 88 1:29 + 1-0 16-4 -~ 10 2-0 62°77 
1903-4. (weak) 
Leeds - - - 75°8 O79 = (2) B74 1:60 1:08 (hy, — O04 3°6 68°6 
1900-1903. (weak) 
Accrington - - 73°2 1:07 55 3°61 2°32 8°8 — 22 48 64:4 
Experiment III. 
Strong liquor. 
York - - - 58 0°30 0°93 Let] 2°22 — 3:5 — 5:4 1°3 61:5 
November, 1903. 
Accrington - * 48-0 1-43 3°9 2:28 1:53 9°6 2-0 -6°6 38-4 


Experiment I. 
Weak liquor. 
Accrington - - 40°7 0°59 2°6 1-94 1°36 — 3°8 — 1-4 27 36°9 
Experiment III. 
Weak liquor. 
Accrington - . 40°5 0°53 1:3 0-99 1-89 - 07 — 33 2-4 41-2 
Experiment II. 
Weak liquor. 


Prestolee -  - 22 0:23 0-0 0:31 0:33 0 0 1:0 
November, 1903. 





Lo 
wy 
(ae) 


SE MENON 
* Guildjord.—Allowing in the second case the normal ratio between the “ oxygen absorbed” at once and in four hours by 
the tank liquor, 7.e., 1: 3:5. This second caleulation is to be taken in preference to the first. 





=" 3ans 


4 
Gallons of 


‘ liquor 
treated 










50 


140 
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TABLE II.—continued. 






































G. eee i i J. 
Percentage Purification :— 
(a) (b) he Pa) 
On Atmos- OntA tmioe: pe On General quality 
pheric | Grom absorbed? | , of Bfiluent 
; On Atmos-} Oxygen (considered from 
eee pheric | taken up, ease ie a na the standpoint Size of material oe o 
pat he Oxygen | leaving out f ae rep pai of a final in filter. f ig 
P taken up | of account | ° SCCOUR th Ape eeu Effluent). (feet). 
yard of win the Sus. | the Sus- | (including 
filter. process. pended pended the 
Saideiot Solids and | Suspended 
ihe Effluent Nitrate of | Solids of 
‘the Effluent.'the Effluent) 
4,557 91 95 79 49 Fair. Medium to coarse.| 5 ft. 
7,656 82 92 86 78 Fair to good. Medium to coarse.|6 ft. to7 ft. 
5,220 96 108 96 78 Good. Coarse. 6 ft. 
4,275 95 110 95 oe Good. Coarse. 6 ft. 
9,184 70 93 85 45 Good to fair (apart) Coarse. 7 ft. to 
from solids). 9 ft. 
7,310 86 98 90 62 Good (apart from} Coarse. 6 ft. 
solids). 
11,125 95 103 95 84 Good. Coarse. 9 ft. 
(settled 
effluent) 
8,448 86 98 86 53 Moderate. Coarse. 6 ft. 
8,440 104 108 96 81 Very good. Coarse. 6 ft. 
6,897 81 101 97 79 Good (apart from] Coarse. (eis 
(settled solids). 
effluent) 
4,322 90 101 95 74 Good (apart from] Coarse. 9 ft. 6 in. 
solids). 
8,050 88 103 93 57 Good (apart from} Coarse. 6 ft. 
solids). 
9,225 106 109 98 84 Very good. Coarse. 6ft, 6in. 
and 7 ft. 
8 in. 
7,680 80 96 86 55 Good (apart from! Coarse. 6 ft. 
solids). 
9,225 ee 103 93 59 Good (apart from) Coarse. 6 ft. 
solids). 
4,120 102 108 94 76 Very good. Coarse. 6 ft. 
1,012 100 100 95 89 Exceptionally good.| Fine to coarse. 5 ft. 
+ At Huddersfield the filter effluents are settled before being analysed. 
G 
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TABLE II.—continued. 





C. 


Filter Effuent ; Figures of Analysis. 





A B. 
Calculated 
strength 
Place. : _| Ammon- 
ofLsgne | pea 
re ; sm 
Organic 
Nitrogen. 

















1 


Strength or Oxidizability of 


Filter Effluent —— 








PRECIPITATION LIQUOR AND SINGLE CONTACT. 


*Calverley (B.) - 
July, 1904. 
Kingston - - 
(Experimental). 
July, 1903. 
tHeywood - 

(1903). 





124 


51 


40:2 


3°39 


2°16 ap 


bo 
bo 
lor) 


PRECIPITATION LIQUOR AND PERCOLATION. 


Normanton (B) 
March, 1904. 
ii] Withnell (A) 
July, 1904. 
4] Withnell (X) 
1903-1905. 
Dorking - - 
(Experimental) I. 
10 grains Al. 
Ferric per gallon. 
February 6th to 
July 2nd, 1906. 


Dorking - - 
(Experimental) IT. 
5 grains Lime, 
+10 grains Al. 
Ferric. July 11th 
to Aug.20th, 1906. 


Dorking 


(Experimental) III. 
5 grains Lime, 
+10 grains Al. 
Ferric. Aug. 29th 
to Nov.10th, 1906. 

Leeds - - 
July, 1904, to 
March, 1905. 

** Chorley - - 

JulyandAug., 1903 

+t Rochdale 
September, 1906, 
to July, 1907. 

Horfield — - - 

May, 1903. 





oO 
— 
os) 


39 


36 








3°09 
372 

0-31 
3°17 


1-41 











i (a) (b) (c) 
“Oxygen Whole Effluent 
., | absorbed ” Nitri Effluent, ae ar without 
ee from Per- | y; he me | including Suspended | Suspended | 
Solids. | manganate | *Y!T°8°": | Suspended | "USP. Solids and 
= P Solids . 

in 4 hours. Solids. F Nitrate. 
6-0 ap. 3°57 0°33 33:2 21:2 22°2 
O-Sap.| 0-84 1-21 77 6-1 9-7 
say, 1:0$ 0:96 0-40 11:0 9-0 10:2 

(weak) 
Te 1:36 1°30 10-0 10:0 13°9 
Le 1°92 1°65 9°3 9°3 15°3 
Say, 05 1:10 0-75 0 - 10 1-3 
4°77 2°61 1-9 18-1 86 14:3 
2°98 1°80 2°9 3°D — 2°5 6:2 
3:14 1°75 2°9 3°9 - 2°6 6°3 
1-2 0-67 166 | - 04t | Bas 2-9 
(weak) 

0-4 ap 1-14 217 0-9 0-1 6-6 
4°4 1:94 2°14 57 - 31 33 
1-56 1-60 20ap.| 6-0 2-9 8-9 








* Calverley.—Three hourly sets of precipitation liquor compared with 13 chance samples of effluent. 


{ .This is an estimate, based on the water supply. 
{ From our general knowledge of the Heywood precipitation liquor, we think that it is really st:onger than t 


above figure indicates, since it is derived from a fairly *strong sewage. 
§ This is an estimate. 


| Withnell “ 4.”—This refers to only one hourly set of precipitation liquor and one of effluent. 


_  Withnell, “ X."—Comparison of four chance samples of precipitation liquor, Nos. 489, 3,425A, 3,597, and 3,65 
with four chance Effluents from Filters A and B, Nos. 490, 3,426B, 3,598, and 3,659. This comparison is of little or no valt 





Oxyger 
used up 
producir 

this _ 


90:8 
43°3 


82:0 
71-7 
29-8 | 


fi 
7 


507 


51°83 


51:4 


33-3 


30:0 


|S 
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TABLE II.—continued. 
F. G. GI. H. Tone 
Percentage Purification :— 
. (a) (b) (¢) (4) 
Gallons of 
liquor On Atmos- Su aoe a aes s General quality 
treated d pheric Ges Ny decks of Effluent 
percube | Units of | On Atmos-| Oxygen ken f P | (considered from 
yard of /Purification; | pheric taken up, I sey Bea f a a the standpoint Spat detent 
filter per | per cube | Oxygen | leaving out Ob ae i ane iv of a final seeks are va 
day (dry-| yard of | taken up | of account | ° cee G. dette eo Effluent). ota 
weather filter. in the the Sus- a ey S08 8 mg | 
flow or process. pended ohi ad Ltd Shesandea 
constant Solids of Nikedieiet Soli ds of 
BY): ope sent. the Effluent. |the Effluent) 
: 
60(1) + | 5,448()t] 73 82 82 70 Poor. Coarse to fine. 
250 10,825 85 88 81 84 Good, or fair to | Medium to 
good. coarse. 
173 5,052 73 78 75 72 Evidently not very |. Very fine to 
good. coarse. 
98 8,036 89 89 85 82 Very fair, Very fine to 
coarse. 
63°5 4,553 89 89 81 78 Very fair. Very fine to 
coarse. 
63:5 1,892 100 103 96 62 Good, Very fine to 
: eoarse. 
120 6,084 74 88 79 62 Not very good. | Coarse. 
This purification 
was affected by 
growths. Filter 
not really quite 
matured during 
this experiment. 
‘175 9,065 93 105 89 62 Very fair cr fair. Coarse. 
211 10,845 93 105 89 62 Very fair or fair. Coarse, 
50 2,610 101 105 96 84 Good to very good. | Coarse. 
500 24,550 98 100 87: 17 Good. Very fine to 
coarse. 
157 5,228 85 108 92 63 Good, apart from | Coarse. 
solids. 
151 4,530 83 92 75 49 Very fair to good. | Coarse. 














Depth of 
filter 
(feet). 


3 feet. 
3 feet. 


4 feet 
3 inches. 


3 T6.3in- 
Jit. 3 im. 
oits oll 


6 ft. 


11. 610; 





** At the time when the hourly samples were drawn at Chorley, the flow on to the filters was, as stated above, 500 


allons per cube yard. The usual flow, however, is about 350 gallons, 
1e@ above, would be equivalent to 17,185 units of purification. 


igher quality, so the units of purification may be taken at about 18,000, on the average. 
++ Comparison of seven chance samples of precipitation liquor with seven chance samples of (nearly) corresponding 


fluent. 


tween “ oxygen absorbed ” at once and in four hours. 


SEPTEMBER, 1907. 
6225.—App. IV. 


This latter flow, with an effluent similar to 
The effluent would probably, however, be of rather 


In calculating the strength of the Rochdale precipitation liquor, allowance was made for the abnormal ratio 


GrorGceE McGowan. 


CoLIn C. FRYE. 


G 2 
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ADDENDUM (DECEMBER, 1909). 


The foregoing memorandum was sent in to the Commission in the autumn of 1907, 
much as it stands now, only a few alterations—and those chiefly of a minor 


ver 
aving been made in preparing it for the press, and one or two notes added. 


character—h | 

In view of the proposed use of a formula for effluents, Dr. Adeney has suggested that 
it would be desirable to emphasize the two following points:—(1) that the organic 
nitrogen of a thoroughly well oxidized effluent will to all intents and purposes take up no 
more oxygen; the organic nitrogen of such an effluent would therefore fall out of the 
formula for oxidizability of effluents given on p. 12; (2) that most effluents still contain 
small quantities of unoxidized carbonaceous matter. 


There are, of course, comparatively few effluents, at all events from artificial filters, 
which do not contain a little sewage liquor that has found its way rapidly through the 
filter. It is to be expected, therefore, that most ordinary effluents will have in them small 
amounts both of nitrogenous and of carbonaceous organic matter capable of undergoing 
further oxidation. 

With the object of ascertaming at what point the organic nitrogenous matter of a 
fairly good sewage effluent suffered no further oxidation from dissolved oxygen, the follow- 
ing experiments were made. In Experiments 1, 2, and 3, portions of a Dorking filter 
effluent were kept in half-full stoppered bottles, which were gently shaken from time to 
time, while the stoppers were occasionally removed for a few minutes, to allow of the 
renewal of the air. The fourth experiment (with Rochdale effluent) was done somewhat 
differently, but it is sufficiently explained in the table of analysis. 


The following results were obtained :— 
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In Experiment 2, the quantities of liquid available only allowed of the ‘ albuminoid ” 
and not of the total organic nitrogen being determined. The albuminoid nitrogen 
remained constant throughout, but the remaining portion of the organic nitrogen (the 
«“ X” nitrogen) probably suffered diminution. 


In Experiments 1 and 3, the albuminoid nitrogen of the paper-filtered effluents, 
which at the start amounted to 0°14 and 0°13 parts per 100,000, was reduced in each 
case to 0:05 part, and further reduced, after paper filtration of the completely oxidized 
effluent, to 0°04 and 0°03. Experiment 4, which deals with the Rochdale effluent, gave 
0:05 part albuminoid nitrogen for the fully oxidized effluent, after paper filtration. It 
thus corroborated Experiments 1 and 3. From these latter it may therefore be permissible 
to argue the point in question. 


The Dorking sewage being a domestic sewage of about average strength, the effluents 
from the filtration of the med septic liquor there may be considered as fairly representa- 
tive (so far as organic nitrogen is concerned) of such sewages. 


The difficulties attending the indirect determination of small quantities of organic 
nitrogen in effluents containing practically all their nitrogen in the form of nitrate, this 
being present in relatively large amount, make it inadvisable to take into consideration 
here the figures for organic nitrogen given in Experiments 1 and 3. We may, however, 
with a reasonable degree of accuracy, take the total organic nitrogen as being two to 
three times as great as the “ albuminoid ” nitrogen. On this assumption, the foregoing 
analytical results—so far as they go—show that the liquid portion of a thoroughly oxidized 
effluent from an average strength sewage will, after paper filtration, contain about 0°04 
to 0:05 part albuminoid nitrogen per 100,000, or, say, 0:1 to 0°15 part of total organic 
nitrogen. 


When dealing with well oxidized effluents derived from sewages of average strength, 
therefore, some such quantity as this of organic nitrogen may probably be neglected 
altogether in the formula for oxidizability of effluents. 


On the other hand, as has been already said, there are very few sewage effluents 
from artificial filters which do not contain small, but still appreciable, quantities of oxidiz- 
able carbonaceous matter, because of a little of the sewage liquor getting through the 
filter too quickly. 


A formula for the oxidizability of filter effluents, derived from more or less normal 
sewages, which would therefore be more correct in theory than that given on p. 12, 


would be :— 
(Ammon N. x 4°5) + (Organic N. (in excess of 0°1 to0°15) x 4°5) 


+ (Ox. abs. in 4 hrs. x ?) + (Vol. solids x ?) — (Nitric N. x 3). 
Or, perhaps, better, as suggested to us by Dr. Adeney :— 
(Ammon. N. x 4:5) + {Ox. abs. in 4 hrs. (in excess of 0°75 to 1:0) x 6°5} + (Vol. solids x 1).* 


In the meantime, for practical purposes, and with the proviso that the formula given 
on p. 12 is an empirical one and is not absolutely correct in theory, we think that it may 
be accepted as giving a fair approximation to the truth. The following table, which 
refers almost entirely to the effluents already quoted on p. 11, illustrates this : 





* Of. Letts and Adeney, App. VI. to Fifth Report of the Commission, p. 42, 
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ieee Parts per 100,000. 3 
. | Dissolved Desolved 
Place. Kind of-Effluent. Ammon. | Teta Orkanie| SVeldtila varseWlabt ahd ee 
Nitrogen. Nitrogen. Solids. sorption, by oats Pista d 
experiment. by formula. 
. 
Jointed Samples. | 
Rochdale -| No. 3688. Settled 0:07 0-38 2-6 5-52 7-23 
Percolation Effluent. probably about about 
ie - 3 »»  paper- 0-07 0-3 a 2-54 3-0 
filtered. 
as - | No. 3699. Unsettled 0-59 say, 0-46* 5-3 9-68 15-3 
Percolation Effluent. 
Caterham ~- | No. 17. Paper-filtered 3°50 say, 0-8f 1-6 20-7 22-6. 
about 
Accrington - | No. 464. Sec. contact 1-92 0-71 | 4-2 20-0 20-2 
Effluent. | 
: - ss Paper-filtered 1-78 0-42 | — 10-78 9-9 
} 
4, - | No. 611. Prim. con- 1-12 0-79 | 6-0 19-74 20-6 
tact Effluent. | . 
3 : 03 Paper-filtered 1-12 say, 0-4f | = 8-82 6-8 
*y - | No. 615. Prim con- 0-55 0-36 1:5 8-24 71 
tact Effluent. 
; >, : a Paper-filtered 0-55 say, 0-25 aaa 5-68 3°8 
Unjointed Samples. 
Rochdale - | No. 3693. Percolation | say, 0-1 say, 0-25 — 1-75 1-6 
Effluent, paper- 
filtered. 
Pe - | No. 3694. Percolation 0-14 | say, 0-5§ 5) 7-59 79 
Effluent. 
Kingston - | No. 751. Prim. con- 0-59 0:23 say, 0-8|| 5-78 5-2 
tact Effluent. | 











We trust that this memorandum may be found of some practical use for the calcula- 
tion of the work done by filters dealing with sewage liquors of different strengths. With — 
further investigation of the subject, a formula more nearly correct in theory will, no doubt, 
be arrived at. 

For the determination of the oxidizability of effluents, in relation to their effect upon 
the water of streams, the rate of oxidation shortly after the discharge is, no doubt, the 
most important point (apart from the question of deposition of solids). 


SECOND ADDENDUM (December, 1909). 


With regard to the calculation of units of purification per cube yard. of filter, we 
think—on further consideration—that it would be more correct not to give credit for the 
nitrate remaining in the effluent. The strength of a sewage liquor is based upon the 
amount of oxygen required for the complete oxidation of the liquor by atmospheric or 
dissolved oxygen, the nitrogen (at all events, much the greater part of it) remaining in 
the diluted liquid in the form of nitrate. 

To give credit for the nitrate in an effluent, in calculating the work done by a filter 
(and apart from the question of considering the putrescibility of a given effluent), 1s 
therefore equivalent to counting this (effluent) nitrate twice. 

The effect of this alteration would be to introduce a new column D. (a’) into Table 
II., and to lower the values for columns H, G and G". 

The following two examples will make the point clear. The figures in the upper lines 
are in each case copied from Table II. as it now stands ; the lower line shows the alteration 
now proposed, the underlined figures being the new ones. 





* Albuminoid Nitrogen = 0-23. 

+ Albuminoid Nitrogen = 0-26. 

} This is an assumption from the figures of the original effluent. 
§ Albuminoid Nitrogen = 0-18. 

|| Deduced, approximately, from centrifuge figure. 
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ACCRINGTON EXPERIMENTS. 


By Dr. G. McGowan AND Mr. Corin C. FRYE. 


PREFATORY NOTE. 


Since the results of the following experiments are for the most part given in terms 
of “ strength ” of sewage liquor and of “ oxidizability ” of filter effluent, reference should 
be made in the first instance to the two papers on those subjects in this Appendix, pp. 1 
and 10. 


The main object of the experiments at Accrington, which extended from May, 1905, 
to June, 1908, was to determine whether it is easier to treat efficiently a strong or a 
weak sewage liquor upon percolating filters and upon contact beds, respectively, the 
aggregate amount of oxidizable impurity in both liquors being the same, and only the 
dilution varying. At the same time a direct comparison was to be made of the volumes 
of the same sewage liquor which could be treated upon percolating filters and upon contact 
beds. The third, fourth and fifth experiments were done with the object of seeing how 
much strong and weak liquor the percolating filters were capable of treating, still with the 
production of a good effluent. 


The liquor treated throughout was the Accrington septic tank liquor, either by 
itself or diluted with water. The filters were :— 


Two percolating filters of coarse material, each 10 feet in diameter and. 
6 feet deep ; 


Two primary contact beds of medium to coarse material, each 10 feet long 
by 9 feet broad and 4 feet deep ; 


Two secondary contact beds of fine material, each 10 feet long by 9 feet 
broad and 4 feet deep. 


The following experiments were carried out :— 


Experiment I.—Comparative treatment on percolating filters and contact beds of 
(a) 100 gallons per cube yard per 24 hours of strong septic tank liquor and (b) 100 gallons 
of strong liquor + 100 gallons of water = 200 gallons of weak liquor. The actual average 
rates on the two pairs of contact beds were 72°2 and 148'8 gallons per day, the beds treating 
strong liquor being filled twice a day and those treating weak liquor four times a day. 
Broadly speaking, the contact beds only treated in this experiment three-fourths of the 
amounts treated by the percolating filters, owing partly to the original water capacity 
of the beds (at two fillings per day) being less than 100 gallons per cube yard and partly 
to their gradual loss of capacity. At the commencement of the experiment, two fillings. 
per day on the pair treating strong liquor were equivalent to 90 gallons per cube yard, 
and four fillings per day on the pair treating weak liquor were equivalent to 179 gallons. 


| Duration of experiment :—May 5th, 1905, to June 30th, 1906. - 


Experiment II.—Comparative treatment on percolating filters and contact beds of 
(a) 100 gallons per cube yard per 24 hours of strong septic tank liquor and (6) 50 gallons 
of strong liquor + 50 gallons of water = 100 gallons of weak liquor. 


The actual average rates on the contact beds were 51°6 and 57:9 gallons. 
Duration of experiment :—July 2nd, 1906, to March 23rd, 1907.* 


* Strictly speaking, this second experiment ought to date from June 7th, 1906, instead of July 2nd, and 
it ought to include the set of samples (Nos. 427-440) drawn upon June 13th of that year. The inclusion 
of this set with the other eight sets of Experiment II. would make a little difference in the average figures of 
analysis, and it would also give 10 instead of 9 months for the loss of capacity of the contact beds. In view 
of the comparative smallness of these differences, however, it has not been thought worth while to recalculate 
the results of this experiment. 
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Experiment III.—Comparative treatment on percolating filters alone of (a) 125 
gallons per cube yard per 24 hours of strong septic tank liquor and (6) 125 gallons of 
strong liquor + 125 gallons of water = 250 gallons of weak liquor. 


Duration of experiment :—April 8th to June 7th, 1907. 
J 


Experiment IV.—Comparative treatment on percolating filters alone of (a) 200 
gallons per cube yard per 24 hours of septic tank liquor and (b) 200 gallons of septic tank 
liquor + 200 gallons of water = 400 gallons of weak liquor. 


Duration of experiment :—June 10th to October 26th, 1907. 


Experiment V.—Comparative treatment on percolating filters alone of (a) 250 gallons 
per cube yard per 24 hours of septic tank liquor and (6) 250 gallons of septic tank liquor 
+ 250 gallons of water = 500 gallons of weak liquor. 


Duration of experiment :—October 28th, 1907, to June 18th, 1908. 


Sampling. 


Percolating Filters—The samples of septic tank liquor were drawn every fifteen 
days (Sundays excepted), one hour later on each successive day. The samples of percola- 
tion effluent were taken from 15 to 30 minutes after those of septic liquor, so as to 
correspond as nearly as possible with the latter. 


Contact Beds.—The samples of septic tank liquor were drawn when the beds were 
half full, every fifteen days, as above. The effluents were all drawn at mid-flow. Those 
from the contact bed treating strong liquor were taken at one filling later on each succes- 
sive occasion, and those from the contact beds treating weak liquor at two fillings later. 


The paper-filtered samples of effluent, both in this and in the succeeding experiments, 
were filtered through Swedish filter-paper by Mr. Boothman at the time the samples were 
drawn. 


“ Strength” of the Septic Tank Inquor. 


Attention may be drawn, in passing, to the corroboration obtained here of the 
soundness of the formula (No. 1), given on page 4 of the Memorandum dealing with the 
calculation of the relative “ strengths ’ of sewage liquors, at all events, of sewage liquors 
of the same nature. In the Accrington experiments every care was taken to keep the 
dilutions for the filters treating weak liquor as nearly accurate as might be, though it 
was of course impossible to make them quite as exact as in a laboratory experiment. 


The chlorine figure in this case was an admirable check as regards the dilution, since 
it was determined both in the tank liquors themselves and in the corresponding samples 
of town’s water. The chlorine of the water (which varied from about 1:2 to 1°5 parts 
per 100,000), being deducted from the total chlorine found in any tank liquor, gave the 
chlorine due to the sewage of the tank liquor alone. The following figures were thus 
obtained for the first three experiments. The figures in brackets indicate the number 
of estimations in each case :— 




















Experiment. i IL. Lit.* 
“Strong ” tank liquor going on to percolating filter els H%s5 de (24) 8:13 (8) 5°87 (5) 
$e Weal 4) iors, “i es . 2 % - | 4:19 (24) 4°01 (8) 3°02 (5), 
“Strong ” tank liquor going on to contact beds - } 7°52 (24) 7:96 (8) 
Wee ya -| $3-67 (24) 4-08 (8) 


* During Experiment III. the chlorine in the town’s water was not estimated, but 1:3 has-been assumed 
as being nearly a correct average, judging from the estimations made during Experiments I and II. 


+ Omitting from the averages the abnormal chlorine figures obtained from the four corresponding 
samples, Nos. 274, 277, 280, and 284, viz., 21:2, 11:1, 19-4, and 11°1. 


— 
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The chlorine figure varied from about one-tenth to one-fourteenth of the “ strength ” 
figure, thus :— | 
Experiment. I. if: IIL. 
(a) —_(0) (@) . (3) (2). _(b) - 
“Strong ” tank liquor going on to percolating filter on) HQ5<2. Tey 81:2 8-13 79:0 5:87 
“ Weak ” 9 ” ” ” 9 9 % 48-9 4:19 40°5 4-01 42°4 3°02 
“ Strong ” tank liquor going on to contact beds : BaF 7152 83:3 7-96 
“ Weak ” ”9 ro) ” ” ” ” = ie 42:0 3°67 EL Dey 4:08 











—— 


| (a) = Calculated “strength.” (6) = Chlorine, 
wn ee 
If now, for the purpose of comparison, the chlorine figure in the strong liquors is 
made equal to the corresponding “ strength ” figure, and if the proportionate chlorine 


in the weak liquors is calculated, it is seen how very nearly the corresponding figures for 
“ strength ” and for chlorine agree in every case, thus :— . 




















Experiment. ! 1. If; II. 

: (a)  —_(b) (a) —_(d) (a) _(d) 
“Strong” tank liquor going on to percolating filter heed» 2 8Hs2 S12." Bio 79:0 79-0 
“Weak” ,, ai a *, Fe ie -| 489 47:5 405 40-1 424 406 
“Strong” tank liquor going on to contact beds =| UBOT™ Ue 83°3 833 
“Weak” " i. ee _ 8 -| 420 418 42:2 427 


ee eee 


The respective pairs of figures (a) and (6), in thick type, are those to which attention 
is drawn. We think that they constitute an additional strong proof of the correctness 
of the formula given for calculating the relative “ strengths ” of septic tank liquors, at 
all events of tank liquors from domestic sewages, since these may be taken broadly as 


being more or less of the same composition organically, only differing largely so far as 
diluting water is concerned. 


EXPERIMENT I, 


This experiment extended over about 14 months and consisted in the comparative 
treatment on percolating filters and double contact beds of strong and weak septic tank 
liquor, the volume of weak liquor treated being twice that of the strong, but the actual 
amount of organic impurity being the same in both cases. 


_ The average rates of treatment throughout the experiment were :— | 
Gallons per cube yard 
per 24 hours. 
: rt 
Percolating filter treating strong liquor - - - - - - - - 100 








” a 1 iy NRA P : A r : i 2 900 
Double contact beds treating strong liquor - - - : - - - 72:2 
3 9 ” 9 weak As = eo = 2 ks s Es 148°8 





The septic tank liquors treated gave the following average analyses, the minimum 


and maximum figures being also stated; the figures in brackets indicate the number of 
estimations in each case :— 
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(GZ) 6-F 2 T 


(G3) 6-48 = 0-449} GLT 
(2) FE = 68 %F BZ 
(2) GL = FBI TF 
(42) 19° =FL9 16-1 
(GZ) FFF =69-9 9160-6 
(QZ) 61-l =€9-T 14-0 
(€2) 16-3 =G3-¢ 4 96-0 
(9) 18:0 =9I-I 939-0 
(9) 1%-0 =%8-0 04 63-0 
(9) G¢-3 =60:% ° 79-1 
‘ronbryT Yeo 


= €-01 +1 9-6-1 





(GZ) OF > T= 16:1 GS: 
(GZ) 4-99 = 9-g¢f 04 9-26 
(72) 0-01 = 9:91 %% 6-7 
(GZ) GPL = LES %F SIT 
(FZ) GGL =98-IL 94 86-6 
(73) 96-8 =80:F1 06-7 
(GZ) 29-3 =09-F 0F 6L-T 
(GZ) 01:9 =0-01 94 61:2 
(9) FFT =G0-3 99 60-1 
(9) 16-0 =ZFI 4 67-0 
(9) 987 =L6-L 1 8F€ 
‘ronbry Suoiyg 


‘spogq yovju0D 




















(G2) GFL = SLi 1%9LT 
(GZ) OLE = B26 %F F-01 
(FZ) LG = 6IL % FE 
(GZ) SS = BSI % BF 
(73) 6I-b =O0L-6 9 09-T 
(GZ) 60-4 =9T-01 4 €9-2 
(GZ) Ge-1 =68:3 0389-0 
(FZ) SEE =E8-L 700-1 
(8) #80 =IL1L 9-0 
(8) €F-0 =88:0 462-0 
(8) €6:3 =F1-9 992-0 


‘ronbry xeoM 


(GZ) OF T= 100719 GS: 
(GZ) 6-49 = 9-EGT 04 F-9% 
(GZ) 0-01 = O-LT % FF 
(GZ) SFL = €13 % 0-6 
(FZ) IGL =98-Il 9396-3 
(GZ) 18-8 =GL-ZI 4 08-4 
(GZ) €9°3 =BF-F OF FT-T 
(GZ) 31-9 =8F-0L 94 96-T 
(L) 8G1 =9L-3 972-0 
(L) IL0 =98T 048-0 
(L) GLP =210-8 0488-1 
‘1onbry suog 
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The filter effluents obtained gave the following average analyses, the minimum and maximum figures being also stated; the figures in brackets indicate the number of estimations in each case :— 
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Percolating Filter Treating Percolating Filter Treating : : : : 
Strong Liquor. - Weak Liquor. Contact Bed Treating Strong Liquor. Contact Bed Treating Weak Liquor. 
: Parts per 100,000. 
Original Effluent. iligetiod the weh Original Effluent. Pee h Pri Effluent | § dary Effluent. ae sierra Pri Effluent Second: Effluent mete ee 
aver. ° Dae g rimary uent. secondary uent. ike : fs ee He rimary uent. Secondary uent. riled ; % Cake 
3 | 

Ammoniacal Nitrogen - - - - = = = 0:03 to 5:09 = 0-98 (15) 0-01 to 5:31= 0-77 (15) 0-76 to 5-99 = 2-86 (11) 0-28 to 4-00 = 1-56 (19) | 0-280 1-79= 1-10 (10) | 0-02 to 2-23= 0-55 (19) 
Albuminoid Nitrogen - = : * - - - 0-08 to 1:25= 0-32 (15) 0:07 to 0-88 = 0:20 (15) O17 to 0-75= 0-46 (11) 0:13 to 0-66 = 0-31 (19) 0:10 to 0:29= 0-21 (10) 0:05 to 0:35 = 0-13 (19) 
Total-Orgame Nitrogen) Set) et O17 to 2-15= 0-81 (9) 0:20 to 1:45= 0-66 (8) 0:39 to 1:35= 0-78 (9) 0-36 to 0-98 = 0-68 (11) 0:22 to 1:00—= 0-44 (5) | 0-13 to 0-62—= 0-31 (10) 
NiteGunaumcopese (COME ATNPASMIES Bey SS) vis 001 to 0:80= 0-19 (24) 0-00 to 0-45= 0-10 (22) 0:00 to 0-58 = 0-03 (25) 0-00 to 1:34= 0-31 (25) | 0:00 to 0:06 = 0-00 (24) | 0-00 to 0-32— 0-07 (25) 
Nitric Nitrogen = = - - 2 c = 0:63 to 3:89= 2-26 (24) 0:13 to 2-34 = 1-56 (24) 0:00 to 0:24= 0-06 (25) 0:00 to 1:95 = 0-66 (25) 0:00 to 0-60= 0-10 (24) 0:00 to 1-16= 0-65 (25) 
Total Nitrogen (by Kjeldahl) - - - - - - 214to 8-65= 4-01 (14) 1:45 to 6:97 = 3-16 (11) : 1:60 to 7:36= 3-49 (16) 1:94 to 3:96 = 2-93 (18) 0:84to 2:57= 1-58 (13) 0:71 to 2-61= 1-46 (13) 
“Oxygen absorbed ” from 5 Permanganate at 27° C. al once 0:08 to 2-76= 0-96 (25) 0:15 to 0:86 = 0-47 (21) 0-17 to 2:17 = 0-65 (25) 0:03 to 1:34 = 0:33 (21) 0:44 to 2:-43= 1-34 (25) 0-31 to 2-01 = 1-01 (25) 0:19 to 0-73 = 0-43 (11) | 0-15 to 0-84 = 0-56 (24) 0-08 to 0-73 = 0:39 (25) | 0-05 to 0-42 = 0-23 (11) 

_ 7 “A i in 4 hours 0:80 to 10:07 = 3-39 (25) 0:62 to 2:79 = 1-68 (21) 0:86 to 7:41 = 2-28 (25) 0:41 to 3-43 = 1-19 (21) 1:66 to 7:53= 4-64 (25) 1:24 to 5:65 = 3-13 (25) 0-73 to 2-61 = 1-62 (11) | 0:83 to 3:-41—= 2-19 (23) 0:49 to 2:31 = 1-42 (24) | 0-46 to 1-21 = 0-87 (11) 
Lucie premmtyee OL Setienutte sate cgo 2 23 * + (23) pier (21) 93 + (23) 21 (21) 25 — (25) 940. 15.1% - (28) sano4 (11) | 1S, 345 02) (22) 91, fees—,12 (25) hie (11) 
Chlorine (after deducting the Chlorine of the town’s water) 2-58 to 11-48 = 7°35 (22) 1-54 to 9-00 = 4-32 (22) 3-55 to 11-62= 7:86 (18) 3-55 to 11-48= 7-46 (21) | 1:50to 542= 3-64(16) | 1-40 to 5-76= 3-70 (21) 
Dissolved oe taken up in 24 hours at 18°C. - - 0-17 to 2:13 = 0-78 (23) 0-04 to 0:82 = 0:30 (22) 0:12 to 3:12= 0-59 (23) 0:01 to 1:19 = 0-28 (21) 0:46 to 8:96= 3-53 (18) 0:19 to 4:33= 1-34 (22) 0:31 to 1-26 = 0-61 (11) 0:23 to 2:43 = 1-25 (19) 0-16 to 1:56 = 0-51 (21) | 0-09 to 0-60 = 0°31 (10) 
Dissolved Oxygen taken up in 5 days at 18° C. - - 0-59 to 3:19 = 1-41 (6) 0-41 to 1:91 = 1-02 (5) 0-92 to 3:05 = 1-88 (4) 0-60 to 1:33 = 1-01 (4) 
oo a ara iter a = 8-2 (24) 1:3 to 23-4 = 5-7 (22) 4-1 to 11-4 = 6-29 (23) 25 to 9:3 = 5-2 (13) 2-4 to 70 = 41 (12) 3-4and3-6 (2) 
Pia eC] OR to DO 4 (24) 1-0 to 15-5 = 3-9 (22) 2-8 to 100 = 5-00 (22) 0-3 to 84 = 4-1 (13) 15 to 4:6 = 3-1 (12) 1-6and3-1 (2) 
Solids by Centrifuge (vols.)  - . " i < 23-5 to 254-0 = 81-1 (22) 10-4 to 266-0 = 54:3 (24) 10-4 " 65:5 = 25-6 (25) 9:0 to 64:0 = 35-1 (22) 4-8 to 35:2 =15-4 (24) 2-4 to 38-0 =13-9 (22) 
Ratio of solids in suspension to Centrifuge solids - - | 1:5-8t01:23-5 = 1:11-0 (22) 1:73 to1:30-7 = 1: 10-8 (21) 1:16 tol:94 =1:4-2 (23) |1:3-2tol:20-4 = 1: 9-4 (12) L:1:2to1:9-4 =1:3°8 (12) 
ea ner a eis Tho sign «> ” means that the sample passed the incubator test ; the sign “ — ” that it failed to pass ; and the sign “4” that it had a doubtful smell after incubation. 
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The figures for strength of liquor* treated and for suspended solids, therefore, were :—- 














Percolating filters. Contact beds. 
Calculated Suspended | Calculated Suspended 
strength. solids. strength. solids. 
Strong liquor 85:2 14°2 (25) 85°7 14°5 (25) 
48-0 8-2 (25) 49-0 7°2 (25) 





Weak liquor 








A.—Work done by the Percolating Filters. 


The figures given on Table II., pp. 30-31, of the Memorandum on the Estimation of 
the Work done by Filters,t for relative purification effected by the percolating filters, 
treating 100 gallons of strong and 200. gallons of weak septic tank liquor, respectively, 
per cube yard per 24 hours, were almost equal to one another, viz., 7,310 and 7,680 unitst 
The filter treating weak liquor shows the slightly higher aggregate purification figure, 
but on the other hand this filter was treating a liquor rather stronger than it should have 
been (calculated strength 48 instead of 43), in consequence of which its percentage purifica- 
tion figure is only 80, as against 86 for the filter treating strong liquor.§ 

Within the limits of strength of liquor and of volume treated in the two cases, there 
was therefore very little difference in the actual work done by the two percolating filters. 

It will be noted from this and subsequent experiments that, other things being equal, 
a greater aggregate purification per cube yard, as measured by the actual amount of oxygen 
used up, is effected when the final product is an imperfectly oxidized effluent. This is 
of course what one would naturally expect, for, in such a complex mixture as sewage or 
sewage liquor, some of the organic compounds present must be more easily and quickly 
oxidized than others. The indications also are that, unit for unit, the first or carbon 
stage of the oxidation is, under the conditions of filtration, easier, or at least quicker, 
and therefore presumably requires less expenditure of energy than the second or nitrification 
stage. | 
; B.—Work done by the Contact Beds. | 

(1) Primary Beds of Medium to Coarse Material.—The primary bed treating 297°6 
gallons per cube yard per day of weak liquor gave practically the same result as the 
primary bed treating 144:4 gallons of strong liquor, as regards aggregate purification 
(7,380 units,|| as against 7,249), the percentage purifications being 60 and 59. The 
‘ strengths ” of the liquors treated were nearly proportional, viz., 42-0 and 85:7. 


(2) Secondary Beds of Fine Material.—Here the bed treating weak liquor gave dis- 
tinctly better results than the bed treating strong liquor, as regards units of purification, 
which for the primary and secondary beds together amounted to 5,654/| and 5,011 units 
in the two cases, the percentage purifications being 91 and 81. Fully two-thirds of the 
total impurity was removed by the primary bed treating strong liquor and nearly two- 
thirds by the primary bed treating weak liquor. The actual purification by the secondary 
bed treating strong liquor was 1,386 units, and by the secondary bed treating weak 
liquor 1,964 units. 

This would therefore seem to indicate that, so long as water-logging is avoided, z.e., 
so long as contact beds are given sufficient time to drain and to rest, somewhat better purifi- 
cation results are obtained by treating two volumes of weak septic tank liquor on beds 
3 feet deep, the primary bed being of medium to coarse material and the secondary bed of 








* Calculated according to the formula :—(Ammon. + Organic N.) x 4°5 + (Ox. abs. in 4 hrs. X 6°5). 
t This Appendix, p. 10 e¢ seq. 


+ The number of “ units of purification” (a term which we venture to introduce here) is obtained by 
deducting from the “ strength ” figure of the septic tank liquor the “ strength ” or oxidizability figure of the 
effluent, and multiplying the figure so obtained, which represents the amount of oxygen used up, by the 
ces of gallons treated per cube yard of filter per day (dry weather flow or constant flow, as the case may 

e). ae 4 
§ These and subsequent figures for percentage purification are based on the amount of atmospheric 
oxygen used up in the filtration process for the oxidation of both the carbon and the nitrogen com- 
pounds present in the sewage liquor, as calculated by the formule for strength of liquor and for oxidizability 
of effluent. If, theoretically, 100 parts by weight of oxygen are required by a given volume of sewage for 
its conversion into a completely oxidized effluent, then “80 per cent. purification ” means that 80 parts of 
atmospheric oxygen have been taken up. 

|| Owing to an error. the figure 7,678 was given for the Fifth Report of the Commission, p. 111; instead 
of 7,380, and the figure 5,803 instead of 5,654.—G. M. 
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fine material, than one volume of strong liquor, the total organic impurity, inclusive of the 
total suspended solids, being the same in both cases. 


The probable explanation of this is that (a) the two volumes of (weak) liquor treated 
can hold in solution twice as much oxygen as the one volume of (strong) liquor, and, 
further, (0) with four fillings per day in place of two, more oxygen must be mechanically 
carried into the bed with the larger volume. Thus, 100,000 parts of water, fully aerated, 
hold in solution about | part by weight of oxygen (equivalent to 7 ¢.c. of oxygen per litre). 
Sewage or septic tank liquor entering a contact bed would not aerate itself to this extent, 
but it would take up a certain amount of oxygen. We have no data for offering an opinion 
as to how much additional oxygen would be actually carried into a bed by the “ injector ” 
action of the divided liquid, but this may possibly be very appreciable. If 100 gallons 
of liquor are treated on a cube yard per day, then 1 part of oxygen (per 100,000 of 
liquor) multiphed by 100 represents the equivalent of 100 “ units of purification.” 

If, therefore, the resting period (during which, as Dr. Fowler has shown, the bacterial 
jelly of a bed rapidly absorbs oxygen) is long enough in both cases to allow of the oxidation 
of the readily fermentable portions of the solid carbonaceous matter caught in the bed, 
and the nitrification of the nitrogenous matter, with resulting accumulation of nitrate, 
the beds treating the larger volume of weak liquor must hold the advantage, for the reasons. 
just specified. 


The aggregate loss of capacity in the two sets of beds, during the time that: this experi- 
ment lasted, was almost the same in both, but in the case of the beds treating strong liquor 
this loss took place almost entirely in the primary bed, while in the case of the beds treating 
weak liquor the secondary bed also suffered to some extent, thus :— 





Capacity in Gallons. 











| At ene in Experi- | At end of aren ene x 
| ment, May 3rd, 1905. June 6th, 1906. 
Primary bed treating strong liquor - . . | 1,170 | 735 
Primary bed treating weak liquor : - a 1,185 780 
Secondary bed treating strong liquor - : - | 1,035 1,030 
Secondary bed treating weak liquor - - ae 1,030 | 950 








ts 
Total loss in capacity of primary and secondary | 20 per cent. of the original water capacity. 
beds treating strong liquor. / 
/ 
Total loss in capacity of primary and secondary | 22 a - a ¥ 
beds treating weak liquor. 








That the secondary bed treating weak tank liquor lost capacity to a greater extent 
than the corresponding bed treating strong liquor was no doubt due to the fact that 
the two volumes of dilute primary effluent contained about 9°3* parts of suspended 
solids, as against 7-4 * parts in the one volume of strong primary effluent, owing to the 
more frequent filling and emptying of the weak liquor beds. 


Comparison of the Work done by the Percolating Filters and the Contact Beds. 


The percolating filters effected a much greater actual amount of purification per cube 
yard of filtering material than the double contact beds, the respective figures being :— 























; se ES tage 

Units of Purification. Be tes ial 
Percolating filter treating strong liquor . : Me 7,310 ea: 86 
Double contact beds treating strong liquor - . 4 5,011 81 
Percolating filter treating weak liquor - - : - | 7,680 80 

| 
Double contact beds treating weak liquor —- - - | 5,654 90 
| 








* These figures are averages from eleven pairs of corresponding samples. 
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Filter Effluents from the Strong and the Weak Inquors. 


As regards the quality of the two strong liquor effluents, suspended solids included, 
the results were slightly in favour of the percolating filter effluent, which still required 
12 parts of oxygen per 100,000 for its complete oxidation, while the contact effluent 
required 16 parts. If we eliminate the solids in both cases, the oxidizability of the 
liquid alone would be approximately represented by 2 parts of oxygen in the case of the 
percolating filter effluent and 8 parts in the case of the contact bed effluent.. This superi- 
ority of the percolating filter effluent, so far as lesser (ultimate) oxidizability is concerned, 
was partly due to the fact that it contained 2-4 parts of nitric (plus nitrous) nitrogen, 
as against 1 part in the contact bed effluent; but, even apart from this, it was rather 
the better, the actual oxidizable matter left in the liquid being equivalent to about 8°5 parts 
of oxygen, while that in the contact bed effluent was equivalent to about 10 parts. 


In the case of the two weak liquor effluents, suspended solids included, the results 
were in favour of the double contact bed effluent, which only required 4 parts of oxygen 
for its complete oxidation, as against 9°5 parts for the percolating filter effluent. If we 
eliminate the solids, there is practically no difference in the quality of the two effluents, 
both of them being well oxidized. If both solids and nitrate are eliminated, the double 
contact bed effluent is again rather the better, with an oxidizability figure of 4, as against 
65 for the percolating filter effluent. 


The above results may be approximately tabulated as follows, both for the effluents 
from the strong and the weak tank liquors :— 














| Effluents from Strong Effluents from Weak 
| Liquor. Liquor. 
| Percolation. Es ou Percolation. Bs ane 
Parts of | oxygen per | 100,000 parts| of effluent. 
Oxidizability of whole effluent, including solids | 
and giving credit for nitrate - - | 12 16 9°5 4-0 
| : \ 
Oxidizability of effluent, without its suspended | 
solids and giving credit for nitrate - - | 2 8 2°0 2-0 ap. 
| | : 
Oxidizability of effluent, without solids and giving | 
no credit for nitrate - - - . - 8°5 10 6°5 4:0 

















The quality of the effluents without their suspended solids, as regards taking up of 
dissolved oxygen in 24 hours and incubation, is shown by the following average figures :— 





Effluents from Strong Effluents from Weak 

















Liquor. Liquor. 
f : Double . Double 
Percolation. Gohtadel Percolation. Given 
Dissolved oxygen taken up from water in 24 hours | 0°30 (22) .| 0°28 (21 
at about 18° ©. (65° F.) — - - - =| 0°37 (12) 0-61 (11) 0°30 (11) 0°31 (10) 
Incubation (by smell) - . - - - - | All passed | All passed | All passed | All passed 
(25). (11). (21). » (10). 








SUMMARY OF EXPERIMENT I. | 
A.—Filters Treating Strong Laquor. 


Under the conditions of the experiment, the percolating filter treating strong liquor 
(strength = 85:2; suspended solids = 14:2) did 14 times as much actual work 
(t.e., oxidation) per cube yard as the double contact beds treating strong liquor 
(strength = 85-7; suspended solids = 14'5). The working power of the percolating 
filter remained unimpaired at the end of the 14 months during which the experiment 


i 
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lasted, while the contact beds lost in that time one-fifth of their original water capacity. 
Apart from suspended solids, the percolating filter effluent may be described as good and 
the secondary contact bed effluent as fair, the average quantities of dissolved oxygen 
taken up in 24 hours by the two being about 0:3 and 0°6 parts, respectively. 


B.—Filters Treating Weak Liquor. 


The percolating filter treating weak liquor (strength = 48-0; suspended solids = 8) 
did 13 times as much work per cube yard as the double contact beds treating weak liquor 
(strength = 42:0, suspended solids = 7-2), the latter having eventually lost one-fifth of 
their water capacity. Both effluents were good, taking up only about 0°3 part of dissolved. 
oxygen from water in 24 hours ; the secondary contact bed effluent held, however, a slight 
advantage over the percolating filter effluent as regards lesser total oxidizability. 


EXPERIMENT II. 


In this experiment the percolating filter treating strong liquor continued to receive 
the same volume as in Experiment I., 7.e., 100 gallons per cube yard per day, and the 
contact beds treating strong liquor continued to have two fillings, which were now equiva- 
lent, however, to an average of only 51°6 gallons per cube yard per day during the time 
that the experiment lasted. The percolating filter treating weak liquor also received 
100 gallons (7.e., 50 gallons of septic liquor plus 50 gallons of water), and the corresponding 
contact beds two fillings of this diluted hquor, equivalent to an average of 57-9 gallons 
per cube yard per day. ‘The percolating filter treating weak liquor was thus receiving 
the same volume as the one treating strong liquor, but only half the organic impurity, 
and the same applied, approximately, to the two sets of contact beds. 


Sampling.—Percolating Filters.—The samples in this experiment were drawn once a 
month, as a rule on different days of the week, the filter effluents being taken 20 to 30: 
minutes after the tank liquors. 

Contact Beds——These samples were also drawn once a month, the tank liquors when 
the beds were half full and the effluents at mid-flow. Each successive effluent, both 
“strong ’ and “ weak,” was taken a filling later than the one before it. 


The septic tank liquors gave the following average analyses :— 
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(2) 0-6: T= 99:1 18:1 


(3) g-4¢ = 9-19 9 8-OI 





(8) OG = T:8 OF &S 
(8) TL = 66 — 0F. 6% 
(8) 10°F =G1-9 4 BF 
(8) 62F =G6-E 04 66:2 
(L) 6&1 =L0-3 93 29-0 
(9) LTS =F9F  F9T 
(3) 840 =48:0 01:0 
(Z) ce-0 =€7-0 °F 22-0 
(Z) 866 =FOE GT 
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(9) OF: T= 1G-9:1968:T | -()G-F: T= 9-9 19 ¢¢:1 | (9) oP -T= 0-9: 194 GZ: 1 | Spyog esnzrsyWeg 07 uorsuodsns ur sprjog jo ony 
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Parts per 100,000. 





Ammoniacal Nitrogen - 
Albuminoid Nitrogen 

Total Organic Nitrogen 

Nitrous Nitrogen - 

Nitric Nitrogen - - - 

Total Nitrogen (by Kjeldahl) - - 
“Oxygen absorbed ” at 27° C. at once - 
» 9 2 in 4 hours - 

Incubator test (by smell) 

Chlorine (after deducting the Chlorine’ of the 
town’s water). 

Dissolved Oxygen taken up in 24 hours at 18° C. 

Dissolved Oxygen taken up in 5 days at 18°C. - 

Solids in suspension - - - - - 

Volatile matter in these solids - - - - 


Solids by Contrifuge (vols.) = 


Ratio of solids in suspension to Centrifuge solids 
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The filter effluents obtained gave the following average analyses, the figures in brackets indicating the number of estimations in each case :— 
————— 


Percolating Filter Treating 
Strong Liquor. 





Effluent after Filtration 





Original Effluent. iP eonee Pacer 
0-05 to 0-78= 0-24 (8) 0-04 to 0-39 = 0-19 (6) 
0-07 to 0:20 = 0-12 (8) 0:07 to 0-14 = 0-11 (6) 
0:37 to 0:84 = 0-55 (5) 0:20 to 0-47 = 0:36 (4) 
0:00 to 0:16 = 0-04 (8) 0:00 to 0-10 = 0-03 (8) 
1:90 to 4:72 = 3-25 (8) 1:05 to 4-71 = 3-24 (5) 
2:35 to 5:69= 3-99 (7) 3-48 to 5-56 = 4-68 (5) 
0:06 to 0-97 = 0-45 (8) 0:08 to 0-48 = 0-31 (8) 
0:76 to 2:-44= 1-54 (8) 0:63 to 1-93 = 1-19 (8) 

ta (7) 5+ (5) 
4-58 to 12-87 = 7-81 (8) 5-18 to 12-88 = 8-74 (4) 
0:15 to 0:-45= 0-25 (5) 0:00 to 0-07 = 0-03 (4) 
0-25 to 0-66 = 0-39 (3) 
0-6 to 4:57 == 27) (7) 
0-6 ton 4-0) — 5 1: (7) 
10-4 to 52-2 = 25-0 (7) 


1:7-2to b217-4 = 1 :13°5 (6) 





noe ee OS ee ee EEE 
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Percolating Filter Treating 
Weak Liquor. 





Contact Bed Treating Strong Liquor. 


ee ee 


Contact Bed Treating Weak Liquor. 















































Original Effluent. oe ce an goer Primary Effluent. Secondary Effluent. Secondary Hi ane Primary Effluent. Secondary Effluent. Pata Pace 
0-01 to 0-61 =~ 0-11 (8) 0-01 to 0:21 = 0-05 (6) 1:12 to 3:73 = 2-46 (7) 0:38 to 1:92= 1-21 (8) 0-41 to 1-86 = 1-30 (6) 0-55 to 1:68= 1-11 (7) 0:14 to 0-65 = 0-43 (8) | 0-16 to 0-62 = 0-45 (6) 
0:04 to 0-11= 0-07 (8) 0-04 to 0:07 = 0-06 (6) 0:23 to 0-72= 0-46 (7) 0-15 to 0-56= 0-31 (8) 0-10 to 0-22 = 0-14 (6) 0-13 to 0-30 = 0-20 (7) 0-07 to 0-22 zs 0-13 (8) | 0-06 to 0-12 = 0-08 (6) 
0:08 to 0:59 = 0-42 (8) 0-21 to 0-44 = 0-35 (4) 0:58 to 1:18= 0-78 (7) 0-57 to 0-71= 0-64 (8) 0-24 to 0-85 = 0-44 (5) 0-30 to 0-67 = 0-45 (7) 0-11 to 0-47 = 0-27 (7) | 0-17 to 0-36 = 0-28 (5) 
0:00 to 0:03 = 0-01 (8) 0-00 to 0-03 = 0-01 (8) 0:00 to 0-15= 0-07 (4) 0-10 to 1:05= 0:33 (8) 0:02 to 0-18 = 0-06 (7) 0:00 to 0:22 = 0-07 (6) 0-00 to 0:28 = 0-08 (8) | 0-00 to 0-02 = 0-00 (7) 
1:10 to 2-58= 1-89 (8) 1:30 to 2-75 = 2-17 (6) 0:00 to 0-15 = 0-09 (4) 0:00 to 1:13 = 0-65 (8) 1:09 to 1-35 = 1-21 (6) 0:00 to 0-44—= 0-20 (6) 0-53 to 1-16 = 1-00 (8) | 0-88 to 1-33 = 1-14 (5) 
1:43 to 3:08= 2-44 (8) 2-08 to 2:95 = 2-67 (4) 2:00 to 4:91= 3-50 (8) 2-00 to 3:38= 2-84 (8) 2:53 to 3-50 = 3-22 (5) 1:29 to 2:36= 1-86 (8) 1-28 to 2-29 = 1-80 (7) | 1-86 to 2-00 = 1-93 (5) 
0:02 to 0:31 = 0-20 (8) 0-11 to 0-29 = 0-21 (8) 0-84 to 1:90 = 1-25 (8) 0:36 to 1:88= 0-97 (8) 0:19 to 0-49 = 0-32 (8) 0:31 to 0:84—= 0-56 (8) 0:05 to 0-75 = 0-39 (8) | 0-12 to 0-28 = 0-19 (8) 
0-39 to 1:66 = 0-99 (8) 0:47 to 1-14 = 0-82 (7) 2:97 to 6:25= 4-28 (8) 1-62 to 4:95 = 2-86 (8) 1:13 to 2-03 = 1-39 (8) 1:27 to 2-92 = 2-14 (8) 0-28 to 1-88 = 1-23 (8) | 0-60 to 1-19 = 0-79 (8) 

Be KG) Bae oie) e 8 4 eee) B+ (5) te es 8, 8 6+, ©) 
2-57 to 6-66 = 4-18 (8) 2-58 to 6-67 = 4-70 (4) 4-65 to 13-97 = 8-15 (8) 4-45 to 15:48 = 8-37 (8) 5-73 to 15-46 = 9-31 (6) 2-59 to 6-76 = 4-12 (8) 244 to 7-55 = 4-30 (7) | 2-75 to 7-53 = 4-64 (6) 
0:09 to 0-18—= 0-12 (4) 0-04 to 0-11 = 0-06 (4) 1:06 to 4:03= 2-68 (5) 0-30 to 0-73 = 0-52 (5) 0-06 to 0-16 = 0-10 (4) 0-22 to 4:03 = 1-46 (5) 0-12 to 0-39 = 0-25 (5) | 0-07 to 0-21 = 0-18 (3) 
0-28 to 0-51 = 0:36 (3) 1:94 to 6:36 = 3-49 (3) 0-86 to 2-18 = 1-58 (3) 0-80 to 2-00 = 1-28 (3) | 0-56 to 1-18 = 0-92 (3) 
0:5 to 35 = 1-9 (7) 45 to 12:3 = 7:8 (8) 2:5 to 9-4 = 4:8 (8) 1:8 to 4-9 = 3°D (7) 1-8 and 2-2 (2) 
0-4 to 24 = 1: (7) 4-0 to 10-4 = 6-2 (8) 1-6. to 7:0) == 4-1, (8) ID tois:8) == 2:7 4(7) 1-7and1-9 (2) 


10:8 to 40-8 = 22-7 (8) 


1:8-8to1:21:6 =1:14-4 








19-0 to 100-1 = 43-1 (8) 


1:1:8t01:10-4 =1:6-0 (8) 





20-0 to 87-1 =50-8 (8) 


78-Oito! sb: — 110-618) 











12-6 to 35:2 = 28-3 (7) 


1:5-3 to1: 13:5 =1:8:°3 (6) 


6-6 to 27-2 = 17-7 (7) 
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The figures for strength of liquors treated, and for suspended solids, therefore, were :— 











Cp OO Filters. © Contact Beds. 
Caleulated Suspended Calculated Suspended 
Strength. Solids. Strength. Solids. 
Strong liquor , - 81°2 14:0 (8): 83°3 13°7 (8) 
Weak liquor aide hee 40°5 6:3 (8) 49:2 7-1 (8) 


The purification obtained was :— 








Units of Purification. | Percentage Purification. 





Percolating filter treating strong liquor sis - £ : 


8,440 104 
Double contact beds treating strong liquor - ; 3,576 83 
Percolating filter treating weak liquor - : - : 4,120 102 
Double contact beds treating weak liquor - - 2 E 2, 200 . 90 








The quality of the various effluents may be given in tabular form, as follows :— 








Effluents from Strong Liquor. | Effluents from weak liquor. 











Percolation. | Double Contact.) Percolation. | Double Contact. 





Parts of oxygen per 100,000 parts of effluent. 


‘Oxidizability of whole effluent, including 
solids and giving credit for nitrate - *_ 3-2 140 -O7 4°2 
‘Oxidizability of effluent, without its sus- 
pended solids, and giving credit for 





nitrate - : ¥¥_ 6§°2 5°8 — 3°3 0-2 
Oxidizability of ofiluent, without Ee eae 
giving no credit for nitrate - . 3°6 7 2-4 3°2 











The quality of the effluents—without their suspended solids—as regards taking up of 
dissolved oxygen and incubation, is shown by the figures :— 





Effluents from Strong Liquor. | Hffluents oop Weak Liquor. 


Percolation. | Double Contact. pata. Double Contact. 





Parts per 100,000. 
‘Piwed oxygen taken up from water in 24 | 














hours at about 18° C. —- - 0°03 (4) 0-12 (4) 0-07 (4) 0-10 (4) 
Dissolved oxygen taken up from ee in 5 

or 6 days at 18° C. - - - - 0-43 (3) 1:70 (3) 0°33 (4) 1:0 ap. (3) 
+Incubation (by smell) - : - - | All passed (8)| All passed (8) | All passed (8)| AI passed (8) 





The capacities of the contact beds (in gallons) were :-— 











At beginning At end of Lircing i of ee oe 
of Experiment, | Experiment, epaciliy He aa oe a ity 
oe tee a Pasty Gallons. | when beds were 
oF : new. 
Primary bed treating strong liquor - . 735 640 95 8 per cent. 
Secondary bed treating strong liquor - 1,030 970 60 6 5 
Primary bed treating weak liquor - - 780 750 30 2 4 
6 ” 


Secondary bed treating weak liquor - : 950 890 60 


* The minus sign indicates that the oxygen present in the form of nitrate was, to the extent of the figure 
against which it is placed, more than sufficient to oxidize the ammonia and organic matter‘in the effluent. 

+ The incubation results were taken_for granted in a good many cases, in order to economise the samples. 
There could be no doubt about this. 

$ With regard to the date on which the experiment began, cf. p. 52, note. 
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As already stated, the actual volumes of liquid treated per cube yard per 24 hours 
throughout Experiment Il were :— 


Percolating filter treating strong hquor - - s - 100 gallons. 
Double contact beds treating strong liquor -°* - - 516 be 
Percolating filter treating weak liquor - ‘ : - 100 ms 
Double contact beds treating weak liquor 2 - - 57:9 ha 


The contact beds thus treated only about half as much liquor, in both cases, as the 
percolating filters. 
The results may be summarized thus :— 


Percolating Filters. 


The filter treating 100 gallons of strong liquor did fully double as much work as that 
treating 100 gallons of weak liquor per cube yard, and gave on the whole a slightly better 
effluent, relatively to strength, though both effluents were very good, especially after 
elimination of the suspended solids. The filter treating strong liquor was therefore still 
working within the limits of efficiency, while that treating weak liquor was doing very 
much less work than it was capable of (cf. Experiment I); and nothing was gained, in 
purity of effluent, by diluting the septic liquor to half its strength and giving the weak 
liquor filter only half the work to do. 


It will be noted that, in Experiment II, the percolating filter treating strong liquor 
(strength = 81:2) gave 8,440 units of purification per cube yard, as against 7,310 units. 
in Experiment I (strength of liquor = 85:2). This increased working efficiency was no 
doubt mainly due to the fact that from the very commencement of the second experiment 
the filter was thoroughly mature. 


Incidentally, the above results show that a percolating filter of fairly coarse material 
(say 2 inches to 3 inches in diameter, and 6 feet deep), can treat a septic tank liquor of 
over average strength (strength 80 to 85), and containing 14 parts of suspended solids per 
100,000, at the rate of 100 gallons per cube yard per day, giving 8,000 to 9,000 units of 
purification and producing a good effluent (apart from suspended solids). 


Contact Beds. 


The pair of contact beds treating 57-9 gallons per cube yard of weak liquor gave 
more than half the purification which was effected by the beds treating 51:6 gallons of 
strong liquor (even if we allow for difference in volume treated, because of the difference 


in capacity), and also a better percentage purification. The beds treating strong liquor 


showed less absolute purification than in Experiment I (3,576 units, as against 5,011), 
though almost the same percentage purification ; if we allow for the difference in volume 
treated in the two experiments (72°2 gallons per cube yard in I, as against 51°6 gallons 
in II), the relative purification effected was as nearly as possible the same in both cases. 
The efficiency of these contact beds, in proportion to their capacity per cube yard, therefore 
remained the same wn both expervments. 

The beds treating weak liquor also show less (than half the) absolute purification 
effected in Experiment I (2,200 units, as against 5,654), though practically the same 
percentage purification. Allowing, again, for the difference in volume treated in the two 
experiments (148°8 gallons per cube yard in I and 57-9 gallons in II), the relative purifica- 
tion effected was again as nearly as possible the same. The efficiency of the beds treating 
weak liquor, therefore, also remained the same, or practically the same, in both experiments. 

The secondary contact bed effluent from the weak liquor was—apart from its solids— 
of very good quality, that from the strong liquor only moderate. The mean diminution 
in capacity of the beds treating strong liquor was 7 per cent. and of those treating weak 


liquor 4°5 per cent. of the original capacity.* It is noteworthy that the secondary bed ~ 


treating weak liquor lost capacity more than the primary bed treating weak liquor, though 
in neither case was the loss great. It is difficult to explain this, as the primary effluent 
from the strong liquor contained 8°3 + parts of suspended solids, while that from the weak 
liquor had only 3°57 parts. The suspended solids in the weak secondary effluent were 
about 2 parts (as judged mainly by the centrifuge figures), and in the strong 4 parts. 


With regard to the relative oxidation in the different beds, the primary bed treating 
strong liquor gave 2,472 units of purification, as against 1,104 given by the secondary bed; 











Equivalent to about 12 per cent. and 7 per cent., respectively, on a year’s working. 


* 
7 These are average figures from seven analyses in each case. 


ff 
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the primary bed treating weak liquor gave 1,512, as against 688 by the secondary. Roughly 
speaking, therefore, fully two-thirds of the impurity in the tank liquor was oxidized—or, 
at all events, removed—by the primary bed in both cases. 

The relative purification by the contact beds in Experiment I]—in which approxi- 
mately equal volumes were taken—was thus in favour of the beds treating weak liquor. 
This isin agreement with the results obtained in Experiment I, while it also emphasizes the 
essential difference between contact beds and percolating filters, viz., that the former can 
only have a relatively limited air supply, as compared with the latter. The reduction 
of the organic matter treated by the weak liquor contact beds in Experiment I, to half 
that treated in Experiment I, did not result in the production of a better effluent (excepting 
that the suspended solids were rather less in II), both being good. 

The foregoing Experiments I and II go to show that primary contact beds of medium 
to coarse material and secondary beds of fine material, each 3 feet deep, can treat a septic tank 
liquor of over average strength (strength = 80 to 85), and containing 14 to 15 parts of suspended 
solids, at an average rate of about 70 gallons per cube yard per 24 hours for one year, giving 
5,000 units of purification, or at an average rate of 60 gallons per cube yard for two years, 
ging 4,500 units of purification, and producing an effluent of fair quality, apart from sus- 
pended solids. If the liquor treated has a strength of only 40 to 43, with about 7 parts of sus- 
pended solids, such beds can treat an average of 150 gallons per cube yard per day for 14 months, 
giving 5,800 units of purification and producing a good effluent. 


EXPERIMENT IIT. ‘ 


In this experiment, which lasted from April 8th to June 7th, 1907, the percolating 
filter treating strong liquor received 125 gallons per cube yard per day and that receiving 
weak liquor 250 gallons. It was thus similar to Experiment I, but with an increased 
dose in the case of both filters, the object being to see how much the filters could actually 
treat with efficiency. Owing to the wet season, however, the strength of the liquors in 
this experiment was less than in Experiments I and IJ, thus :— 





Calculated Strength.| Suspended Solids. 











Strong liquor - - - - - - - - - - 73°2 20°1 
Te ea te a ee a | 40-7 10°3 


The suspended solids in the filter effluents were rather high, on account of the “ spring 
out-flush.” * is 

Samples were drawn every fifteen days, as before, an hour later each time, and the 
effluents from 20 to 30 minutes after the tank liquors. 

The septic tank liquors gave the following average analyses :— 








Parts per 100,000. Strong Liquor. Weak Liquor. 
Ammoniacal Nitrogen - - - - 2-48 (1) 1-38 (1) 
Albuminoid Nitrogen - - : : 0-52 (1) * 0-27 (1) 





Total organic Nitrogen - - -~— - 





Total Nitrogen - - - - - 2°32 to 8-58= 5-12 (5) 1:06 to 4:29 = 2-64 (5) 


“ Oxygen absorbed ” at 27° at once - 121to 4:14= 2-44 (5) 0:57 to 2:18= 1-35 (5) 
%. 3 »  mAhours - 4:94 to 14:08 = 8-45 (5) 2-34 to 7:82 = 4-68 (5) 

Chlorine (after deducting the Chlorine of 3°23 to 8-90 = 5-87 (5) 1-46 to 4-51 = 3-02 (5) 
the town’s water). 

Solids in suspension - - - - 14-1 to 29-8 = 20-1 (5) 6:0 to 15-1 = 10-3 (5) 

Volatile matter in these solids a ia 9-5 to 22:0 =14:]1 (5) 4-1 toll: =. 7-3. (5) 

Solids by Centrifuge (vols.) - a ee 63:0 to 111-2 = 87:8 (8) 37:1 to 58-0 = 47-0 (3) 

Ratio of Solids in suspension to Centrifuge |1:3-7 to1:5-9 =1:4-45 (3) |1:3-8tol:7-7 =1:4-79 (3) 
Solids. 








* As is now well known, large quantities of suspended solids usually come out in the effluent from a 
percolating filter of coarse material in the late spring, with the advent of the warmer weather. This appears 
to be due to the development of worms, larve, etc., in the interior of the filter at this time. The same thing 
has been observed, though in lesser degree, in the case of percolating filters of fine material and contact beds. 

+ The Chlorine of the town’s water is here taken at 1°3 (c/. Note 1; p. 53). If anything, this may be a 
little too high. 
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The purification obtained was :— 


Percentage Purif ca- 


Units of Purification. ti 
ion. 





Percolating filter treating strong liquor - - - - - 8,050 88 
Percolating filter treating weak liquor - - - - - 9,225 91 





The quality of the two effluents is shown by the figures :— 





Effluent from Effluent from 
Strong Liquor. Weak Liquor. 
Parts of oxygen per 100,000 parts of 
effluent. 
Oxidizability of whole effluent, ne solids and giving credit 
for nitrate - - - - - . . 8°8 3°8 
Oxidizability of effluent, eehoue its Mipedded a and giving 
credit for nitrate - - - — 2-2 — 14 
Oxidizability of paps without solids and giving no ) eredit for 
nitrate - . - - - - 4°8 2-7 


The quality of the effluents—without their suspended solids, as regards taking up of 
dissolved oxygen and incubation—is shown by the figures :— 





| Effluent from Effluent from 

| Strong Liquor. Weak Liquor. 
Dissolved oxygen taken up from water in 5 oe at 18° cae - 0°62 (5) 0°84 (5) 
Incubation (by smell) - - - - . All passed (5) All passed (5) 


Both effluents were therefore very good, and, apart from their suspended solids, there 
was practically nothing to choose between them. It will be noted that the filter treating 
weak liquor was receiving a liquor proportionately rather stronger than the other 
{calculated strength = 40-7, as against 73:2 for the strong liquor). 


Owing to the strong liquor being less concentrated m this experiment than in the 
two preceding ones, the actual work done on the filter treating strong liquor was only 
8,050 units of purification per cube yard per 24 hours, but in the case of the filter treating 
weak liquor it was 9,225 units. 


This experiment, therefore, supplements Experiments I and Il in showing that a per- 
colating filter of coarse material, 6 feet deep, can treat a septic tank liquor of above average 
strength (strength 73), and containing about 20 parts of suspended solids, at the rate of 125 
gallons per cube yard per 24 hours, or one of half that strength, with 10 parts of suspended 
solids, at the rate of 250 gallons, giving in both cases 8,000 to 9,000 units of purification, and 
producing a good well-oxidized effluent (apart from suspended solids). 


EXPERIMENT LV. 


In this experiment, which lasted from June 10th to October 26th, 1907, the percolating 
filter treating strong liquor received 200 gallons and that receiving weak liquor 400 gallons 
per cube yard per day. It was thus similar to Experiments I and III, but with a further 
increased dose in the case of both filters. Samples were drawn every fifteen days, as 
before, an hour later each time, and the effluents about 20 minutes after the tank liquors. 
The calculated strengths of the tank liquors in this experiment were almost the same as 
in the preceding one, but the suspended solids were less in amount, thus :— 








Calculated Strength. Suspended Solids. 
Strong tank liquor - » eS - - - : 74-1 13-5 
Weak tank liquor’ - - - ; - - - 39-6 6:3 








The weak liquor filter was again treating a liquor which was rather more than half 
as strong as the other. 
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The septic tank liquors gave the following average analyses :— 





Parts per 100,000. 


Ammoniacal Nitrogen - - - 
Albuminoid Nitrogen - -— - 
Total organic Nitrogen - - - = 
Total Nitrogen - Peer: 
** Oxygen absorbed ” at 27° C. at once - 
in 4 hours 


2? 2? > 


Chlorine (after deducting the Chlorine of 
town’s water). 

Solids in suspension - - . - 

Volatile matter in these solids - - 


Solids by Centrifuge (vols.)  - - - 


Ratio of Solids in suspension to Centrifuge 
Solids. 


Strong Liquor. 





2-72 to 6-40 = 4-59 (8) 
0-48 to 0-87= 0-60 (8) 
0-69 to 1:34= 0-99 (7) 
3-49 to 6:96 = 5-34 (9) 
1-47 to 3-93 = 2-63 (9) 
5-15 to 11-25 = 7-70 (9) 
4°64 to 960 = 6-83 (9) 
9-6 to 20-1 =13-5 (9) 
GiiSt0 15-3 i. 96.0 (9) 
52:0 to 89-1 


I 


65-1 (9) 


1:3-2t01:62 =1:4-8 (9) 


Weak Liquor. 





1:29 to 3-02 =. 2-22 (8) 


0-21 to 0-49 = 


0-42 to 1:94 = 


1-78 to 3-93 = 


0:59 to 1:87 = 


3:24 to 6-05 = 


2°20 to 5:03 
3°6 to 9-2 
2-2 to 6-4 
29-9 to 46-5 


0-35 (8) 
0-81 (8)* 
2-77 (9)* 
1-23 (9) 
4-17 (9) 
3-49 (9) 
6-3 (9) 
4-4 (9) 
38-0 (9) 


1:4:1t01:11-1 =1:6-8 (9) 





* Including 2 interpolations. 


+ The Chlorine of the town’s water is again taken at 1-3 for Experiment IV. If anything, this may be a 
little too high. Only three estimations of Chlorine in the water were made, towards the end of this experi- 
ment, and these gave the figures 1°18, 1:18 and 1:17. 





The filter effluents obtained gave the following average analyses, the figures in brackets 
indicating the number of estimations in each case :— 
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The purification obtained was :— 








Units of Purification. Percentage Purification. 
Percolating filter treating strong liquor - - - 14,300 96 
Percolating filter treating weak liquor - - - 15,160 96 














The quality of the two effluents is shown by the figures :— 


| Effluent from Effluent from 
| Strong Tank Liquor. Weak Tank Liquor. 
! | 


ee ee - 








Parts of oxygen per 100,000 parts of effluent. 


Oxidizability of whole effluent, including solids and giving 2-6 1-7 
credit for nitrate. 

Oxidizability of effluent, without its suspended solids and —3-8 —3-1 
giving credit for nitrate. 

Oxidizability of effluent, without solids and giving no 4-4 2-3 


credit for nitrate. 





The quality of the effluents—without their suspended solids, as regards taking up of 
dissolved oxygen and incubation—is shown by the following figures :— 





Effluent from Effluent from 
Strong Tank Liquor. Weak Tank Liquor. 


Dissolved oxygen taken up from water in 5 days at 18° C. 0-56 (9) 0-49 (9) 
Incubation (by smell) - - - - - - - All passed (9) All passed (9) 











Here again both effluents were well oxidized and good, and there was little to choose 
between them. If anything, they were rather better oxidized than the corresponding 
effluents in Experiment III (notwithstanding the lesser volumes treated in that case), 
as Judged by the dissolved oxygen taken up by the paper-filtered effluents in five days. 
This was probably due to the fact that more‘ of the warm summer months were included 
in Experiment IV, and also to the spring out-flush of solids having taken place during 
Experiment III. 


The work done on the filter treating strong liquor was 14,300 units, and on the filter 
treating weak liquor 15,160 units. 


EXPERIMENT V, 


- In this final experiment, which lasted from October 28th, 1907, to June 18th, 1908, 
the percolating filter treating strong liquor received 250 gallons and that receiving weak 
liquor 500 gallons per cube yard per day. As before, samples were drawn every fifteen 
days, an hour later each time, and the effluents 20 minutes after the tank liquors. The 
calculated strengths of the liquors treated were a little less than in Experiment IV, 
though suspended solids were present in rather larger amount, thus :— 








Calculated Strength. Suspended Solids. 
Strong liquor - - - - 7 - . - 69-4 14-4 
Weak liquor - - - : 5 = rs 4 37-0 74 





As before, the weak liquor filter was treating a liquor which was fully half as strong 
as the other. 
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The septic tank liquors gave the following average analyses :— 





Parts per 100,000. 


Ammoniacal Nitrogen - - -~ - 
Albuminoid Nitrogen - - -~ - 
Total organic Nitrogen - = : : 
Total Nitroget - - - ,- 
“ Oxygen absorbed” at 27° C. at once - 
9 » 54 in 4 hours 
Chlorine (after deducting the Chlorine of 
the town’s water). 
Solids in suspension -~— - - 
Volatile matter in these solids : 


Solids by Centrifuge (vols.) - = - 


Ratio of Solids in suspension to Centrifuge 


Solids. 


The effluents gave the following average analyses :— 


Strong Liquor. 


0:99 to 5:-44—= 3-68 
0-22 to 103= 0-61 
0-53 to 2:49 = 1-25 
1-84 to 7-:28= 4-93 
0-87 to 2:96= 1-93 
3:03 to 12:79 = 7-26 
2°21 to 10-37 = 6-36 
9-2 to 22-1 = 14-4 

5-6 tol6-1 = 10-1 


38:0 to 99-1 = 61:3 


(13) 
(13) 
(13) 
(13) 
(13) 
(13) 
(13) 
(13) 
(13) 
(13) 


Weak Liquor. 


0°90 to 2:86 1-99 
0-21 to 0:53= 0:36 
0:37 to 0:95= 0-76 
1-28 to 3-81= 2:75 
0-42 to 153= 0-98 
1-78 to 6:25= 4-08 
1:95 to 5:48= 3-45 
4:9 to10-6 = 7:6 

oo tO) 1-6 +a 


118: to Si- i” seas1-¢ 


(12) 
(12) 
(12) 
(12) 
(12) 
(12) 
(12) 
(12) 
(12) 
(12) 


1:3-4to1:5-6 =1:4:3 (13) |1:2-4to1l:4:8 =1: 4-1 (12) 
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The purification obtained was :— 


sais Units of Purification. Percentage Purification. 
Percolating filter treating strong liquor - - - 12,425 72 


Percolating filter treating weak liquor - — - - 14,600 79 
The quality of the effluents is shown by the figures :-— 


Effluent from Effluent from 
Strong Tank Liquor. Weak Tank Liquor. 


Parts of Oxygen per 100,000 parts of Effluent. 


Oxidizability of whole effluent, including solids and giving 19-7 7:8 
credit for nitrate. 

Oxidizability of effluent, without its suspended solids and i 2-2 
giving credit for nitrate. 

Oxidizability of effluent, without solids and giving no 10-8 5-0 


credit for nitrate. 


The quality of the effluents—without their suspended solids, as regards taking up of 
dissolved oxygen and incubation—is shown by the following figures :— 


Effluent from Effluent from 
Strong Tank Liquor. Weak Tank Liquor. 








Dissolved oxygen taken up from water in 5 days at a Ci 2-31 (13) 1-16 (13) 
Incubation (by smell) - . - 11 passed All passed (13) 
2 failed (13) 


The effluents in rere’ V thus show a marked falling off in quality, as compared 
with those in Experiments IV and III. Leaving suspended solids out of account, the 
weak liquor effluent is distinctly better, relatively, than the effluent from the strong liquor. 
It will be noted, however, that even in this last experiment, after filtration through paper, 
only two of the thirteen strong liquor effluents failed upon incubation, while all thirteen 
weak liquor effluents passed. The latter effluents might be described as fairly good, but 
the strong liquor effluents as rather poor. The spring out-flush of solids again took place 
during this experiment, which—it must be borne in mind—was carried out for the most 
part in the coldest months of the year. 


The work done on the filter treating strong liquor was 12,425 units, and on the filter 
treating weak liquor 14,600 units. 


It was evident, from the appearance of the filters during the progress of Experiment V, 
that they were being overtaxed, especially the filter treating strong liquor. The concrete 
at the base of the filters eradually became blackened and covered, more or less, with grey. 
fungus, while at times the effiuents smelt slightly of sewage. 


Summary. 


The foregoing experiments go to show that percolating filters of coarse material, 6 feet 
deep, can treat a strong septic tank liquor (strength 73 to 85) at a rate of 100 to 125 
gallons per cube yard per day, or a liquor of half this strength at a rate of 200 to 250 
gallons, giving from 8,000 to 9,000 units of purification and producing at the same time a 
good effluent (apart from suspended solids). 


Under favourable conditions of summer weather, a strong septic tank liquor (strength 

74) can be treated at a rate up to 200 gallons per cube yard per day, or a liquor of half 
this strength at a rate up to 400 gallons, with from 14,000 to 15,000 units of purification 
and the production of a good effluent. This is probably about the maximum work which 


72 


can be expected from percolating filters of coarse material treating ordinary septic tank — 
liquor at a regular rate of flow. 


As regards the question whether it is easier to treat upon percolating filters of coarse 
material one volume of strong septic liquor or two volumes of weak, the organic impurity 
being the same in both cases, the experiments show that there is little difference either 
in the actual work done by the filters or in the quality of the effluents, at rates of working 
up to 200 and 400 gallons, respectively, per cube yard per day. If any distinction is to 
be drawn, the advantage lies with the filter treating the weaker liquor, no doubt because 
the natural aeration of the extra volume of liquid rather more than counterbalances the 
quicker rate of flow through the filter. 


Double contact beds will, during their first year of work, at the rate of two fillings per 
day, treat about 75 gallons of strong or 150 gallons of weak tank liquor (strengths about 
86 and 43, respectively), per cube yard per day, and give 5,000 to 6,000 units of purification 
for the first year, with the production of a fair to good, non-putrescible effluent (apart 
from suspended solids). Their working power will, however, gradually fall off so long as 
the beds continue to lose capacity. Here, again, it is rather easier to treat two volumes — 
of weak than one of strong liquor. 


“ — It is clear from these experiments that, other things being equal, a greater purifica- 
tion per cube yard, as measured by the actual amount of oxygen used up, is effected when 
the final product is an ¢mperfectly oxidized effluent. The indications are that, unit for 
unit, the first or carbon stage of the oxidation is, under the conditions of filtration, easier, 
or at least quicker, and therefore presumably requires less expenditure of energy than 
the second or nitrification stage. 


The filters on which the foregoing experiments were carried out for the Commission 
were constructed by Mr. W. J. Newton, Borough Surveyor, Accrington, while Mr. J. 
Boothman, Chemist at the Works, had them under his charge. This involved great care 
and attention on Mr. Boothman’s part over a long period of time. We desire to express 
our cordial thanks to both of these gentlemen for the help thus given. 


GEORGE McGOWAN. 


COLIN C. FRYE. 
July, 1909, 


73 


EXPERIMENT ON THE WASHING OUT OF A PERCOLATING FILTER WITH WATER, 
By Dr. McGowan, Mr. Frys, anp Mr. A. F. Girvan, B.Sc. 


Sir William Power suggested that it might be of 
practical interest to study the effect of turning water 
on to a percolating filter which had been treating sewage 
liquor, and an opportunity occurred for doing this in 
1908 on the Accrington experimental filter B. W. 

A somewhat similar experiment had been tried by 
Colonel Harding and Mr. W. H. Harrison at Leeds, 
about the year 1900, with the triplicate percolating 
filter which was then being tried. 

The Accrington filter B.W. is 6 feet high and 10 feet in 
diameter ; it is filled with coke about 2im. to 3in. in size 
and is fed by a rotating sprinkler. For a number of 
years it had been continuously treating diluted septic 
tank liquor at different rates,* the rate for the eight 
months immediately preceding this water experiment 
being the extremely high one of 500 gallons per cube 
yard per 24 hours. Notwithstanding this, a well- 
nitrated effluent was still being produced and the coke 
of the filter continued in good condition. 

On June 19th, 1908, at 7a.m. the flow of septic liquor 
on to the filter was stopped, and town’s water was 
substituted at the rate of 100 gallons per cube yard per 
24 hours. A sample of filter effluent was drawn for 
analysis before the change was made, and then hourly 
samples were taken for the next 24 hours. After that 
daily samples were drawn until August 12th, the 
effluents analysed from June 22nd being a mixture of 
two or three daily samples. From August 19th, single 
samples were drawn once a week until September 30th, 
when the experiment ended. A few samples of the 
town’s water were also examined at different times. 

The first part of the experiment, from June 19th to 
24th, was carried out by Mr. A. F. Girvan, with Mr. 
Boothman’s help. 


The main objects of the experiment were :- - 


(1) To see how long nitrate continued in 
appreciable quantity in the effluent, and thus to judge 
of the rate of oxidation of the accumulated nitro- 
genous matter in the filter. 

(2) To note the rate at which solids continued to 
be washed out. . 

(3) To determine the point at which the septic 
tank liquor in the filter was entirely displaced by 
water, as Judged by the chlorine figures of the 
samples, and to deduce from this the “average 
time of contact” of the liquid under treatment. 


It will be convenient to deal first with the third 
_ object-— 
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From Table G and the curve it is seen that the 
chlorine of the effluents reached a nearly constant 
value (1°40 approximately) after about 18 hours from 
the time that water was turned on fo the filter. This 
value was a little higher than that of the chlorine of 
the water, which may be taken at about 1°30. 





* Cf. the Accrington experiments, this Appendix. 
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TABLE G. 





Chlorine 
(parts per 100,000). 


Date. Hour. 





Filter 
Effluent. 


Water going 
on to Filter. 


1908. 
June 197+ - 4°50 
4°05 
3°50 
3°06 
2°70 
2°12 
1°90 
2°05 
1°65 
1°89 
1°97 
A - 1°67 
1°80 
173 
157 
1°55 
1°60 
1°37 
1°42 
1°42 
1°40 
1°41 
1°47 
1°42 
1°40 
1°40 
1°45 
1°40 
1°26 
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p.m. 


? 
night 





1°29 
1°31 
1°28 
1°27 


} 1°30 


1°23 


Py xe jue. ee 
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SRY peo By oS 
. 


b) 


J une 21 
June 22 
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SET pet OT PMS ea 


° 
© 
B 


7.0 4 

average of 
4 samples 
of effluent 
average of 
4 samples 


June 23 


1°40 


June 24 1°40 
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Table G, with the accompanying curve, gives in 
detail the chlorine figures from the morning of 
June 19th to June 24th, while Table B.W. (p. 74) gives 
the remaining figures of analysis of the samples up to 
the end of the experiment on September 30th. 


CHLORINE IN Town’s WATER 
CHLORINE IN Fitter ErFLuENT —————~— 


Ss pt 


/0 





LA 72 7135 LED TD. 16 (LES we hes 


If we take 18 hours as the time practically required 
for the chlorine of the septic liquor to be washed out of 
the filter by water, at the rate of 100 gallons per cube 
yard per day, and apply the method ~of calculation 
worked out in the Report on the Dorking Experiments,§ 
we get the average time of contact for this filter, in its 








t Septic liquor cut off and town’s water substituted. 


t No chlorine estimations were done on the water alone between 8.30 a.m. on June 19th and 1 p.m. on June 20th. 


§ This Appendix, pp. 201 and 204. 
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then state and at the above rate of flow, as being about 
31 hours. It does not follow—indeed, it is altogether 
improbable—that_ the passage of even soluble organic 
impurities through a percolating filter is as rapid as 
that of a soluble salt like sodium chloride. Still, the 
method gives good comparative results. It has already 
been discussed in detail in the Dorking Report by Mr. 
E. H. Richards (loc. cit.), and also by Mr. W. Clifford in 
his papers on the subject.* ey 

The above method of determining the rate of flow 
through a percolating filter, by the difference between 
the chlorine content of the sewage liquor and that of 
the water supply, is simpler to carry out than the 
method followed at Dorking and Ilford (of adding to the 
sewage liquor a given volume of sodium chloride solution 
of known strength), provided water is available for 
turning on to the filter. To decide which is the more 
accurate, it would be necessary to make further deter- 
minations with water. So far as we are aware, this 
has not yet been done. { ' 

If Table B.W. be referred to, it will be seen that 
throughout the whole experiment almost all the nitrogen 
of the effluent was—practically speaking—in the form 
of nitrate, and this diminished in amount very slowly 
indeed. Thus, on June 19th, when the chlorine had 
become almost constant, the nitric nitrogen amounted 
to 0°60 part per 100,000, and it gradually fell to 0°13 
part on September 30th, the lowest figure being 0°10 part 
on September 10th. This was hardly greater than the 
nitric nitrogen of the tap water, viz., 0°05 part. The 
oxidation of the accumulated nitrogenous organic 
matter in a percolating filter, which has been working 
properly, is thus a very slow process under the 
conditions described. yaa ; 

The gradation of the figures for nitric nitrogen in 
Table B.W. shows a distinct analogy to those in Tables 


Pv 
( 
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1 and 1 W. for contact beds (cf. this Appendix, p. 77). 
True, the oxidation of the nitrogenous matter was more 
complete in the case of the percolating filter, but a. 
reference to Tables D and Et shows that there was very 
little sludge indeed and very little volatile matter in the 
material of this filter to start with, only about a tenth 
of the sludge of contact bed No. 1. Oddly enough, the 
percentage of nitrogen in these two sludges was practi- 
cally the same (2°47 in No. 1 and 2°44 in B). 


The earlier samples of the wash-out effluent from per- 
colating filter B.W., though clear, had a brownish tinge, 
but they gradually became colourless. The suspended 
solids in the earlier samples appeared to be something - 
like 2 parts per 100,000, as judged by the eye, and on 
the whole the quantity diminished as time went on . 
(cf. centrifuge figures, below). But here again, as in the 
case of the oxidation of organic nitrogen, the process of 
clearing the filter of accumulated solids (which were 
present only in small quantity) went on very slowly. 


Occasions might arise on a sewage works when it. 
would be desirable to clear superfluous solids out ofa. 
percolating filter, by running water through it. By 
alternating rests with this water treatment, even a. 
badly clogged filter of coarse material could probably 
be cleared pretty quickly, so far as it was desirable to 
go. The foregoing experiment shows that there need. 
be no fear of the suspended solids being washed out of — 
the filter at such a rate as to seriously affect its subse- 
quent working efficiency. 


We would again desire to acknowledge the great help 
which we have received from Mr. Boothman in the carry- - 
ing out of these additional experiments at Accrington, in- 
cluding also the experiments which are described in the 
next paper of this Appendix. 


TABLE B.W. 


WasHING PercoLatinG Fitter B.W. wits Town’s Water, aT THE RATE oF 100 GALLONS oF WATER PER 
CUBE YARD PER DAY. 





Parts per 100,000 by Werght. 






































S443 3 laa clams ae et 
No.of | Dateof |-2S)2S (SSE Sleetas| Be | Gad |e 
eee Drawing SO) Be IS oS ore eaag os ahs 5 Notes. 
Sample. = se as ale = oS = 
} 1908. a4 iota Z ic Ae = S fen! on wD mR fo) Sate oa 
ae eles AZ| Ais B24 lao a DO oO 
AoE = June 19 00009} 0°0096} 0:00} 0°05 — - 1°13} Town’s Water. 
A6 - -| June 2t — — |0°00/ 0°05 — —- —- 1°28} Town’s Water. 
1143 - £ Aug. 19 os — |— |0'°05| 0128 — — — | Town’s Water. 
Al - | ~ June 19 0°20 |013 |0°03/1°47) 2°44 The |4°50| Effluent from treat- 
Solids solids re- ment of septic liquor. 
A3 - - June 19 0°013 | 0°062 | 0°00) 1°03) about 0°5 esti- mained | 2°05] Water effluent. 
Aa4 - - June 19 0°003 |! 0°057 | 0°00| 0°60 — mated the same} 1°47} Water effluent. 
AX}. 2s . June 21 0°009 | 0°063 | 0°00} 0°65 -- -by eye in ap- | 1°40) Water effluent. 
AT - - June 22 0°010 | 0°080 | 0°00} 0°75 — at about}| pearance] 1°26] Water effluent. 
A8 - - June 22-23 |0°009 | 0°080 | 0-00) 0 92}. 0°68 15 during | 1°40 
estimated || this time 
ASO r= - June 23-24 | 0°006 | 0°072 | 0°00) — — at about 2 —- 1°40 
1112 - - June 24-27 |0°02 |0°07 | 0°00) 0°83 0°70 1°60 1871 mas 
1115 - - |June 28-July 1) — — | — |0°75 “ — oT — 
1116 - - July 2-4 OO1t — |0°00| 0°65 — oo 21°8 — 
1119 - - July 6-8 — — 1 = 104s — -= — —— 
120) ee 3 Soa aes ee 7 = ops ~_ || Water effluents, aver- 
1123 - - July 13-15 0°43 - — 20°0 == age samples made up 
1124 - - July 16-18 = = Oro — ae 20°0 = ok sor sub-samples 
1125 - -| July 20-22 — — | — |0°45 — “= 70 = : 
1198 = —- | July’2a-08 0) ee ene a 12°4 = 
1129 = 202 July 25-90 eee en See 3°6 = 
1132 - - |July 30-Aug. 1) — — | — |0°30 — — 10°4 — 
1133 - - Aug. 3-5 — — | 0°00) 0°27 { 0°213 — 10°4 a 
1136 - - Aug. 6-8 = — | 0°00) 0°26 0°220 — 112 == 
1137 - . Aug. 10-12 — — 0°00) 0:21 0°230 — 17°6 s= 
1140 - - Aug. 19 = a — | 0°23 0274 —- 20°8 = 
1144 - - Aug, 26 cae Sa ere OB ig | 268) — 17°2 a 
1147 - -| Septe2 — | — | — |o'15/"\ 0-289 ~~ 180, . || |e= 
1152°-. = Sept. 9 — ee OLD -—~ —— 10°4 , | -—|| Single samples of 
1153 - - Sept. 16 as — |— |010 0°220 — 10°4 — |{ water effluent. 
x Sept. 22 = — — 10°14 0°201 — — a 
Y Sept. 30 =p | ie <91013)) M0191 ae — a 











through Filter Media ; Journ. Soc. Chem. Industry, No. 13, Vol. XX VII. 


* The measurement of the velocity of water 
(July, 1908). 


On Percolation Beds; Proc. Inst. Cwil Engineers, Vol. 172, Part II. 
+ These Tables are appended to the memorandum on the action of certain 


solutions on the accumulated — 


sewage solids in contact beds (Cf this Appendix, p. 75); the Tables are, however, only typed, but they are available for 


reference at the Office of the Commission. 
{ Estimated by direct Nesslerization. 


ff 


§ Done as a water, with * Permanganate, ete. 
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PRELIMINARY EXPERIMENTS ON THE ACTION OF CERTAIN NITRIFYING, OXIDIZING, FER- 
MENTABLE, AND DISINTEGRATING SOLUTIONS ON THE ACCUMULATED SEWAGE SOLIDS 
IN CONTACT BEDS, BY Dr. G. McGOWAN, Dr. A. C. HOUSTON, AND Mr. COLIN C. FRYE. 


These experiments were made chiefly with the object 
of seeing how far it was possible to stimulate the oxid- 
ation, or assist in the separation, disintegration and 
solution of the solids left in partially clogged contact 
beds. They were carried out at the Accrington Sewage 
works in the four experimental contact beds for septic 
tank liquor which have been already. described, two 
‘primary and two secondary.* 


These beds were constructed of brick and cement, 
and were filled with coke breeze; each of them was 
10 feet long by 9 feet wide by 4 feet deep. The empty 
tank capacity of each of the primary beds was, approxi- 
mately, 2,243 gallons, and that of each of the secondary 
beds, 2,224 gallons. 


The grading of the coke was as follows :— 

Primary Beds.—From 1 inch to 14 inches in 
diameter, with a covering of fine coke (4 inch diameter) 
in the feeding grips. 

Secondary Beds.—Between } inch and } inch in 
diameter. 


From May 5th, 1905, to January 18th, 1908 (excepting 
for a period of thirty weeks, from March 23rd to October 
20th, 1907, when they were resting), the beds had received 
regular fillings of Accrington septic tank liquor, undiluted 
or diluted. (Cf. Accrington experiments, I. and II.) 

The water capacities at the beginning and end of this 
period were as follows :-— 


TABLE A. 

















Capacity in Capacity in Loss of Capacity. 
May, 1905. gantary, 1908. | ——— 
gallons). (gallons). rallons. | Per cent. 
. maw sa pso7she 1,170 640 530. 45 
Emery Beds GEE AW Sh cons 1,185 780 405 | 34 
eitasrn feds | leva =a) aaah eee 1,035 1,000 35. | 3 
Noi 2w. .- - - 1,070 850 220 | 21 











It may be remembered that Beds 1 and 2 treated the 
undiluted Accrington liquor, while 1 W. and 2 W. treated 
the liquor after dilution with water. 


The two primary beds and one of the secondary beds 
{No. 2 W) had thus suffered a considerable reduction 
of capacity ; the other secondary bed (No. 2) had under- 
gone practically no reduction. 

Since the measurements in January, 1908, were made 





soon after an unusually long rest had been given to 
the beds, the greater part of the reduction in capacity 
at that date might be regarded as of a more or less _per- 


-manent character and irrecoverable in ordinary working. 


It will thus be seen that the experiments about to be 
described were carried out under very unfavourable 
conditions. 

On January 21st and 22nd, 1908, the beds were filled 
with the following mixtures :— 


Primary Bed No. 1 (Capacity, 640 gallons). 


Approximate weight. 





Sulphate of ammonia - . : 
Sulphate of magnesia - Sh are 
Phosphate of soda - = - 


Carbonate of lime (whitening) - 








Water - = = = = = 


Approximate percentage, 





by weight. 
7°5 lbs. 012 
Ciy tes. 0°12 
(os ae 012 
(ous 012 


640 gallons. 





This mixture was intended as a nutrient solution for 
nitrifying organisms. 

The sulphates of ammonia and magnesia were first 
dissolved in some water, the whitening being stirred in 


" separate portion of water. 





afterwards ; the phosphate of soda was dissolved in a 
Both solutions were then 
gradually added to the main bulk of the water as the 
bed was being filled. 


Primary Bed No. 1 W. (Capacity, 780 gallons). 


Nitrate of soda - 2 = 2 
Phosphate of soda : - s 


Water - - - - ws 





This was intended as an oxidizing solution. 


Approximate weight. 


Approximate percentage, 
by weight. 





80 lbs. 
16 ,, 


1:07 
0°20 





750 gallons. 


The two salts were dissolved in a cistern of water, the solution 


being gradually added to the main body of the water as the bed was being filled. 





* The Accrington experiments; this Appendix, p. 52. 
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Secondary Bed No. 2 (Capacity, 1,000 gations). 








Approximate Percentage, 


Approximate weight. by weight. 





a 
96 Ibs. 0°95 
Water - - - - - - 1,010 gallons. 


Cane sugar - - = ‘ = 











The object of adding this solution was to set up an active carbonaceous fermentation. 


The sugar was dissolved in a cistern of water, and the solution was added to the bulk of the water, as before. 


Secondary Bed No. 2 W. (Capacity, 860 gallons). 











Approximate percentage, 


Approximate weight. by weight. 





Crude caustic soda - = - 84 lbs. 10 








Water - - - = - : 830 gallons. 
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This liquid was intended as a disintegrator and solvent 
of organic matter. 


The solution of soda was made and added in the same 
way as that of the sugar. 


to be drawn from them on that day. These beds were 
drained off completely on February 14th. 


Primary bed No. 1 W. was found to be about half 
full of liquid on March 7th, and one-third full on March 


It was intended to allow the above four solutions to 
remain in the beds for a period of fully three months, 
but, unfortunately, the secondary beds were found to 
leak somewhat rapidly; the contact in their case did 
not last beyond twenty-three days, and that over a 
gradually diminishing internal surface area. By February 
7th, indeed, 7.e., in sixteen days from the start, both the 
secondary beds, Nos. 2 and 2 W., were nearly empty, 
and samples of the residual solutions had, therefore, 


18th, when a sample of the nutrient solution was taken rs 
it remained about one-third full until April 27th, when 
it was drained off. 


Primary bed No. 1 remained full for the whole period, 
t.e., from January 22nd to April 27th. A sample of its 
solution was, however, drawn on March 18th. 


The following table shows the immediate effect of the 
treatment on the capacities of the beds :— 











TABLE B. 
Natureios Number of days | Water capacity, when Water capacity, after - 
2 a be * solution wasin | solution wasadded | solution was run off 
Se contact.* (gallons).: (gallons), 

Primary Bed No. 1 - : - | Nitrifying - 96 640 630 
Primary Bed No. 1 W. - - | Oxidizing - 96 780 800 
Secondary Bed No.2 -~ - - Soon . 93 1,000 1,0 40 
Secondary Bed No.2 W. - - | Caustic - - 23 850 860 




















Tnere was thus, at this stage, no great difference in the capacities of the beds, as compared with what they 
were at the beginning of the experiment, excepting thatthe gain of 40 gallons in the case of secondary bed No. 2 
meant the recovery of its original capacity (when newly filled with coke). 


Treatment of the Beds with Water. 


After the beds had been emptied of their various solutions, 
Accrington town’s water until October 5th, 1908, 2.€., for a period of fully five months, the duration of the 


contact being 2 hours in every case. The capacities on October 5th (at the end of the water treatment), as. 
compared with those on April 27th (before the water treatment commenced), were as follows :— 


they each received two fillings per week of 























TABLE C. 

Capacity in gallons. April 27th, 1908. October 5th, 1908. Gain. 
Primary Bed No. 1 - - 630 710 80 
Primary Bed No. 1 W. - - 800 900 100 
Secondary Bed No.2 - . 1,040 1,150 110 
Secondary Bed No. 2 W. - 860 1,070 210 











* Subject to what is said about leakage. 


land 


( 
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In order to contrast without trouble the effect of the four different methods of treatment, it will be convenient 


to bring the main results of the gauging into one table :— 











TaBLe D. 
(a) April 27th ae ig cial PE i 
January 18th, cal October 15th, Ultimate gain or loss 
ae May 5th, 1908, (i) Rebriaryiaih 1908 of capacity, 
Capacity in 1905, when the al : for th as compared with 
gallons. when bed solution was ; pete hoe the new bed. 
eed yet Meta _ when the treatment with 
’ ed liquor was run water. 
: out of the bed. 
| Gallons. Per cent. 
No. 1 Primary - - 1,170 640 (a) 630 710 — 460 — 39 
No. 1 W. Primary - 1,185 780 (a) 800. 900 — 285 — 25 
No. 2 Secondary” - 1,035 1,000 (4) 1,040 | 1,150 + 115 + 11 
No. 2 W. Secondary 1,070 850 (6) 860 1,070 | 0 
} 


As the result of the whole treatment, the primary 
beds Nos. 1 and 1 W. regained only 70 and 120 gallons 
capacity of the 530 and 305 gallons which they had lost 
up to January, 1908. 

In Primary Bed No. 1, the ultimate diminution of 
capacity from 1,170 to 710 gallons was apparently due 
to a large extent to the presence of some very rosistant 
organic matter. Nitrification was probably going on 
ail the time the nutrient solution was in contact with the 
filtering material, but the nitrate (or nitrite) formed 
was immediately used up in oxidizing the carbonaceous 
matter present. 


In Primary Bed No. 1 W. the added nitrate had been 
very largely drawn upon, prior to March 18th, for the 
oxidation of the organic matter in the bed. As the result 
of the whole treatment (with solution of nitrate of soda 
and with water), the bed had recovered only about one- 
third of the capacity which it had lost during its two 
and a half years’ work with septic tank liquor. 


Both the secondary beds, however, were brought 
back practically to their original water capacities of 
1905. Indeed, Secondary Bed No. 2, though it had not 
much capacity to recover in January, 1908, showed 
as the result of the combined sugar and water treatment 
a gain of 115 gallons on the original capacity of 1905.* 
The fermentation induced in the sugar solution was an 
acid one. It looks, therefore, as if the acid produced 
by the fermentation of the sugar had had a loosening 
or solvent action upon the clogging matter of the bed. 


In the case of Secondary Bed No. 2 W., the recovery 
of capacity due to the combined soda and water treatment 
was 220 gallons.* The solvent action of the soda upon 
the organic matter accumulated in the bed was very 
marked. Further, nitrification was not long in re- 
asserting itself after the soda solution had been run off 
and the washing with water had begun, 


The most striking feature of the bacteriological results 
is’ to be found in the almost complete absence of B. 
coli from the various solutions left in contact, for a 
long period, with the material in beds which had 
become partially choked as the result of prolonged 
treatment of sewage (2.e. of septic liqnor). Inferentially, 
the results suggest that the “sewage matter” accumu- 
lating in such beds would not favour the development 
(or even the persistence) of pathogenic bacteria, such as 
the typhoid bacillus. 


Provisional Conclusions. 


Tt is only possible to make a fairly good comparison 
between the first two and the second two pairs of beds, 
respectively : 

(1) Because the size of the material was greater 
in the primary beds. 


(2) Because the primary beds treated septic 
liquor, while the secondary beds treated primary 
effluent; and 














(3) Because the secondary beds leaked much 
more than the others. 


Primary Beds.—Theve was a greater gain of capacity 
in No. 1 W. than in No. 1, and the mechanical and chemical 
analyses of samples of the bed material indicated on 
the whole that the residual material of No. 1 (7.e., coke 
plus extraneous matter) was rather the more spongy 
of the two. It will, further, be remembered that No. 1 W. 
leaked appreciably. Hence, the conclusion seems justificd 
that the effect of adding nitrate solution to No. 1 W. was, 
on the whole, rather greater than the effect of the nitrifying” 
solution added to No. 1, though there was not very much 
difference. 


Secondary Beds.—Both of these leaked rather rapidly, 
so that neither received the full benefit of the solution 
added to it. The effect of the caustic solution on No. 2 W. 
was greater than that of the sugar solution on No. 2, but 
there was more clogging material to be acted on in the 
former case. While both solutions, therefore, did well, 
it is difficult to say which did the better. Further, both 
of these were probably more efficacious than either of 
the solutions applied to Nos. 1 and 1 W. 

The clearing action of a solution of caustic soda upon 
partially clogged percolating filters has been well shown 
in connection with the experiments of the Commission 
at Coleburn ¢ and at Dorking, and the above results 
go to indicate that it might also be apphed practically a 
contact beds in certain cases. 


It would be interesting tosee some experiments of this 
kind repeated ona larger scale. The sewage liquor ordin- 
arily treated on the bed might be used, instead of water, to. 
-wash out the residual nutrient or other solution. Provision 
would, of course, have to be made for returning the foul 
liquor of the first few emptyings, either on to land or 
into a settling or septic tank, where it would be greatly 
diluted. A solution of caustic soda would probably be- 
found to act more quickly in the way of relieving a clogged 
bed than one of sugar, but, on the other hand, its use 
might possibly affect for a little time the subsequent 
nitrification in the bed. The same soda solution might 
be used more than once, if circumstances allowed of this. 


Since the results of the foregoing experiments are 
to some extent indeterminate, only the main points 
arrived at have been specified in this paper. A more 
detailed statement, with chemical and bacteriological 
tables of analysis of the various liquors and wash-out 
effluents, and with tables giving the mechanical and 
chemical analyses of the filter-bed materials, is at the 
office of the Commission in typed form, and may be 
referred to by anyone interested in the subject. 


GEORGE McGOWAN. 
A. C. HOUSTON. 
COLIN C. FRYE. 
November, 1909. 





* Cf. paragraph upon the loss of capacity in the Accrington experiments; this Appendix, pp. 57 and 61. 


{ Sixth Report, Appendix ITI., p. 24. 
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REPORT ON EXPERIMENTS WITH SEWAGE SLUDGE ON GRASS LAND, CONDUCTED AT 
THE WOBURN EXPERIMENTAL FARM, BEDFORDSHIRE, IN 1908, BY Dr. J. A. VOELCKER. 





A desire having been expressed, by the Royal Com- 
mission on Sewage Disposal, that the experiments of 
1907* should be carried on for another season, this was 
accordingly arranged. No further applications were put 
on the grass plots, but the grass—after being grazed over 
with cattle in the autumn—was put up for hay and 
the produce of the different plots weighed. 

It is only necessary to repeat here that the field on 
which the experiments were conducted was on the june- 
tion of the Lower Greensand with the Oxford Clay, 
and that it had long been in grass, which, however, was 
of but moderate quality. Seven different kinds of 
Sludge were tried, the analyses of which are given in 
full in the 1907 report. No. 1 was the poorest in lime 
and richest in nitrogen, Nos. 6, 5 and 3 following in 
respect of richness in nitrogen and smaller lime con- 
tent, while Nos. 7, 2, 4 came next, No. 4 being the 
lowest of all in respect of nitrogen and Nos. 2 and 4 the 
richest in lime. 

The applications of Sludge had been (in February, 
1907), in such quantities that in each case 40 lbs. of 
nitrogen were supplied per acre. The results for 1907 
were given in the former report and showed generally 
that the Siudges “told” very little. The season was, 


however, a quite exceptional one, marked by there being 
very little rain in February and March, and an absence 
of warmth later on. Under such circumstances it was 
felt that the applications had but little chance of 
making their influence felt, and it was decided to see 
what they would do in a second year. 


After removal of the hay crop of 1907 the land was 
grazed over with bullocks in the autumn, and early in 
1908 it was chain-harrowed and rolled. The month of 
February was again very dry, only ‘85 inch of rain 
falling ; the temperature was also high for the month. 
March and April were colder, and the rainfall more, Viz., 
2°86 inches in March and 3°74 inches in April. It was 
not until May that the grass really began to grow, the 
cold spring militating much against its progress. Even 
as late as June the treated plots looked but little better 
than the rest of the field. Notes were taken of the 
appearance of the herbage, but there was little definite 
to be found in this re-pect between one plot and 
another. At the beginning of July the grass was ready 
for cutting, and it was made into hay on July 3rd, the 
weights being duly recorded as below. For the con- 
venience of comparison, the results of 1907 and 1908 
are put side by side. 


Weights of Hay per acre, July 15th, 1997, and July 3rd, 1908. 


eee 





ee : Total of the 
Plot. Application per acre in 1907. 1907. 1908. two years. 
cwts. cewts. cwts, 
1 Sludge No, 1 (= Nitrogen 40 lbs.) - - - 39°9 25°4 65'3 - 
2 ” ” 2 ” ” < sa > 43°5 30°7 74°2 
3 eb) Sa) te 5 _ EA dns age 43°4 22°7 661 
4 ff ae id a _ aes AAA 26'2 70'6 
5 : 3.005 7 is a iad aban 43 5 20°5 64'0 
6 2 aha ale OG . i = Lape aints 13 42'8 28°2 71'0 
"7 ab tins af ei aN oes ee 472 29°4 76'6 
8 Superphosphate 3 cwt.; Lime 5ewt. --  - - 45°4 33°6 79°0 
9 No treatment. - - - - - - - 46°8 33°5 80.3 
10 Superphosphate 3 ewt.; Lime 5 ewt. ; Sulphate of 
Ammonia 3} cwt. - = - - - = 48'2 36°4 84°6 
11 Superphosphate 3 ewt. ; Lime 5 ewt. ; Sulphate of 
Ammonia 14 ewt. - - - - - = 63°2 32°5 95°7 








a a eee 


It will be seen that the hay crop of 1908 was poor, 
and much smaller than that of 1907. The only plot 
which showed any increase over the unmanured plot was 
plot 10, on which sulphate of ammonia had been used in 
1907 in conjunction with superphosphate and lime. The 
produce of the sludge plots was in every case lower than 
on the untreated plot. The conclusion must, however, be 
come to, that plot 9 (untreated) was probably better land 
than that of the sludge plots, for it is hardly reasonable 
to suppose that the sludges could have done any actual 
harm by their application. Moreover, the fact that the 
application of artificial manures on plot 8 and on plot 
10 did not largely increase the crop, would indicate also 
that plot 9 was better land than the rest, and that it 
was hardly fair to take it as as a basis of comparison. 
As regards the applications of sulphate of ammonia in 
1907, it will be seen that there was but little effect from 
these in the second year. Comparing the different 
sludges one with another, the most marked differences 
were with sludges Nos. 2 and 7, both of which, it should 
be noted, contained high proportions of lime. Sludge 
No. 1, which was the richest in nitrogen but poorest in 
lime, gave a comparatively low return. 


Taking the two years together, the general conclusion 
will be come to that the artificial manures produced larger 
crops of hay than did any of the sludges. As pointed 
out in the 1907 report, the artificial dressings on plots 
10 and 11 supplied only 16°8 Ibs. (plot 10) and 33°6 lbs. 
(plot 11) of nitrogen per acre, as against the 40 lbs. per 
acre given in the sludges, while neither phosphoric acid 
nor lime were in excess of what was supplied in the 
sludges, with the single exception of sludge No. 1, 





*See Appendix VIII, to Fifth Report of Royal Com- 
misson on Sewage Disposal, 


which was very low in lime. Therefore the larger 
crops were not due to any excessive supply of 
manurial ingredients in the artificials. It is evident, 
therefore, that the nitrogen in the sludges is not in as 
available a form for hay production as it is in artificial 
manures, and that its benefit is not apparent even when 
a second season is allowed to pass. The use of sulphate 
of ammonia in the artificial applications was, it is true, 
far more marked in the first year, and its influence in 
the second year was but slight; but, though this 
was the case, the presumably more slowly-acting nitrogen 
of the sludges did not succeed in “telling,” even when 
the trials were extended to a second season. 


These results would, therefore, throw much doubt on 
the generally accepted belief that sewage sludge, though 
it may not immediately show the results of its applica- 
tion, will ‘tell” in the long run. Further, the fact that 
the sludge that was richest in nitrogen gave, over the two 
years, the lowest result but one, would confirm the 
conclusion that the richness of a sewage sludge in 
nitrogen is not the best indication of its comparative 
value. What is noticeable, however, is that the sludge 
plots which produced the highest crops over the two 
years were Nos. 7 and 2, and that both of these contained 
high amounts of lime. | Sludge No. 4, which was the 
second richest in lime, though poor in nitrogen, gave the 
fourth best return. The conclusion would, therefore, 
seem to be justified that in these sludges the presence of 
lime is decidedly beneficial, and that lime has probably 
to do with making what nitrogen is contained in the 
sludge available, otherwise there would not have been 
the comparative failure with the sludges richer in 


. nitrogen but poor in lime. 


Were these conclusions based on the weights of hay 
alone they would, as pointed out in the 1907 report, be 
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open to the objection that this was not. the real test of 
improvement of the pasture. But, in addition, botanical 
examination and actual separation of the constituents 
of the pasture have been made in the case of all the 
plots. These do not show any material difference 
between the various plots, or any increase in the 
leguminous constituents, and it is unnecessary, therefore, 
to give the results in detail. 


Continuation, therefore, of the experiments has not 
shown that the manurial effect of the sewage sludges 
was equal to that of corresponding dressings of artificial 
manures, even when a second season was taken into 
account. As regards different kinds of sewage sludge, 
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the further conclusions are come to that the nitrogen 
is not present in a valuable or available form, and that 
the ainount of nitrogen present is not in itself a test of 
the comparative value of different sludges. On the 
other haud, lime would appear to be a desirable con- 
stituent of sewage sludges, and it is probable that it 
exerts a beneficial influence in rendering the nitrogenous 
organic matter available as plant food. 


J. Aucustus VoELCKER. 


Royal Agricultural Society of England. 
July, 1909. 





EXPERIMENTS WITH SEWAGE SLUDGES CONDUCTED AT THE POT CULTURE STATION 
OF THE WOBURN EXPERIMENTAL FARM IN 1908, BY Dr. J. A. VOELCKER. 





In 1907, by desire of the Royal Commission on Sewage 
Disposal, the Royal Agricultural Society of England, 
carried out, at the Woburn Farm, an extended series of 
trials with seven different kinds of Sewage Sludge supplied 
to them by the Royal Commission.* These experiments 
were on the wheat crop, and, the desire being expressed 
that the work should be continued for a second year 
without any further applications being given, this was 
accordingly done, barley being the crop grown in 1908. 


There was made, in 1907, not only a comparison of 
one kind of sludge with another, but these were generally 
compared with “artificial equivalents” in the shape of 
fertilisers, so that an idea could be formed of the respec- 
tive money values of the different sludges. The entire 
series was carried out by Pot culture methods, these 
lending themselves particularly well to the simultaneous 
conduct of a large number of trials, and in a way that 
would be difficult in the case of field experiments. More- 
over, the observations which it was possible to make 
throughout were thereby of additional value, and the 
duplication of experiment removed to alarge extent any 
disturbing factors in the results. 


The analyses of the seven different sludges are given 
in the 1907 Report, and it is enough to mention here 
that the main differences between them were in respect 
of the moisture, the nitrogenous organic matter, and the 
lime which they severally cont ined. Sludge No. 1 was 
the second driest (moisture 8°04 per cent.), the richest in 
nitrogen (2°24 per cent.) and the poorest in lime (3°87 per 
cent.). Sludge No. 6 was the driest of all (moisture 3°55 
per cent.), the third highest in nitrogen (1°42 per cent.), 
and the second lowest in lime (9°48 per cent.). On the 
other hand, Sludge No. 4 was the highest in moisture 
(38°5 per cent.), the lowest in nitrogen (‘53 per cent.), 
and the second highest in lime (25°17 per cent.). The 
highest in lime was Sludge No. 2, containing 26°67 per 
cent., while it had 27°38 per cent. of moisture and only 
‘917 per cent. of nitrogen. The other sludges held 
intermediate positions, not differing widely from one 
another in respect of moisture (11°38 to 14°04 per cent.), 
or of nitrogen (1°03 to 1°56 per cent.), while the lime 
ranged from (12°42 per cent. to 18°17 per cent.). Accord- 
ingly, Sludges 1 and 6 may be taken as representative of 
_ sludges dry in character, rich in nitrogen, but poor in 
lime ; while Sludges No. 2 and 4 were characteristic of 
sludges of moist nature, low in nitrogen, but rich in 
lime. 


Each sludge was applied, according to the plan 
suggested. by the Royal Commission, at a rate to supply 
40 lbs. of nitrogen per acre, and, to correspond with 
these applications, artificial mixtures, composed of 
superphosphate, rape clust, and lime, were given, supply- 
ing the like amounts of manurial constituents. 

Thirdly, with the idea of getting at the actual money 
value of the sludges in practice, a further set of experi- 
ments was set out in which three of the sludges (Nos. 1, 2, 
3), applied at a farmer’s rate of 2 tons per acre, were 
compared with artificial dressings (superphosphate, sul- 
phate of ammonia, and lime) costing respectively 23/- 
and 30/- per acre. 

Each experiment was in triplicate, so as to provide 
cheeks on the results obtained, and 69 pots in all were 


* See Appendix VIII. to Fifth Report of Royal Com- 
mission on Sewage Disposal. 


used. Details of the filling of the pots. applications of 
manures, analyses of the soil, manures, Wc., are given in 
the 1907 Report. 


The general conclusions formed as the result of the 
wheat experiments of 1907, were :— 


1. That the different sludges, applied to supply 
40 lbs. of nitrogen per acre, increased the yield of 
corn and straw by 10 to 12 per cent. over no treatment. 


2. That the increase was not so great—by about 5 
per cent.—as that from artificial equivalents of the 
sludges. 

3. That the use of sludge tended to give increased 
length of straw. 


4, That the sludges that did best were those which 
contained most moisture and most lime, and not 
those richest in nitrogen. 


5. That 10/- a ton would represent the full value, 
on the farm, of the best of the sludges. 


It was desired now to see whether another year’s 


* experience, by taking a second corn crop (barley) without 


further application of manure, would modify in any way, 
or confirm, the above observations. It was considered 
possible that the sludges, being more or less slow in 
their action, would not have exhausted their benefit with 
the wheat crop, but that something might be left over 
for a second crop, while this might or might not be the 
case with the “artificial equivalents” with which they 
were compared. 


After the wheat crop of 1907 was harvested, the soil 
in the pots was broken up for 3 inches depth, the wheat 
stubble being turned in, just as would be the case in 
the field. There was nothing to note as regards any 
differences of appearance in the roots of the different 
sets. In February, 1908, a mossy growth was noted on 
the surface of some of the pots, the particular ones 
being those which had the most lime; this continued 
throughout and was again noticed very markedly after 
the barley was harvested. Special reference will be 
made to this later. In March, 1908, the root growth 
was again broken up, and this process was repeated later 
on, so as to get even distribution throughout the soil. 
On April 4th, 1908, “‘ Malster” barley was sown, twelve 
seeds in each pot. The seeds came up well, almost 
without exception, and there is nothing particular to 
record as regards any differences shown in germination. 
In no case did the germination fall below 80 per cent. 
On May 21st, by which time no differences in the plants 
were observable, the number of plants was reduced to 
six per pot, the usual quantity kept to. Cold nights 
during April retarded growth, but, early in May, there. 
was improvement ; rain, too, tell, and the plants made 
good progress. In June, however, there was high tem- 
perature and very little rainfall (1°47 inches only for 
the month), so that the plants fell away somewhat and 
did not “tiller out” well. In July the untreated plots 
looked about as good as any of the others, while, as 
between the sludges, No 2 was perhaps the best, ‘The 
crops were very free from “smut” and fungoid attacks 
throughout. By August 17th the barley was ready to 
cut, the different lots were photographed, and the 
produce was harvested on August 23rd. The following 
table gives, in the same form as that adopted with the 
wheat experiments of 1907, the barley results for 1903 :— 
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Sewage Sludge Experiments, Woburn 1908, on Barley, after Wheat (Pot-culture). 


Harvest Results, giving average lensth of Ear and Straw, average number of Ears and Grains, averaze weight of 
; Corn and Straw, &c. 


a ee See 




















pee Average Average Bcoeiens ae 
Jo. y t yel 
Series. ore Treatment in 1907. sees) number of | weight of untreated. 
Pots. as aa (aS wr > a 
: ear. | straw. ears. igrains.| corn. |straw.| corn. | straw. 
inches.|inches. grins./grms.| o/c o/c 
A* 6 an Sage <control) - - = a ie 8°8 132 | 6°04 | 6°60 | 100°0 100°0 
2 Sludge No. ale de rs - = ‘0: : 8°5 122), 5:27]. 5:85 87°2 88°7 
3 eis! artificial equivalent - | 1:89] 1412] 83 | 114] 5131] 5-441 84-9 82°6 
8 | SludgeNo.2 - - -- = = | 223°] 15°29] 10:0 | 177 | 7-741 8-051 1981 | Jo9's 
3 ape artificial equivalent - oe syed 9°7 154 | 7°09 | 7°08 | 117°4 107°3 
Sludge No. EROS - El a 5 9°5 145 | 659 | 653 | 109°1 98°9 
3 ae tenes artificial equivalent . we ee td 131 | 5°74 | 5°98 95°3 90°6 
Sludge No. a ae kh rope 76 | 13°0 | 204] 9:20|10:43 | 1523 | 158°0 
: ch RRS artificial equivalent - dee 16°20] 10°0 159 | 7°22 -}° 7-412 4° 119°3 107°8 
3 [Sludge NO. 5 ee a me a 22h | 1865) 60 | O41 Gt ee 
3 ‘P “ artificial equivalent -| 221 | 14°90] 73 120 | 5°56 | 5°64 92°0 85°5 
Bt : ae ae (control) - - - . ale 14°21} 60 88 | 403 | 4°61] 100° 100°0 
udge No. wey yt | 1791 13°18 | 70 93° 193-47 a 6a ee 
PS artificial equivalent - a hae 57 95 | 4°34 | 439] 1077 | 952 
2 | Sludge No. aes eee SYA WM METS Ts Nigel) 
‘ 2 ~ 2 artificial equivalent Ne ZS yeeO eT «BO 77 | 386 | 4°36 95°7 94°6 
Ct 3 N o treatment (control) - - - ewer OS) TSA) 85 122 | 4°88 | 6°37 | 100°0 100°0 
: Sludge 0. s ; tons per acre - - ae 1410} 80 119 |" 468 [642 95°9 100°9 
4 ” 0. 4, ” = = : 13°57] 80 121 | 4°99 | 514] 10272 80°7 
2 9 oO UNG oe ge - - | 2:07 | 1416] 8-0 120 | 4°97 | 5°92 | 101°8 92°9 
{ Superphosphate 2 ewt. 3 Lime 5 ewt. ; ] 
g Sulphate of Ammonia # ewt. ; per 2°01 | 14°70] 65 95 | 4°42 | 4°85] 90°6 761 
| acre, cost 23s, - - = > J 
l Superphosphate 3 ewt. ; Lime 10 cwt. . 
3 Sulphate of Ammonia 1 ewt. } per | 1°95 | 13°99] 8°0 108 | 4°74 | 5°33 97°1 83°6 
[ acre, cost 30s. - 2 = : J 





* 40 Ib. soil per pot. 


It will be noted that in compiling the foregoing 
average results those pots have been left out of account 
which, owing to accidental circumstances, did not give 
results in accordance with the other duplicate ones. 

Examining now the results in detail and comparing 
them w.th those obtained in 1907 with the wheat crop, 
one observes, in the first place, that the barley crop was 
decidedly peor, giving only about one quarter the weight 
of the wheat. Next, the increases, where any occur, over 
the untreated produce, are but small, and bring out that 
there is but little left, after a wheat crop, for a second 
corn crop, from a dressing of sludge or its equivalent in 
artificial manures. The same point is brought out where 
2 tons of sludge to the acre were used, while the artificial 
manures costing 23s. and 30s., respectively, had also 
exhausted their effests with the wheat ercp. There is 
little, therefore, to lead one to look in a second season 
for any decided influence on direct crop-bearing from 
the use of sludge. In other words, the “ lasting” effect 
of it has not been established. Whether or not, attend- 
Ing its use, there be mechanical and physical advantages 
accruing to the land on which sludge is used is a different 
point. but one which pot-culture experiments are not 
calculated to bring out. 

As between the sludges and their artificial equivalents, 
there is little to choose, and the superiority of the latter 
noticed with the wheat crop in 1907 disappears, the 
singe indeed, in 4 cases out of 7, giving the higher corn 
yield. 

As regards number of ears, length of straw, &c., Sludge 
No, 4, and, to a lesser extent, Sludge No. 2, were the 





T 32 lb. soil per pot. 


only ones to increase the number of ears and number of 
grains materially, while Sludge No. 4 alone increased 
the length of straw. These two sludges, it will be 
remembered, were the ones richest in lime, but poor in 
nitrogen, and possessing much moisture. There was 
not the tendency, noted in 1907, for the sludges to pro- 
duce a longer straw. 


Comparing next the different sludges one with another, 
it may be said that Sludge No. 1, the richest in nitrogen 
but poorest in lime, gave, all round, the worst results. 
This had been also the case with the wheat in 1907, 
Sludge No. 5 was little or no better, while Sludges Nos. 
3, 6 and 7 were all of them just about the same, on the 
average, as the untreated plots. The only dressings 
which have given any consistent gain are those of 
Sludges Nos. 2 and 4, the ones richest in lime. This is 
the same result as was brought out in 1907 with the 
wheat crop, and would confirm the conclusions then 
arrived at that the value of sewage sludges is not 
marked so much by the nitrogenous organic matter 
they contain as by the lime, and, further, that it is 
desirable to have a sludge in a moist condition rather 
than very thoroughly dried. As regards, lastly, the 
application of some of the sludges at the rate of 2 tons 


per acre, this did not leave anything material for a — 


second crop, nor, it is fair to say, did the artificial appli- 
cations costing 23s. and 30s. per acre respectively. The 
outside value of 10s. per ton put last year on the best of 
the sludges is, therefore, a maximum une, even when 
subsequent crops are to be taken into consideration. 





CONCLUSIONS (BASED ON THE RESULTS OF THE EXPERIMENTS OF 1907 AND 1908.) 


I, That the different sewage sludges, when used in 
quantity to supply 40 lbs. of nitrogen per acre, will 
benefit a wheat crop to which they are applied, increasing 
both corn and straw to the extent of-10 to 12 per cent. 
above the unmanured produce. 

2. That the increase of produce in the first crop (based 
on the results of the experiments of 1907 and 1908) will 
not be as much, by 6 or 6 per cent., as that obtained with 
“artificial equivalents” supplying the same constituents 
in equal amount. 

_ 3. That, after taking a wh2at crop, sewage sludge or 
its equivalents in artificial manures leave practically 
nothing over for a second corn crop. 

4. That, of different sewage sludges tried, those which 
show the most benefit for a wheat crop to which they 
are applied, and which leave most remaining over for a 


if 


second corn crop, are those which are moist in character 
and which contain much lime. 

5. That nitrogenous organic matter is not the deter- 
mining factor in the value of sewage sludge, but that 
it is In an inert condition which requires the use of 
lime to bring it into action. 

6. That 10/- a ton, on the farm, is an outside figure 
for the value of such sewage sludges as have been 
examined, even when a crop subsequent to that to which 
the sludge has been directly applied is also taken into 
account. 


J. AuGustus VOELCKER. 
RoyvaL AGRICULTURAL Society oF ENGLAND, 
July 1909, 
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Nore oN GREEN GROWTHS FOUND ON CERTAIN OF THE SOILS. 


It had been observed that on certain of the pots a 
green growth—as if of mosses or algze—was spreading, 
and that this continued to increase, remaining after the 
crop (barley) had been removed. 


The pots on which it occurred were noted, and its 
resence was found in special abundance on the 
ollowing :— 

(a) the three to which Sludge No. 2 had been 
applied. 
(4) the three “equivalents” of Sludge No. 2. 


(c) the three to which Sludge No. 4 had been 
applied. 


(d) the three “equivalents” of Sludge No. 4. 
The above, it will be noted, were the sets to which the 


most lime had been applied. Other sets, eg., No. 7 


>] 
showed the same appearance, but to a lesser extent. 


EXPERIMENTS WITH SEWAGE 


Specimens of the growth were collected and sent to 
Kew, where, by the kindness of Mr. A. D. Cotton, they 
were examined, Mr. Cotton reporting that the growth 
was much the same in each case, and consisted mainly 
of mosses of different kinds (Bryum sp., Pottia 
trubeatula, &c.), Liverworts (Riccea glauca) and Alge 
(Vaucheria terrestris). While this growth was not 
remarkable in itself, it is worthy of note that it was 
found principally on the soils where lime was present in 
largest quantity, and this whether lime had been applied 
direct (as with the “equivalents”) or in the sludges 
themselves. Where the mosses &c., grew best, there 
the corn crop had flourished most. ‘This would seem to 
indicate that the presence of lime in the sludges—up to, 
say, 25 per cent.—is very desirable, and that without a 
sufficiency of lime the nitrogenous matter of the sludges 
does not get broken down and made available. 

J.A.V. 





SLUDGE UPON HAY. 


EFFECT OF THE RESIDUES oF MANURES APPLIED IN THE WINTER OF 1906-7 ON THE Hay Crops oF 1908. : 


By Mr. T. H. MIppLeton. 


In 1907 experiments were carried out on eight farms 


in widely separated districts of Great Britain, for the 
purpose of testing the effects produced by application of 
various sewage sludges on the hay crop. An account of 
these experiments was published in Appendix VIII. to 
the Fifth Report of the Royal Commission on Sewage 
Disposal. It was shown asa result of the experiments 
of 1907 that, in the case of the four northern stations 
(Aberdeen, Glasgow, Newcastle, and Leeds), the sludges 
had increased the crop by from 5 to 9 ewt. per acre over 
the yield of 32 cwt. harvested on unmanured land, while 
in the case of the four southern stations (Bangor, Cam- 
bridge, Rothamsted, and Wye), no increase was obtained. 
From the appearance of the growing crops and other 
considerations, the increase produced by the sludges was 
attributed to the nitrogenous compounds which they 
contained. As these nitrogenous compounds exist in a 
slowly available form, and as, moreover, some of the 
sludges contained considerable quantities of phosphates 
and of lime, it was anticipated that after the harvest of 
1907 considerable manurial residues would remain for 
subsequent crops. With the view of testing the effect 
of these residues, arrangements were made for the con- 
tinuance of the experiments at five stations. In no case 
was any fresh application of manure made to the plots 
under experiment, and there was no special treatment 
until after the grass was cut, when the produce of each 
plot was dried and weighed as hay. 


The spring of 1908 was unusually late, the temperature 
in the second half of April was low, and towards the 
end of the month there were several heavy falls of snow. 
A cold April was succeeded by a dry May and a dry, 
very hot June. The weather conditions were therefore 
unfavourable for a good hay crop and very unfavourable 
for bringing out the effects of slow-acting manures. For 
this purpose moist and warm “growing” weather is 
wanted between the middle of April and the middle of 
May. Inacold April the only manures likely to assist 
a hay crop are such readily available fertilisers as nitrate 
of soda or sulphate of ammonia, while if May is dry, the 
development of the herbage is limited by the available 

_ supplies of moisture, and manures have little chance of 
increasing the crop. 


The results obtained in the experiment of 1908 are 
set out in the accompanying table A. For the sake of 
convenience the manures applied in the winter of 1906-7 
have been shown, together with the values of the arti- 
ficial manures, but the figures denoting yield relate only 
to crops produced in 1908. It has been considered un- 
desirable to complicate the table by introducing the 
results of 1907, as these have already been published. 


If the crops of 1908 are examined, it will be seen that 
a considerable increase has resulted on one or two of the 
sludge plots, as, e.g. on Plot 7 at Glasgow, and Plots 
1 and 2 at Rothamsted ; but if the yields are compared 
with the produce obtained from other plots at the same 
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station, it will be apparent that the favourable results on 
these plots are accidental. Thus, at Glasgow, Plot 11 
received one and a half times the dressing of sludge given 
to Plot 7, but instead of a further gain there was a loss 
of crop. It is highly improbable that an additional 
dressing of sludge could have injured the herbage, but 
even if the results obtained on Plot 11 are discarded as 
being possibly due to an excessive application of sludge, 
the crops obtained from Plots 12, 13, and 14 would serve 
to throw suspicion on the results of Plot 7. Again, in 
the case of Rothamsted, it is much easier to explain the 
increase on Plots 1 and 2 by assuming that the soil was 
better at one side of the field than elsewhere, than on 
the assumption that Sludges 6 and 7 were superior to 
those used on the other plots, for no evidenee of 
superiority is to be found in the results obtained at the 
other stations. 


Setting aside, therefore, increases which are almost 
certainly due to other influences than the special 
manuring, the conclusion to be drawn from the figures 
as a whole is that there is no definite evidence of any 
effective manure residue in the case of any one of the 
sludges applied to the land in the winter of 1906-7. 


But though no evidence of a positive character is 
available, the figures in the Table supply evidence of 
another kind which must now be noted. 


In addition to the sludges, certain of the plots received 
standard artificial manures, and in their case the residual 
value was also tested. - It will be seen that just as in the 
case of the sludges no defimite results were obtained 
from the residues of these artificial manures. In one 
respect this is satisfactory, for it shows, as has already 
been argued, that the conditions under which the test 
was made were unfavourable. 


The effect of the residue of an application of sulphate 
of ammonia is not usually visible on a hay crop, and no 
definite conclusion can therefore be drawn from a 
comparison of the effects produced by nitrogen in the 
artificial manures and the sludges. The nitrogen in the 
sludges has in this particular season produced no in- 
crease, but the same result might have followed had a 
slow-acting artificial manure, such as bone-meal, been 
employed. But in the case of the phosphatic manure 
and the lime a comparison is possible, as both remain 
in the soil available for vegetation for a considerable 
time. In the case of the latter, it will be seen that 
no result has followed the application of quick-lime, 
even at Glasgow, Leeds and Cambridge, where the 
quantities used were in excess of the lime supplied in 
any of the sludges. With respect to the former, it may 
be observed that although not more than 100 lbs. per 
acre of basic slag was applied, and though no marked 
effect could be expected from the residue of so small a 
quantity, yet the weight of phosphoric acid applied in 
the standard manure was greater than the weight 
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supplied by Sludges 2 and 3, equal to the amount in 
Sludge. 7, and nearly as much as was contained in 
Sludges 3 and 6. 

If therefore any conclusion is drawn about the phos. 
phates present in these sludges, it must be that under 
the conditions of the test these residues are no more 
effective than the residues of basic slag. Similarly, it 
may be concluded that there is no evidence showing the 
lime in the sludges to be any less effective than ordinary 
lime. 

The only plots receiving an amount of phosphates 
approaching that which would be contained in an 
ordinary manuring were those dressed with Sludge No. 1. 
Plot 11, especially, which received about 60 lbs. phos- 
phoric acid per acre, might have been expected to show 
some distinct advantage, but there is no evidence of 
this in the records of four out of the five stations. 

In the fifth case, Cambridge, there is some slight 
indication of an effect, and it will’ be desirable to 
examine the results from there further. 
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In the Cambridge experiment every plot was dupli- 
cated and there were three unmanured plots. The soil 
was a medium loam overlying gault, but largely derived 
from gravel. In favourable seasons such soils respond 
freely to applications of either basic slag or super- 
phosphate, but in a year like 1908 very little effect would 
be expected. The field was quite flat and apparently 
uniform, but in the absence of rain very slight 
differences in the physical texture and depth of the 
soil would, by affecting the moisture supply, greatly 
influence the yield. This disturbing effect of season 
is clearly shown by the Cambridge plots. 


In addition to the manures used in the general 
experiment, the Cambridge experiment tested some 
other common fertilisers. 


It will be unnecessary to give the whole of the Cam- 
bridge results, as most of them have already been given in 
the general Table, but a few figures of interest are 
brought together in the following statement. 
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J al u + or —, as 
' Z : compared 
Plot. Manures per acre. Plot. Average. aM, 2 
ft B. G. manure plots. 
cwt. ewt. cewt. ewt. cwt. 
10 No manure - . - Res - =" T275 12°75 20°0 152 — 
, ( 20 Ibs. Nitrogen. | 
30 Complete artificial 40 lbs. Phosphoric | at : : ’ 
manure. Acid. rN 15°75 ay A ure 
20 lbs. Potash. 
32 Ditto. but Phosphoric acid omitted | 12°75 | 14:0 aa 13°4 —1°8 
28 10 ewt. Basic slag (200 lbs. Phosphoric acid) -| 205 | 15°75 _ 181 +2°9 
40 lbs.. Nitrogen. rer 
7 1,724 lbs. Sludge No. 1 39 lbs.. Phosphoric 16 25 14:0 -— 15‘1 nek 
: Acid. ' 
50 lbs. Nitrogen. 
11 2,586 lbs. Sludge No. 1 59 lbs. Phosphoric 16°5 18°0 | — 17°2 +2°0 
Acid. 
26 10 tons poor cattle dung (made without cake) -.| 20°0 18°0 — 19°0 +3°8 
27 10 tons rich ditto. (made with cake) 2 1i28°25: a7" 200 EK 24°6 +9°4 








In judging of the effects of the manures, it will be 
desirable to have regard to the figures on each plot rather 
than to the average yield. There is reason to suspect 
that something has gone wrong with the yield recorded 
from the third unmanured plot. Three plots only in 
the whole series of over sixty gave a higher yield, and 
it is 50 per cent. more than was obtained from the other 
unmanured plots, each of which produced 123 ewt. of 
hay. Further, the manured plots immediately adjoining 
Plot 10 C. yielded 16} and 14} cwt. respectively. Nothing 
exceptional was noticed in the crop of this plot, nor can 
any explanation of the anomalous yield be obtained. If 
the yield of Plot 10 C. is discarded, and the returns from 
the other Plots are examined, the following conclusions 
would seem to be warranted. The residue of 10 ewt. 
basic slag has produced a distinct increase. Farmyard 
manure, especially when enriched by the use of oil cakes, 
has produced a marked increase. When the yields from 
Plots 10, 32 and 7 are compared, it seems probable that 
the residue of Sludge No. 1 on the last named plot has 
been responsible fora slight increase. The larger dressing 
of this sludge on Plot 11 has produced a distinct increase. 
A comparison of Plots 30, 28 and 11 would indicate that 
the effects of the sludge are not entirely due to the 
phosphates present in it. The increase might be entirely 
due to the nitrogen contained in the sludge, but there are 
no results for comparison bearing on this point, and it is 
reasonable to assume that both the nitrogen and 
phosphates have been available. 


The results obtained from the other sludges at Cam- 
bridge were :— 





Yield per acre. 








Plot. 

A. B. 

ewt. cwt. 
No. 2. 14°25 15°75 
No. 3. Louis 13°5 
No. 4. 14°0 17°5 
No. 5. 1275 17°75 
No. 6. 12°5 175 
No. 7. 1335 17°75 





- Tf these figures are compared with the yields obtained 
on the unmanured plots and on Plots 32 A. and B., the 
impression is formed that at Cambridge the sludges have 
been responsible for a slight increase in crop. 


But here, as in the general results, it is impossible to 
draw definite conclusions as to the value of the residues of 
sewage sludge. One can only point to indications of 
value, and again draw attention to the fact that the 
season was unsuitable. 


T am afraid that so far as the present series of experi- 
ments is concerned, the verdict as to the manurial value 
of sewage sludge must rest at—‘‘ Not proven.” 

T. H. MIppLeron. 
Board of Agriculture. 


Feb, 11th, 1909. 
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REPORT ON THE STERILISATION OF SEWAGE EFFLUENTS., — 
By Dr. A. C. Houston. | 





CONTENTS. 
PAGE. 
Reference to a previous brief communication on the Subject made to the Commission in 1902 - 84 
Reference to the chief methods for the sterilisation of sewage effluents (heat, ozone, filtration, 
chlorine compounds) - - - - = - = - - - > - = - 85 
Arguments for and against the sterilisation of sewage effluents - > ~ - - os - 86 
The approximate cost of sterilisation by means of chloros (sodium hypochlorite) as judged by the 
results of the experiments set forth in Series I., II., and III. (Addendum) - - - - 87 
ADDENDUM. 
Series I. Preliminary laboratory experiments with chloros (sodium hypochlorite)  - - . 88 
Sprizs II. Hendon experiments with chloros  - - - - : . - . 89 
Series III. . ‘3 3 ¥ z . : : z = : 3 Q 95 





It may serve as a useful introduction to this subject if I quote from one of my 
previous Reports* to the Commission as follows :— 


‘Next as regards the complete or partial sterilisation of the effluents by chemical substances. 
By complete sterilisation is meant the absolute destruction of all microbes, sporing and non-sporing- 
By partial sterilisation the death of all bacteria present as bacilli (or in coccus form) is implied, 
but not the death of the spores of bacteria. And for a reason presently to be explained it is oi 
advantage to limit this a little further by saying that this partial sterilisation may be judged to be 
sufficient if B. Coli is destroyed. 


“This distinction is important, because the difficulty of killing spores is very great, whereas 
bacilli (and cocci) are much more easily destroyed. Thus the thermal death point of B. Coli is 
about 60-65° c. ; of some spores actually 120°c. And the same striking difference holds good in 
the main as regards chemical antiseptic substances. It is evident then that the difference in cost. 
between the complete and partial sterilisation of an effluent would be a very material difference, 


and it may be questioned if the additional freedom from danger resulting from complete sterilisation 


would merit the extra expenditure. ; 


“The number of spores of aerobic and anaerobic bacteria in sewage would seem to be about 100- 
1,000 per c.c. in the case of a total bacterial flora of 1-10 million or more. So that the spores form 
a relatively small proportion of the total germs in sewage. Of pathogenic spores habitually or 
occasionally present in sewage, B. enteritidis sporogenes, tetanus, malignant ceedema and anthrax 
must be considered. Are we to consider that the risk of these and other sewage spores remaining 
in an effluent which is being discharged into a potable river is so grave that complete sterilisation is 
necessary ? In the present state of knowledge this can hardly be said, and having regard to the 
almost insuperable difficulties attending complete sterilisation of effluents, to insist upon it would 
seem to be impracticable. 

‘What then would the partial sterilisation of effluents mean? Jt seems justifiable to 
conclude that the destruction of B. Coli would mean the death of the typhoid bacillus, ‘and 
perhaps in general of the germs of epidemic disease. And it may be seriously questioned if the 
practical difficulties and the cost of such partial sterilisation is in any way out of proportion to the 
enormous gain in securing comparative immunity from danger. A large number of substances 
would seem to be capable of effecting this object at a reasonable cost, ¢g., ozone and chlorine 
compounds, 

“The question what means are available for sterilising or partially sterilising sewage effluents, 
and what would be the cost of adopting such means, is one which should, I think, be definitely 
settled by further experiments. 

“Tn the present state of knowledge, and bearing in mind what is practicable, I consider that. 
in the case of potable rivers it would be reasonable to require that an effluent be free, or nearly so, 
from putrescible matter as judged by chemical standards; and be free also from the specific germs. 
of epidemic disease, ¢.g., B. I'yphosus as judged indirectly but seemingly in safe fashion by the 
absence of B. Coli.” : 


It will serve no useful purpose to include in this Report a large number of 
preliminary experiments, which were carried out in the laboratory, with various 
germicidal agents, and under various conditions. 


These experiments were carried out as a guide to future work and they showed, 
among other things, the importance of economising the dose of germicide by prolonging 
the duration of contact of the liquid to be sterilised with the sterilising agent. In 
the past, undue importance has been attached to rapidity of action, with the result. 





* Provisional note on the Bacteriological qualities of crude sewage and sewage effluents and the question 
of standards in relation to potable and non-potable streams. Second Report of the Royal Commission on 
Sewage Disposal, 1902, pp. 27-28. 
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often, that a dose of germicide had to be recommended (to be effective) which was in 
excess of what was really required, which was economically impracticable, and which 
laboured under the serious disadvantage that the sterilised fluid still contained so 
much of the sterilising agent as to be a possible source of danger to animal and 
vegetable life. 


The key to successful sterilisation on a practical scale obviously is to use the 
smallest amount of the germicidal agent that will kill the bacteria, and to attain this 
end it is equally obvious that time is required. It is true that attention to this 
matter entails extra capital expenditure in providing special tank accommodation, 
but the reduction in working cost thus obtained is so material as far to outweigh 
this disadvantage. : 


There are at present four chief methods of sterilising sewage effluents which 
offer some hope of success either in general or particular cases. 


_ (1) Heat. This is placed first because, apart from questions of cost, it is 
absolutely reliable and is independent of the degree of purification of the eftluent. 
The cost would be considerably reduced by employing a temperature of 65° C (partial 
sterilisation) instead of 100° C (complete sterilisation). ‘The former temperature 
would suffice for the destruction of B. Coli (partial sterilisation), although the latter 
temperature would have to be used if, for some special reason, it were considered 
desirable to kill the spores of bacteria (complete sterilisation). I am not aware, 
however, of any practical installation run on exactly these lines, but there are 
a number of plants in practical operation, at the present time, which are used for 
softening and completely sterilising water for domestic purposes, and these-are now 
worked in such a way that the heat of the sterilised water is used to raise the 
temperature of the incoming cold water, so that the liquid finally escaping from the 
apparatus is only a few degrees warmer than the water before treatment. No 
opportunity has presented itself of testing this method as there appears to be no 
installation treating a sewage effluent by means of heat, but the thermal death point 
of pathogenic bacteria being well known such tests seem almost unnecessary. The 
whole question is one of cost, but it is very difficult to obtain precise figures on this 
point. The prices given are usually contingent on a combination of favourable 
circumstances which may not exist in actual practice. Probably a working cost 
ranging from £1 to £10 per million gallons would be incurred, and it is not unlikely 
that the price would be nearer the latter than the former figure. 


(2). Ozone.—Sterilisation by means of ozone is an ideal method of rendering 
sewage effluents innocuous, and labours under one disadvantage only, namely, that it 
is costly, even under favourable conditions. I have had no opportunity of testing 
practically its value, but the efficacy of ozone as a sterilising agent*™ is undisputed, and 
has been investigated by many competent bacteriologists. There are a number of 
methods for the production of ozone and bringing it into intimate relation with the 
sewage liquid to be sterilised. As a rule, I think, the ‘‘full value” of the ozone is not 
obtained, the period of contact being commonly so short that an excess of ozone has 
to be used to be effective. To be economically successful, the effluent must be very 
pure and almost free frem suspended matter. The working cost per million gallons 
is stated variously at from £1 to £10. Probably £1 to £5 is a safe estimate, but 
it would be perhaps wiser to calculate the cost at from £2 10s. to £5 than from 
£1 to £2 10s. Initial outlay and depreciation of plant are factors of importance. 


(3). Filtration.t—Experience has been gained, as regards the sand filtration of 
sewage effluents, at Hendon and at Dorking, and many analyses have also been carried 
out of the Leeds effluents after very rapid filtration through fine material. At all 
these places the results were relatively good, but actually unsatisfactory. That is, 
although the percentage improvement was often remarkable, the actual number of 
bacteria found (habitually or occasionally) in the filtrate was too high to give any 
assurance of the uniform safety of the process. it needs to be remembered that even the 
sand filtration of initially much less impure water for domestic purposes at waterworks 
is believed to be satisfactory only in a relative sense, inasmuch as the filters fail to 
eliminate all the bacteria of intestinal outcome present in the raw water before 
filtration. 








* That is, as regards the destruction of bacteria (e.g. B. Coli), present as bacilli, not as spores. 


+ Filtration, strictly speaking, is not a sterilisation process, but it is convenient to consider it here as the 
object in view is the elimination of bacteria of undesirable sort from an impure liquid. 
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(4) Chlorine compounds.*—Bleaching powder, sodium hypochlorite, oxychloride, 
“ Hermite” fluid, and Howatson’s liquids, have all been tried, either in this country or 
abroad, with successful results. Personally, I have had most experience with oxy- 


chloride and chloros (sodium hypochlorite), particularly the latter. Without prejudice - 


to the value of other substances, it may be desirable to base my conclusions chiefly on 
the results of my experience with chloros (sodium hypechlorite). 


Among arguments against the sterilisation of sewage effluents are :— 


(1) That the sterilised liquid may become actually poisonous, or at all events noxtous 
in character, as a result of the presence of the sterilising agent.—Forcunately there are a 
number of germidical agents known, which at the end of the sterilisation process leave 
no appreciable amount of poisonous or noxious ingredient in the sterilised liquid, 


(2) That the cost may be excessive —This, of course, entirely depends on the circum- 
stances of the case. To sterilise a sewage effluent about to be discharged into a large 
volume of tidal water might, apart from questions of safeguarding shell fish, involve an 
unjustifiable expenditure of money. To sterilise a sewage effluent destined to be 
discharged into a much larger volume of river water above (a2d near) the “intake ” 
for waterworks purposes of a waterworks authority supplying the needs of a large 
population would involve a cost which, from the point of view of the water consumer, 
might be considered almost negligible. Another argument commonly used against 
sterilisation is to quote the cost that would be involved in the hypothetical case of a 
large town; but the cost of sterilising one gallon and one billion gallons is proportionately 
the same. 


A much more serious argument against the sterilisation of sewage effluents is the 
fact that these do not generally include storm water, which is known to be most impure 
bacteriologically. The cost of sterilising more than the dry weather flow of sewage 
would certainly be material (about 50 per cent. extra) and it might be found quite 
impracticable to deal satisfactorily with sudden rushes of storm water. Moreover, it 
is often the case that only a portion of the storm water actually reaches the sewage 
works, owing to the presence of storm overflows higher up in the sewerage system. 
Further, a waterworks authority drawing water from an average river for water- 
works purposes must usually, whether the sterilisation of sewage effluents above their 
“intakes” is in operation or not, adopt costly precautions to render the water palatable 
and safe for human consumption. In this connection it may be noted that, in the 
event of sterilisation of the discharged sewage being practised, the waterworks pre- 
cautions need perhaps not be so costly, or, if as costly, the water supply must necessarily 
be safer. 


(3.) That by sterilising a sewage effluent the bacteria are destroyed which brought about 
its partial purification, and so the complete and final purification of the liquid may be 
prevented or delayed.—Nature, however, seems to have provided for such con- 
tingencies, as the nitrifying bacteria are widely distributed and are always present 
in river water. : 

(4.) That sterilisation is not needed in the case of properly purified efiuents.—This 
wou'd be true if there were sufficiently strong grounds for assuming that the 
processes of sewage treatment, as ordinarily practised, destroyed the specific microbes 
of disease, and if sewage effluents were discharged only into non-drinking water 
streams or into estuaries where there were no shell-fish layings. At present, the 
bacteriological evidence indicates that sewage effluents are safer than crude sewage 
only in degree. 


Practically, I think it will be admitted that, provided on public health grounds it is 
definitely desirable, there is no convincing argument against the sterilisation of sewage 
effluents, unless that of cost. 

It is a very difficult matter to arrive at any absolute conclusion as regards 
the cheapest method of sterilising sewage effluents. In the circumstances it may 
perhaps suffice if I can show of any one method that it is effective at a cost which is 
not economically impossible. 

In representing chloros (sodium hypochlorite) as one substance which can be used 
for this purpose, I am governed chiefly by the fact that I have had prolonged 
experience with it, and that it can be bought at a definite price, in a state ready for 





* Various other sterilising substances have been suggested or trie. For example, bromine, iodine 
permanganate of potassium, peroxide of hydrogen, etc. But I am not aware of any sewage installations 
which use these substances for sterilisation purposes. 
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immediate use. There are of course, other substances (¢.g., chloride of iime, oxychloride, 
Hermite fluid, Howatson’s liquids), which act in the same or a very similar way to 
chlcros, but I do not propose in this report to attempt to thrash out their respective 
merits. I may say, however, that some experiments carried out at Guildford with 
oxychloride yielded favourable results, and (allowing for the conditions of experiment 
not being in all respects comparable) the results were in agreement with those 
previously obtained by Dr. Rideal. 


As regards “chloros,” the United Alkali Company undertake to supply this 
substance in bulk at one shilling a yallon, containing at least 10 per cent. of available 
chlorine. For practical purposes it may be said that for one shilling a gallon a 
liquid may be obtained containing 10 per cent. of available chlorine. 


The results of the experiments (Series I to IIL Addendum) permit, I think, 
the following conclusions to be drawn :— 


1. The amount required to sterilise a sewage effluent obviously depends on the 
quality of the sewage effluent and the duration of contact. Questions of light and 
temperature should also be taken into consideration. 


2. Assuming ten hours contact and a non-putrescible sewage effluent yielding to 
the four hours permanganate and the albuminoid nitrogen tests less than one part and 
‘1 part per 100,000 parts, respectively, and containing less than three parts of 
suspended matter, it may be said that the proportion of chloros (containing 10 per cent. 


available chlorine) required for the destruction of B. coli (in 1 c.c. of effluent) varies 
from 


But between 1 to 50,000 and 1 to 25,000 


as would probably suffice. 


1 to 10,000 


The cost at 1s. a gallon would thus mean extreme prices of from 10s. to £5 per 
million gallons, but probably the cost would be from £1 to £2; nevertheless, I think 


that under specially favourable conditions the cost should not exceed £1 per million 
gallons. 


(3) If the duration of contact was shortened to one hour it is probable that the 
dose would have to be increased to about 1 in 10,000, entailing a cost of £5 per 
million gallons. 


1 to 100,000 


(4) If the duration of contact was only six minutes, the approximate dose required 
would probably be about 1 to 2,500, at a cost of £20 per million gallons. 

(5) As regards questions of practicability a working cost per million gallons of 
less than £1 is, I think, practicable; a cost of from £1 to £10 can hardly be 
entertained seriously unless it does not greatly exceed the former sum, or unless the 
conditions are so exceptional as to merit a large expenditure; and a cost of over £10 
appears to be, in any case, out of the question. 


(6) The sterilisation (as regards B. coli) of a well clarified, well oxidised, and 
otherwise well purified sewage effluent is thus not, an impracticable measure, 
assuming tank accommodation of at least one hour, but preferably ten hours. 


Careful experiments have been carried out with fish and the resuits lead me 
to conclude that no danger to fish life is to be apprehended, provided the dose of 
chloros is not greatly in excess of what is actually required for sterilisation purposes 


and the duration of contact is sufficiently long to exhaust most of the active part of 
the material.* 


In the addendum which follows a detailed account is given of the chief 
experiments carried out as regards the sterilisation of the Hendon Ducat Filter Effluent 
with chloros (sodium hypochlorite). My colleague, Mr. Kershaw, was associated 
with me in all the practical part of the investigation. 


I desire to acknowledge specially and gratefully the valuable help I have received 
from Dr. H. Chick and Miss Power and Miss Hartley throughout the investigation. 








*I have had sustained practical experience of the sterilisation of a considerable volume of sewage 
effiuent discharging inte a sluggish fishing river. A favourite spot for anglers has been at (and just below) 


the point of discharge of the sterilised effluent into the river, and the good catches of fish taken afford sufficient 
testimony of the harmlessness of the treatment. 
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ADDENDUM. 


Series .—Some preliminary laboratory experiments with Chloros (Sodium hypochlorite)", as regards tits 
sterilisiay action on a B. coli. infected water and on the efluent from the Ducat filter at Hendon. 


EXPERIMENT I.—JANUARY 23, 1902. 


(A) Sterile water, contained in a stoppered bottle, was inoculated ‘with B. coli. and a 1 cc. control 
culture mae. Chloros was next added in such proportion as to correspond to 1 part of chloros in 20,000 


parts of water. | 
(B) The procedure was the same but the proportion of chloros was as 1 to 100,000. - 
(C) The procedure was the same but the proportion of chloros was as 1 to 50,000. 
After 24 hours 1 c.c. cultures were made from (A B and C) bottles. 
The final result was that the control cultures (A, B, C) yielded B. coli. but the cultures (A, B, C), after 


24 hours contact with chloros, contained no B. coli. 


ExprErIMENT II.—JANuARY 25, 1902. 
The procedure was nearly the same as in Experiment L., but the duration of contact was 10 hours. 


(A) Sterile water contained in a stoppered bottle was inoculated with B. coli. and a 1 ¢.c. control 
culture made. Chloros was next added in such proportion as to correspond to 1 part of chloros in 100,000 
parts of water. 


(B) A definite amount of the Hendon Ducat effluent was placed in a stoppered bottle anda 1 c.c. 
control culture made. Chloros was next added in such proportions as to correspond to 1 part of chloros in 
100,000 parts of efiluent.._ 


After 10 hours 1 cc. cultures were made from (A and B) bottles. 


The final result was that the control cultures (A, B) yielded B. coli. but the cultures (A, B) after 10 
hours contact with chloros contained no B. coli. 


EXPERIMENT III.—JANUARY 28, 1902. 


To two stoppered bottles (A,B) containing Hendon Ducat effluentt chloros was added in the proportion of 1 
to 100,000 (A) and 1 to 50,000 (B). The duration of contact was 10 hours. After 10 hours 1 ¢. c. cultures were 
made from bottles A and B. The final result was that B. coli was isolated from A culture but not from B culture. 


EXPERIMENT IV.-—JANUARY 30, 1902. 


This experiment was carried out on the same lines as experiment III. excevt that an additional bottle (C) was 
used which contained 1 part of chloros to 25,009 parts of effluent. The final result was as follows:— 


Chloros : 


1 to 100,000 
1 to 50,000; B. coli killed in ten hours. 
1 to 25,000 


EXPERIMENT V.—FEBRUARY 4, 1902. 


The conditions of experiment were the same as those described under experiment LV., and the results obtained 
were the same.t 


EXPERIMENT VI.— FEBRUARY 7, 1902. 





Same remarks as experiment V. 


Experiment VII.—FEsruary 13, 1902. 
Same remarks as experiment V. 


EXPERIMENT VIII.—Frpruary 18, 1902. 
Same remarks as experiment V. 


EXPERIMENT [X.—FEBRUARY 25, 1902. * 


The conditions of experiment remained the same, but the result was somewhat different, inasmuch as B. coli 
~was not killed in bottle A. (1 to 100,000.) 


EXPERIMENT X.—Marcu 4, 1902. 
Same remarks as experiment V. 


EXPERIMENT XI.—Marca 11, 1902. 
Same remarks as experiment V. 


EXPERIMENT XIT.—Marcu 18, 1902. 


| 
Same remarks as experiment V. 


EXPERIMENT XIIJJ.—Marcu 25, 1902. 
Same remarks as experiment V. 











* Prepared by the United Alkali Company, Liverpool. This sample was old and contained only about one-third of the 
amount of available chlorine usually present in the fresh samples of chloros sent out by this firm. . Dr. H. Chick estimated 
the amount of available chlorine to be 4:547 per cent. 

+ It was ascertained by experiment that this efluent contained 10,000 B. coli per e. c. 

+ Of course, in each experiment a different sample of etttuent was used. 


f 
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‘ ExpPERIMENT XIV.—ApRIL 2, 1902. 
Same remarks as experiment V. 


These results may be tabulated as follow :— 





Result (1 c.c. of 











. Proportion of chloros in terms of Liquid experimented | Duration “hae 
Bx peumant. (a) chloros ; (6) available chlorine. with. of contact. a tere ag 
(a) (6) oe ous 

lL oa 1 to 20,000 1 to 440,000 | B. coli infected water | 24 hours B. coli killed. 
B 1 to 100,0C0 1 to 2,200,000 ” ” ” ” ” ” ” 
c 1 to 50,000 1 to 1,100,000 3 9 ” » 99 ” ” 
ety ek 1 to 100,000 1 to 2,200,000 | B. coli infected water | 10 hours %» ” 
B 1 to 100,000 a . Hendon Ducat Effluent! ,, ,, ” » 

PHAR ay 1 to 100,000 os m Hendon Ducat Effluent! 10 hours B. coli not killed. 

B 1 to 50,000 1 to 1,100,000 re a x tyes B. coli killed. 

IV. a -1 to 100,000 1 to 2,200,000 | Hendon Ducat Effluent| 10 hours B. coli killed. 
B 1 to 50,000 1 to 1,100,000 ” 9 9 ” ” » » 
Cc 1 to 25,000 1 to 550,000 9 ” > 3) ”? ” ” 

eA 1 to 100,000 1 to 2,200,000 | Hendon Ducat Effluent| 10 hours B. coli killed. 
B 1 to 50,000 1 to 1,100,000 9 ” 9 ” ” ” ” 
G 1 to 25,000 1 to 550,000 ” 9 ” ” ” ” ” 

VI. a 1 to 100,000 1 to 2,200,000 Hendon Ducat Effluent} 10 hours B. coli killed. 
B 1 to 50,000 1 to 1,100,000 9 39 ” 9 eb) ” ” 
C Leto 25,000 1 to 530,000 ” ” ” ” ” ” Ty 

VII. a 1 to 100,000 1 to 2,200,000 Hendon Ducat Effluent} 10 hours B. coli killed. 
1 to 50,000 } to 1,100,000 ” ” 9 » 99 ” ” 
Cc 1 to 25,000 1 to 550,000 ” ” ” cp ease ” ” 

VIII. a 1 to 100,000 1 to 2,200,000 | Hendon Ducat Effluent] 10 hours B. coli killed. 
B 1 to 50,000 1 to 1,100,000 9 9 ” m3) ” ” ” 
Cc 1 to 25,000 1 to 550,000 9 9 ” ” ” | ” » 

IX. a 1 to 100,000 1 to 2,200,000 Hendon Ducat Effluent} 10 hours B. coli not killed. 

1 to 50,000 I to 1,100,000 Fa 4 < fe oo: B. coli killed. 
Cc 1 to 25,000 1 to 550,000 “ 9 ” ” ” | ” ” 

a ea 1 to 100,000 1 to 2,200,000 | Hendon Ducat Effluent) 10 hours B. coli killed. 
1 to 50,000 1 to 1,100,000 : ” 9 ” ” ” ” » 
re 1 to 25,000 1 to 550,000 e 3 th Rie 2 - 

XI. a 1 to 100,000 1 to 2,200,000 | Hendon Ducat Kffluent| 10 hours B. coli killed. 
B 1 to 50,000 1 to 1,100,000 9 ” ” ” ” ” ” 
Cc 1 to 25,000 1 to 550,000 ” ” ” ” 2 ” ” 

XII. a 1 to 100,000 1 to 2,200,000 Hendon Ducat Effuent| 10 hours B. coli killed. 
B 1 to 50,000 1 to 1,100,000 ” ” ” ” ” » ” 
1 to 25,000 1 to 550,000 x ” ” ” ” ” 

XI. a 1 to 100,000 1 to 2,200,000 Hendon Ducat Effluent} 10 hours B. coli killed. 
B 1 to 50,000 Ey to 1,100,000 9 ” 9 ” ” ” ” 
Cc 1 to 25,000 1 to 550,000 ” ” ” ” EB) ” ” 

ive k 1 to 100,000 1 to 2,200,000 | Hendon Ducat Effluent| 10 hours B. coli killed. 
B , 1 to 50,000 1 to 1,100,000 9 99 ”  b) ” 9 ’”’ 
Cc 1 to 25,000 1 to 550,000 ” ” ” ” ” ” ” 


These experiments show conclusively that under /aboratory conditions of experiment chloros (containing 4°55 
available chlorine), even in the minute proportion of one part in 100,000 parts can kill B. coli in 1 c.c. of a satis- 
factory sewage effluent, provided the duration of contact is ten hours. 


Serves [1.— Experiments carried out at Hendon, on the Sterilising action of Chloros* on the Ducat filter effluent 

This series of experiments was carried out at Hendon with the Ducat Effluent. 

Large sey ade, bottles (A.B.) were partially filled with Effluent up to a mark on the bottles corresponding in 
volume to 10 litres. A known amount of chloros was next added, the bottles vigorously shaken, and, at the 
expiration of 6 minutes, 1 c.c. was withdrawn with a sterile pipette from each bottle and added on the spot to 


100 c.c. of sterile nutrient medium (primary culture) contained in a bottle. The primary cultures were conveyed to 
the laboratory, placed in the incubator at 37° C. and after 48 hours incubation, examined for B. coli. 








* The same sample of Chloros was used as in Series I, 
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EXPERIMENT I., Aprit 15, 1902. 


— ~ ——— 





Duration of Contact. Proportion of Chloros. Result. 





6 Minutes - : 4 : - | 1in 10,000. A. - - - - - | B. coli not killed. 
(1 in 220,000 Av. Cl.) * 


é - - - 3 = 9 ” ” : ” ” 
23 | 








: rae rears OR Bie 00s oy oO katte ee " 

i. “3 3 = - - - (1 in 110, 000 Ay. Cl. ) B: = = ue ” ” 

ie ‘3 iS 2 = = SP a in 2,500 Nee = = ” ” ? 
* 2 ~ - - - - a in BB 000) Av. Cl. ) B. ci = = ” ” 

re ~ +.) Segre? ODS. apie HATE OS Ree aes ae i 

9 


Soe, a ee - | (1 in 27,500 Av. CL) Bact ae 3 . 3 2 





* Av. Cl.=Available Chlorine. 


EXPERIMENT IIJ., Aprin 16, 1902. 











Duration of Contact. Proportion of Chloros. Result. 

6 Minutes 2°) 9-9"). 9 > eee oiniee e200 eee - - =| B. coli killed. 

* = = - - - - (li In 30, 770 Avy. Cl. ) ‘B. = = z ” ” 

. a pele wales eed rhe a OC Ee as tks Fave ie 

4 F - 2 3 : - | (1 in 26,370 Av. CL) ‘B. ; - - a 2 

ES = © - - - - 1 in 1 ;000 AES = - 5S ” ” 

- SS = - - - (1 in 29 000 Av. Cl. ) 'B. % 3 c ” ” 

é - + > RU eT an 800 2 “22. =| No record. 

2? ee my ete Cl. ) Borccsataye B. coli killed. 











Experiment III., April 17, 1902. 








Duration of Contact. Proportion of Chloros. - Result. 
6 Minutes - - - - - -|1in1,400 A. - - - - | B. coli killed. 
a ME ES et Sad hehe 30, 770 Av. Cl.) (Dione ae » 49 
rs = - - - - = 4h in 1 5200 A. - = - # ” 9 
I 26, 370 Av. Cl.) eee » 93 
- = i - - - = 1 in 1,000 A. = 3 = % ae ” ” 
: = = - - -|(1 in 22,000 Av. Cl.) ao i ‘ ” ” 
+ = - - - - lin 800. A. 5 ss = i 7 ” ” 
i i é - Re Int GOO ay Ch) cbr e nee Pings 











EXPERIMENT IV, Aprit 18th, 1902. 














< { 
Duration of Contact. | Proportion of Chloros. Result. 
$$ a a ee eee 


6 Minutes ©- «,1:-y- Ve See | Din S000 pA Dr -- +  -|B. coli killed. 
3 =. +) Be ey ee = (Wane 110 000 Ay, Cl) B. B. coli not killed. 
a! ee ge tad Di 2.500 (Oe i a a ee 
i = ae TS eS eR eb (1 anrG5,000 Ay. Chi Bs: B. coli not killed. 
s 2 te on Eons] ENA 250A 22> ee aie Sees enti e me 
- in oo eerste stetE t2TDOOLAW ECL) Bi B. coli killed. 
i oe Pa eee Ser ny E000 Aly Cl Ae ee ee Ee ence 
a4 - - - - = = (1 in 22,000 Av. Cl.) B. b ” ” 





EXPERIMENT V. APRIL 19TH, 1902. 











Duration of Contact. Proportion of Chloros. Result. 

6 Minutes - > saedd - - -|1in 5,000 A. - = - - | B. coli not killed. 

¥ ni Pau alge fl tha cone meal Gna, 0008 Ay. Gh) B Cbd sa 

a py = * = £ -|1 in 2,500, A. .- = Fe 2 ” » 

. - : . ‘. : - | (Lin 55 000 Av. Cl. )B B. coli killed. 

2 . . - P P on | hing] 250A abiaas - | B. coli not killed. 

s ~ - = - - = (1 in 27, 500 Av. Cl. ) B. ” ” 

: m prart_woytllnmpianiey cet Ll HEMOOg Ac Ba - = = | B, coli killed. 


3 s - | (1 in 22,000 Av. Cl. B. ” ” 
merece ce es se es A ATTIRE 
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EXPERIMENT VJ.—ApRIL 21, 1902. 





Duration of Contact. 


6 minutes = > = 


9 


” 
39 


” 
PP 


9 
3 





Proportion of Chloros. 


1 in 2,500 A. : E 4 
(1 in 55,000 Av. Cl) B. - - 


tin 1,250 A. - : - 
(1 in 27, 500 Av. Cl) B. “ 2 J 


1in 1,000 A. - ; s 
(1 in 22,000 Av. Cl) B. - - 


1 in 800 A. - % 2 
(1 in 17,600 Av. Cl) B.- - 








Result. 





B. coli killed. 
B. coli not killed. 


B. coli killed. 





These results may be summarised as follows :— 


1 to 10,000 
1 to 5,000 
1 to 2,500 
1 to 1,400 
1 to 1,250 
1 to 1,200 
1 to 1,000 
1 to 800 


- In both of the experiments B. coli not killed. 


- - In 5 out of 6 instances B. coli not killed. 


- = In 5 out of 8 instances B. coli not killed. 


- - Tn all the four experiments B. coli killed. 


- . In 5 out of 8 instances B, coli not killed. 


- In all the four experiments B. coli killed. 


- - In all the ten experiments B. coli killed. 


- - In all the five experiments B. coli killed. 


The experiments seemed to indicate that from about 1 to 1,000, to 1 to 1,250 of Chloros would be required to 
kill B. Coli in an effluent within six minutes. 


EXPERIMENT J. A.—May 21, 1902. 


This 2 sees differed a little from the preceding, inasmuch as after the 6 minutes cultures had been made a 


portion of t 


were tested at the expiration of 60 minutes. 


liquid contained in the big 10 litre bottles was poured into smaller bottles, and these smaller bottles 





Proportion of Chloros. 


1] in 5,000 ° 
{1 in 110,000 Av. Cl. ) 


pt 2,500 - - = 
{1 in 55,000 Av. Cl) 


1 in 1,250 - - = 
{1 in 27, 500 Av. Cl) 


1 in 625 = 
(1 in 13, 750 Av. Feb. 


6 Minutes. 





B. coli not killed” - : A 


B. coli killed - az Z .. 








EXPERIMENT IJ. A.—May 22, 1902. 


Same as experiment I. A., but no 60 minute cultures were made. 


60 Minutes. 


. coli killed 








1 in 5,000 - - 
(1 in 110,000 Ay. Cl) 


al in 2,500 > - 
(i in BB, 000 Ay. Cl) - 


1 in 1,250 - - - 
(1 in 27,500 Av. Cl) 


1 in 625 = 
(1 in 13,750 Ay. Cl,) 


B. coli killed in 6 minutes. 


B. coli not killed in 6 minutes. 





6225. App. IV. 
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EXPERIMENT I. B.—JUNE 30, 1902. 


The conditions of the experiment were the same as in experiment I. A., except that Sulphuric Acid was first 
added to the effluent in amount sufficient both to neutralise the alkalinity of the effluent and in each instance to 


combine with the chloros. 
edeenelestee heer Shien TEE RS Pe ee 


Proportion of Chloros. 6 Minutes. 60 Minutes. 











1in 10,000 - ._ .  -| B, eoli not killed 


: - | B. coli killed 
(1 in 220,000 Av. Cl.) ‘ 


1 in 5,000 <- e 
(1 in 110,000 Av. Cl.) 


1 in 2,500 - = = - ? 7 rY) ” os = 4 x ” ” 
(1 in 55,000 Av. Cl.) 


Lin 2850 Se se ee ee One Ee tier] 
(1 in 27,500 Av. Cl.) 2 ” ae 


ib eR GYA a= = 2 a : ; : é ‘ 
(1 in 13,750 Av. Cl.) - s 2 ” % 











Experiment II. B. Juty 1, 1902. 
In this experiment double the neutralising quantity of acid was added. | 7'he combining amount was hept the 








same. 
Proportion of Chloros. 6 Minutes. 60 Minutes. 
1 in 10,000 = teas ee - -| B.colinotkilled - - -  ~-| B.colikilled. 
(1 in 220,090 Av. Cl.) 
1 in 5,000°- =" - 4. =a ee Be EEE = 
(1 in 110,000 Av. Cl.) i ‘ oe 
110 2,500 9 = ie - <=} B. coli kitlediv= 9 C- Saito Asin 
(1 in 55,000 Av. Cl.) . 
lin 1,250 - : ‘ = a ” ” m - a z 3 9 ” 


(1 in 27,500 Av. Cl.) 





EXPERIMENT III. B. Jury 2, 1902. 
Conditions same as Experiment II. B. 








Proportion of Chloros. 6 Minutes. 60 Minutes. 
1 in 10,000 - - - - | B. coli not killed - - -  -1| B. coli killed. 


(1 in 220,000 Av.Cl  ~ 


1in 5,000 - yi. ob 1B, coli ified <2 ae Soe Ore oe) ee 


(1 in 110,000 Av. Cl.) 


1 in 2,500 - - - 
(1 in 55,000 Av. Cl.) 


1 in 625 - - - 

(1 in 13,750 Av. Cl.) 

a ee ee ee 
EXPERIMENT IV. B. Jury 10, 1902. 


Conditions same as Experiment II. B. 
a eee 











Proportion of Chloros. 6 Minutes. 60 Minutes. 
1 in 40,000 =") ag el aines - -|B.ecolinot killed - - -  ~-| B.coli not killed. 
(1 in 880,000 Ay. Cl.) - 
1 in 20,000 - ae - - a a - - - - | B. coli killed. 


(1 in 440,000 Av. Cl. 


1 in 10,000 i, eee 
(1 in 220,000 Av. Cl.) 


1 in 5,000 = = 2 = e et ec coli killed - = be mi md ” ” 
1 in 110,000 Av. Cl. 


1 it 2.8002 Sol oe eee Beh ore as 
(1 in 55,000 Av. Ok ” ” ” ” 
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EXPERIMENT VY. B.—JuLy 11, 1902. 
Conditions same as Experiment II. B. 














Proportion of Chloros, 6 minutes. 60 minutes. 
1 in 40,000.- - - - - | B. coli not killed - - - - | B. coli killed. 
(1 in 880,000 Av. Cl. W 
A in 20, 000 - = = of T ” ” i i a e ” ” 
(1 in 440, 000 Av. Cl. i 
1 in 10,000 - - - = - - % fn - - - - 5 * 
(1 in 220,000 Av. Cl.) . 
1in2,500 -— - -  -  -|B.colikilled - - - -. - M ie 
(1 in 55,000 Av. Coa : 





EXPERIMENT VI. B.—JutLy 14, 1902. 


Conditions same as Experiment IT. B. 





Proportion of Chloros. 6 minutes. 60 minutes. 





1 in 40,000 - - = = 2 - | B.coli not killed 
(1 in 880,000 Av. Cl.) 


1 in 20,000 - - - - - - i es - - - - | B. coli killed. 
(1 in 440,000 Av. Cl.) 


1in10,000- - Mer Sd: vag, at 
a in 220,000 Av. Cl) 


1 in 5,000 - - - - - | B.colikilled . + a z - 
(1 in 110, 000 Av. Cl. ) 


1 in 2,500 
(1 in 55,000 Av. Cl) 


td 


. coli not killed. 








EXPERIMENT VII. B.—Jvuty 15, 1902. 


Conditions same as in Experiment II. B. 


Proportion of Chloros, 6 minutes. 60 minutes, 


1 in 40,000 - - - - - - | B. coli not killed : = “ - | B. coli killed. 
(1 in 880, 000 Av. CL. ) 


1 in 20, 000 - _ 7 . ” ” = 3 3 5 - ” 9 
(1 in 440,000 Av. cL \ 


1in 10,000 - - - - - ~ z 2 e 
(1 in 220,000 Av. Cl. ip 


uk in 5,000 - - - - = = = = a - 
(1 in 110,000 Ay. Cl.) a ¢ a 


1in 2,500 -~ - - - - | B. coli killed 7 
(1 in 55,000 Av. Cl.) 





Experiment I.—C,—Juty 16, 1902. 


In this experiment a comparison was made between the sterilising action of chloros without acid and chloros. 
with acid. The acid (H2So,) was added in the proportion of 1 to 10,000. This amount it was considered was 
sufficient to overcome the alkalinity of the effluent and as well as to ‘combine with the chloros. The duration 
of contact in each case was one hour. 





Proportion of Chloros. Chloros + Acid. Chloros + 0. 





1 in 40,000 - - - : - | B. coli not killed - - - - | B. coli not killed. 
(1 in 880,000 Av. Cl.) 


Gum t e  ] Rea es LON B. coli killed. 
(1 in 440,000 Av. Cl.) 


1 in 10,000 - - - - - - | B. coli killed - - = - 
(1 in 220,000 Av. Cl.) 


Ta a ts | soy os) nen Sh) see oS 
(1 in 110,000 Av. Cl.) 


1 in 2,500 - - - = = ts 2 = a = 
(1 in 55,000 Av. Cl) 





In this experiment, at all events, the addition of the acid seemed to possess no advantage. 
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Experment ID. C0. Jury 17, 1902. 


Conditions the same as in Experiment I. C., except that double the amount of acid was employed, and the 
duration of contact was only 6 minutes. 








Proportion of Chloros. Chloros + Acid. Chloros + O. 











lin 40,000 -. - - - . = =) Bocolinot killed -y -55 = 9) 4) Bicolimiotialcd: 
(1 in 880,000 Av. Cl.) 





1 in 20,000 - = 2 > 3 = ” ” % ; ” 4” 
(1 in 440,000 Av. Cl.) 


1in 10,000 - = - a x Ziel 2 Bones ” 7 iF ; 4 ” ” 
(1 in 220,000 Av. Cl.) 


1 in 5,000 e = a = = ” ” 7 i S ” ” 
(1 in 110,000 Av. Cl.) 


1 in 2,500 = = zd z 5 cS ” ” % ¥ = - | B. coli killed. 
(1 in 55,000 Av. Cl.) 











Experiment III. C. July 18, 1902. 


Conditions the same as in Experiment IT. C. 


hhh kwh ahaS—S—S——— 














Proportion of Chloros. Chloros + Acid. Chloros + O. 
1 in 10,000 - - : - - - | B. coli not killed - 2 - - | B. coli not killed. 
(1 in 220,050 Av. Cl.) . 
lin 5,000 a ce = Fs 3 . ” ” + a 7 z ” ” 
(1 in 110,000 Av. Cl.) 
1 in 2,500 - - : - - - | B. coli killed - - - - - | B. coli killed. 


(1 in 55,000 Av. Cl.) 





1 in.1.950... 2 LU reser’ 
(1 in 27,500 Av. CL) Pape eer co: ie 


1 in 625 - - 2 - = . sy 45 - - - - ~ S) Pe 


(1 in 13,750 Av. Cl.) 





At this stage it appeared certain that the addition of acid in the amounts set forth in the foregoing experiments 
exercised no material influence in increasing the germicidal action of chloros. This being true it is permissible to 
summarise al] the experiments in this series (II.) namely :— ' 

Experiments I. to VI. 
3 »- Ed torlla, 
*  aipito VLE. 


cs » _ Lc. to IIIc. 


6 Minutes Contact. ; 
1 to 40,000 - - - - 5. coli not killed - - - - in all 6 instances 


1 to 20,000 - i Ys ” ” 7 a - ™ 0 Ga ” 

1' te 10,000 % S020hds 10 Beis: ss LOTS BOER BRE oe 

1 to 5,000 - - - - BS is - - - - in 14 out of 18 instances. 
f 1 to 2,100 - . - - B. coli killed - - - ei ha, ee ‘ 

1to 1,400 - - - - ob a - - - - in all 4 instances. 

1to 1,250 - - - - as & - - - - in 8 out of 14 ,, 

1 to .1.200 ° - - - - [ me = ee - - in all 4 instances. 

1 to 1,000 - - sa baige mi i - - - - in all 10 ns 

1 to 800 - = * 5 ” ”? = ss iy i in all 5 ’ 

1to 625. - . - - x rs - - - - in all 6 - 

Practically speaking it may be said that 1 to 1,000 was always efficient and 1 to 2,500 killed B. coli more often — 


than not. : 
60 Minutes Contact. 


1 to 40,000. - =.) Ma - B. coli not killed - - 4 “ in 4 out of 6 instances 

1 to 20,000 - - - - B. coli killed - - = - in 5 out of 6 5 “a 
1 to 10,000 - - aoe : oes = : - - in all-9 instances. 

1 to 5,000 - Ps ay ale ee a pedis - a, ear - in all 9 x 

1 t0, 25005 ee af vote) ck Ae oe iy, 9) aie 

1t0::1,250%— = eee - Pe ee rer esi i ¢ 

tO 0625. a sea ae eee i in etd ena hay een © 


It appears that 1 to 10,000 was always efficient and 1 to 20,000 satisfactory in the majors of cases. In 
these experiments, therefore, about ten times less chloros was required for the destruction of B. coli in an effluent 
when the duration of contact was 60 instead of 6 minutes. inl 


f 
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Series I1].—Hxperiments carried out at Hendon on the sterilising action of chloros* when the Ducat filter: 
effluent mixed with chloros was aliowed to flow continuously through a tank of 100 gallons capacity. 


EXPERIMENT I.—JANUARY 20, 1902. 
Preliminary Experiments as regards the germicidal action of chloros with the Ducat filter effluent at Hendon. 
_ In this experiment the 100 gallon tank (see plan) was used. Mr. Kershaw was good enough to design 
this tank and its connections and generally was associated with me in all the practical part of the investigations: 
The flow of the Ducat filter effluent into the tank was at the rate of 2 pints per 9 seconds or 100 gallons per hour. 
As regards the germicidal solution (8 ounces of chloros in 40 pints of water ; that is 1 to 100) the rate of flow 
was 2 gallons per hour. ; 
Thus the effluent was treated with chloros in the proportion of 1 part of chloros to 5,000 parts of effluent, the 
duration of contact being one hour. 
After the experiment had been in progress for considerably over 1 hour, the effluent escaping from the outlet 
tube of the 100 gallon tank was tested with potassium iodide and starch. It gave a strong blue colour. ; 
Cultivations were then made on the spot in suitable media and the precaution was of course taken of using so 
large a bulk of medium (100 c.c.) relative to the effluent (1c.c.) as to prevent the possibility of error arising from in- 
hibition of growth owing to the presence in the effluent of minute traces of the germicide. The cultures were con- 
veyed at once to the laboratory and incubated at 37° C. After two days’ incubation secondary plate cultures were. 
made from the primary broth cultures. 
The result was that B. coli was found to have been killed in 1 c.c. of the effluent which had been exposed for: 
one hour to the action of chloros (1 to 5,000) 


EXPERIMENT II.—JANUARY 24, 1902. 


In this experiment th: procedure was the same except that the germicidal solution contained only 4 ozs. of” 
chloros in 40 pints of water. The rate of flow remaining the same it follows that the effluent was exposed for one 
hour to chloros in the proportion of 1 part of chloros to 10,000 parts of effluent. After the experiment had been, in 
progress over one hour the effluent escaping from the outlet tube of the 100 gallon tank was tested with potassium 
iodide and starch... It gave a distinct blue colour. 

On this occasion the effluent before and after treatment with the germicide was examined quantitatively 
for B coli: the necessary dilutions and primary cultures being made on the spot. ; 

The final result was that whereas the effluent before treatment contained 100,000 B. coli per c.¢., after treat-- 
ment with chloros (1 to 10,000 ; 1 hour’s contact) no B. coli could be found in 1/10 ¢.¢. 


EXPERIMENT IJJ.—FEBRuaARyY 4, 1902. 

In this experiment the rates of flow and strength of germicidal solution were altered as follows :— 

The rate of flow of the effluent into the big tank was adjusted to 2 pints in 90 seconds, or 10 gallons per hour. 
As the capacity of the tank was 100 gallons, a microbe entering the tank might be thought of as taking about 10 
hours to escape. 

The strength of the germicidal solution was 8 oz. of a one per cent. solution of chloros in 800 oz. of water (that. 
is ‘01 per ce:.t.), and the rate of flow was adjusted to 2 oz. in 74 minutes, or 1/10 gallon per bour. 

This works out at 1 part of chloros to 1 million parts of effluent: duration of contact ten hours. 

After the experiment had been running for one day primary cultures were made on the spot both of the efftuent 
before and of the effluent after treatment. 

The result was that B. coli was not killed, nor were the number of B. coli diminished by the treatment. 


ExpErimMent IV., Marcu 5, 1902. 

In this experiment the rates of flow both as regards the effluent and germicidal solution were the same 
as in Experiment III., but the strength of germicidal solution was altered to 4 ozs. of 10 per cent. chloros -in 
23 gallons of water. 

This works out at 1 part of chloros to 100,000 parts of effluent : duration of contact, 10 hours. 

Here, again, the result: was unsatisfactory, as the number of B. coli were not reduced by the treatment: 


EXPERIMENT V., Marcu 11, 1902. 
This was a repetition of Experiment IV. except that the strength of the germicidal solution was increased to 
8 oz. of 10 per cent. chloros in 24 gallons, 
This works out at 1 part of chloros to 50,000 parts of effluent : duration of contact, 10 hours. 
Again the result was disappointing as B. coli was neither killed nor diminished in number by the treatment. 
At this stage of the experiments a small settling tank was used to get rid of the suspended solids antecedent to 
the sterilisation process, 
EXPERIMENT VI., Marcu 18, 1902. 
This was a repetition of the last experiment (Experiment V.), except that the strength of the germicidal 
solution was increased to 16 oz. of 10 per cent. chloros in 24 gallons of water. 
This works out at 1 part of chloros to 25,000 parts of effluent : duration of contact, 10 hours, 
The experiment was started on a Tuesday and ran continuously until Saturday afternoon. 
i On Friday and Saturday mornings 1 c.c. of the effluent after treatment was added on the spot to the primary 
cultures. 
The result was satisfactory, inasmuch as B. coli was killed in each instance. 


EXPERIMENT VII. 


This experiment was started on April 1st 1902 at Hendon with such a strength of chloros and such rates of flow 
of germicidal solution and effluent that the proportion of chloros to effluent was as 1 to 100,000, the duration of 
contact being as before, 10 hours. 

The next day (April 2) cultures were made from the treated effluent, but the result turned out to be unsatisfac- 
tory as B. coli was not killed by the treatment. 

On this same day (April 2) the strength of chloros was altered so as to correspond to 1 part of chloros to 50,000 
parts of effluent (10 hours contact). 

The next day (April 3) five 1 ¢.c. primary cultures of the treated effluent were made on the spot, at intervals of 
half an hour, into suitable media, transferred to the laboratory, incubated, and subsequently examined for B. coli. 
The result turned out to be satisfactory inasmuch as none of the five cultures contained B. coli. 

On the same day (April 3) the strength of chloros was still further increased so as to correspond to 1 part of 
chloros to 25,000 parts of effluent (10 hours contact). 

The next day (April 4) three 1 ¢.c. primary cultures of the effluent after treatment were again made on the spot 
into suitable media and transferred to the laboratory and subsequently examined for B. coli. In each imstance 
B. coli was found to have been destroyed by the treatment. 

This experiment was very. satisfactory, as it showed that chloros, evenin the proportion of only 1 part of chlores 
to 50,000 parts of effluent may destroy B. coli provided the duration of contact is 10 hours. 





* In the earlier experiments the same sample of chloros was used as in Series I, Later a sample was obtained whieh 
Dr. H, Chick found to contain 8°74°/, available chlorine. 
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ExpertmMeEnNtT VIII. 

On April 14, 1902 the Hendon experiment was re-started. At first the rates of flow and strength of chloros 
were so arranged that the proportion of chloros to effluent was as 1 to 100,000. As before the duration of contact 
was 10 hours 

The next day (April 15) 1 ¢.c. primary cultures of the treated effluent were made on the spot at 11.15 a.m. and — 
at 1.15 p.m. Similar cultures were made on the morning and afternoon of the following day (April 16). The final 
result was that from all of the cultures B. coli was isolated. On April 16 the strength of chloros was increased to | 
1 part of chloros to 50,000 parts of effluent. _ 

On April 17, 18, 19, 20, and 21, 1 ¢.c. primary cultures of the treated effluent were made on the spot. The 
result was that out of a total of 10 such cultures two yielded a positive result and eight a negative result as regards 
B. coli. 

Briefly, the experiment showed that chloros in the proportion of 1 to 100,000 was inefficient, but when the pro- 
portion was increased to 1 to 50,000 B. coli was destroyed in a majority of the samples examined. It will be under- 
stood that the duration of contact was ten hours, and that from April 14 to April 21 the treatment was continuous. 


EXPERIMENT IX. 
On May 21, 1902, the Hendon Experiment was re-started. The rates of flow and strength of chloros were so 
arranged that the proportion of chloros to effluent was 1 to 25,000. As before the duration of contact was 10 hours. 
1 c.c. cultures of the treated, effluent were made on the spot on the following dates :— 





1902. 
May 22 
ees 
Pe 
» 26 
» 2 
» 28 
» 29 
1 0 The results were very satisfactory as B. coli could not in any instance be isolated from 1 ¢.c. of the 
AA 3 | effluent after treatment with chloros (1 to 25,000, duration of contact 10 hours). 
June 2 
ee 
” 4 
eae 
3» eG 
%) 7 
9 } Here the result was positive but it was ascertained that some hours previous to collection of sample 
4 the flow of germicidal solution had ceased owing to the tube having become blocked up. 
oO 
2) 
ig ily! 
{aL The results were again negative in each instance. 
Preree es Ie 
baked ee ST 
BNET, \ Here the results were positive; B. coli being isolated in each instance from 1 e.c. of the 
Baye culture. 
” 19 
ae) 20 } The results were again negative as regards B. coli. 
» 2l 
2 a \ The results were positive as regards B. coli. 


It will be understood that in Experiment IX. the experiment was continuous from May 22 to June 24. 

During the period 29 1 ¢.c. cultures of the treated effluent were made on the spot at intervals of 24 hours 
or longer. : 

The result was that in five instances only was B. coli found to have survived the treatment. . 

On May 21, a sample of the effluent before treatment was submitted to examination. It contained 10,000 not 
109,000 B. coli per c.c. Assuming this to be about the average number during the course of the experiment, it may 
be said that in 24 out of 29 instances B. coli was reduced from 10,000 per c.c. to none in 1 ¢.c. as a result of the 
treatment. 

EXPERIMENT X. 
On June 30th, 1902, the Hendon experiment was re-started with the same rates of flow, but the strength of 


chloros was altered so as to correspond to 1 part of chloros to 50,000 parts of effluent. , 
lc.c. cultures of the treated effluent were made on the spot on the following dates :— 





1902. \ 
July 1 
” 2 
3” 3 
» 4 | The results were unsatisfactory as B. coli was isolated from each of the 8 cultures. 
» . 9 
9) ri 
” 8 
9)! 
, 10 In this instance B. coli was not recoverable. 
eowenl Bi 


» 12 \ Here again the results were unsatisfactory as B. coli was isolated from each of the 4 cultures. Possibly 7 
7 lt the great heat prevailing at that period had something to do with the results. 

» 1 ' 

Immediately after the collection of the sample on July 15th, the proportion of chloros was altered so as to 
correspond to 1 part of chloros to 25,000 parts of effluent. 


July 16 
ue 
» 18 
” a The results were once more satisfactory, B. coli being killed in each instance, 
» 28 ; 
» 23 
Sod 
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EXPERIMENT XI. 


On August 5th, 1902, the Hendon experiment was re-started under the same conditions as in the latter part of 
the experiment X. (chloros 1 : 25,000) ; duration in contact 10 hours. 


1 c.c. cultures of the effluent after treatment were made on the spot on the following dates. 


1902. 
August 6.—Positive result. 
Ra 7.—Negative ,,. The results were unsatisfactory as in 7 out of the 9 samples, B. coli was isolated from 
a 8.—Positive ,, 1 c.c. of the effluent. Possibly the results were due to the gradual accumulation 
a 5S § Ee aes 2 of suspended matter in the big tank and to the difficulty experienced in keeping 
a ag ~ A the flow of the effluent and of germicidal solution uniform. 
PP] . 


ies ” 
»  14.—Negative _,, ; 
» ° 15.—Positive ,, 
” 16. 2 ” 

EXPERIMENT XII. 


On November 5th, 1902, the Hendon Experiment was re-started, but a new lot of chloros (8°74 % available 
chlorine) was employed. Further, the big tank was divided into compartments so as to allow of cultures being made 
after six and sixty minutes’ exposure to the germicidal solution as well as after ten hours’ centact. The rates of flow 
ae pienel of germicidal solution were so arranged as to correspond to one part of chloros to 25,000 parts of 
effluent. 


_ Onee.c. cultures were’made on the spot from the small (six minutes’ contact), medium (60 minutes’ contact), and 
big tank (ten hours’ contact) on the following dates with the following results :— 


Duration of Contact. 








1902. 6 Minutes. 60 Minutes. 600 Minutes (10 Hours). 
November 7 - - - | B. coli present - - - | B. coli present - - - | B. coli present. 

gp tse Rial 73 Sue Pee anata 3 » ~ = =| Negative result. 
KO! eer= , 3 : - - - ax ee - - - + “5 
Li s- - 3 sa - - ~ $5 “ny - - - * Ha 
TQ - - - As - - - .. ; - - - 5 . 
13 = = = “ = = = “f op = - = » ” 
14 - = = oa 2s - - - + 7 = - - ” se 
Le - eee ss e 2 - “ MB . = = - | Coli present. 

18 - - - ¥ F) - - se Me : - - | Negative result. 
oe . - he * <ij/Ne - = iF - - - | Coli present. 
20 les > = “5 a - - - fe oe “ » 





At this stage a break occurred in part of the apparatus. The experiment was re-started November 25th. 


November 26 - - - | B. coli present - - - | B. coli present - - - | Negative result. 3 
Hh = : at ” ” = = = | ” ” oe Ss ce ” ” 
28 7 4 re ” 9° S a %, | ” ” ¥ a r ” ” 
December 1 = 2 So ” ” 7 . - ” ” s = les! ” ” 
2 a = mn ” ” % 7 a ” ” my stl ” ” 











3 - cg aul ” $9 . nv v4, ” ” > = er ” ” 
On Dee. 4th, frost interfered with the progress of the experiment. 


On Dec. 15th, experiment was restarted and the amount of chloros was increased to 1 part of chloros to- 
12,500 parts of effluent. 


December 16 - - - | B. coli present - -| Negative result - - | Negative result. 
Strength of chloros raised to 1 part of chloros to 6,250 parts of effluent. 


December 17 ps - | B. coli present - - | Negative result . - | Negative result. 
Strength of chloros raised to 1 part of chloros to 3,125 parts of effluent. 


December18 - -  -| Negative result - -| Negative result -  -|{ Negative result. 


Experiment stopped and restarted on Dec. 29, the strength of chloros being 1 part of chloros to 3,125 parts 
of effluent. 


December 30 - - - | Negative result - - | Negative result - - | Negative result. 
Strength of chloros reduced to 1 part of chloros to 6,250 parts of effluent. 


December 31 - - -| B.colipresent- - -| B.coli present- - -| Negative result. 
Experiment stopped on account of frost. 
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The results of this experiment seemed to show that chloros (1 to 25,000) usually killed B. coli if the duration of 
contact was 10 hours, but 1 hour’s exposure proved insufficient. When the proportion of chloros was raised to 1 to 
12.500 B. coli was killed in one hour in one instance, but in one out of two cases when the proportion was as high 
as 1 to 6,250 B. coli survived exposure for 1 hour to the disinfectant. To kill B. coli with 6 minutes contact about 
1 to 3,125 of chloros was seemingly necessary. BOS : has . 

The experiment shows very clearly the enormous Importance of prolonged contact of the germicidal solution 
with the effluent if sterilisation is to be effective when using a small amount of the disinfectant. 


Cutoros (4°547 available chlorine). 
































Experiment. | Available Chlorine | Strength of Chloros. | Duration of Contact. Result. 
‘L lin 110,000 1 to 5,000 60 minutes. B. coli killed. 
II. lin 220,000 1 to 10,000 = x, 5 
chee 1 in 22,000,000 1 to 1,000,000 10 hours B. coli not killed. 
IV. lin 2,200,000 1 £6 J 00,000.00 acai: + of 
V. lin 1,100,000 1to 50,000 avg i e 
Vit lin — 550,000. 1 to 25,000 =|. aA ORe B. coli killed (two samples). 
VIL. Lin 2,200,000 1 to * 100,000 |. 4 B. coli not killed. 
lin 1,100,000 1 to 50,000. |: . ot B. coli killed (five samples). 
* Lin 550,000 1to ~— 25,000 fut, B. coli killed (three samples). 
VIII lin 2,200,000 1 to 100,000 fe B, coli not killed (four samples). 
_ 1in_ 1,100,000 . 1 to 50,000 , ‘ B, coli killed in eight out of 10 
is Chere ee Parest samples... 
Le lin. 286,000 L160 225,000 10 hours’ B. coh killed in 24 out of 29 
samples, 
X. lin . 572,000>~ 1 to 50,000 bet B. coli not killed in 12 out of 
re - , 13 samples. 
lin ., 286,000 1.to.-- +: 25,000 » . 2» +{| B. coli killed (8 samples). 
XI. lin 286,000 . 1 to 25,000 - * B. coli not killed (seven out of 
= nine samples). 
XII. 1 to 286,000 1 to. .. 25,000 6minutes. __.| 17 samples B. coli not killed. 
GO “d ‘| 17 samples B. coli not killed. 
10 hours 13 out of 17 samples B. coli 
killed. 3 
1 to 143,000 I to” 732,500 6 minutes B. coli not killed. 
60 f B. coli killed. — 
10 hours * fe 
1 4078 7.000 1 to 6,250 6 minutes B. coli not killed (two samples). 
60 * B. coli killed (one out of two 
samples). 
10 hours B. coli killed (two samples). 
I 0 © 85.700 1 to 3,125 6 minutes a - Pr A 
, 60 ” ” 2” ” ” 
10 hours. 5 3 x - 





In considering these results it is to be noted that the experiments were carried out under practical conditions, 
and although the volume of effluent dealt with was not very great, it was quite sufficient to allow of useful conclu- 
sions being drawn. 





6 Minutes Contact. 


A short exposure of an effluent to the action of a germicidal solution like chloros is to be avoided if practically 
possible. Firstly because a relatively large proportion of germicide is required, and secondly because the chlorine is 
not used up in the process, and if discharged into a stream fish may be destroyed and vegetable growth inhibited. 

Judging by the results set forth in experiment XII, 1 part of chloros (8°74% availabie chlorine) to 3,125 parts 
of effluent would be required to destroy B. coli. 


60 Minutes Contact. 


An exposure of 60 minutes would be considered by many a happy mean between 6 minutes which is 
undeniably too short a time and 10 hours which is possibly too long a time to be practicable in many cases. In _ 
experiment II, 1 to 10,000 of chloros (4°547% available chlorine) proved efficient. In experiment XII, 1 to 12,500 
of chloros (8°74% available chlorine) was effective in one instance but in a later trial 1 to 6,250 failed to kill B 
coli in one out the two samples tested for this purpose. 


10 Hours Contact. 


This is the duration of contact which if practically possible is to be recommended. The advantages are that 
the proportion of chloros required is very small and there is no waste of material, the finally treated effluent being, 
free from even traces of chlorine. neon 

As the quality of the effluent, the amount of suspended matter present, and the temperature, varied from time 
to time, it is not surprising to find that the results were not always uniform. 

One part of chloros to 1,000,000 parts of effluent may be dismissed as far too small an amount.of the germicide 
to effect the destruction of B. coli. » hi 

The results would also seem to indicate that 1 part of chloros to 100,000 parts of effluent is too small an 
amount of the disinfectant. Nevertheless, under ideal conditions even this small proportion is not entirely out 
of the question as an effective agent. It must be remembered that the United Alkali Company claim to place 
chloros on the market at a very low price (about 1s. a gallon), containing over 10 per cent. available chlorine ; 
and although the samples used in these experiments fell below this standard this was doubtless due to their 
having lost strength by keeping.* Again the Hendon Ducat effluent, although a very good one chemically, might 
by adequate sedimentation, or by filtration throuzh very fine material, be brought into a condition still more 
amenable to sterilisation treatment. : 

One part of chloros to 50,000 parts of effluent would seem from the experiments to be by no means an 
impossible ideal. 

One part of chloros to 25,000 parts of effluent in the majority of instances proved effective. It is probable 
that with a really good sewage effluent, almost free from suspended matter, this proportion of chloros 


(containing 10 per cent. available chlorine) would be not only amply sufficient to kill B. coli but would provide 
a satisfactory margin of safety. 





* Samples subsequently obtained have always contained over 10% available chlorine. 
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I.—INTRODUCTION. 


A serious outbreak of enteric fever occurred at Lincoln in 1905, accounting for 
over 1,000 cases and involving over 120 deaths out of.a population of under 52,000 
persons. 


In view of its bearing on the sterilization of sewage and effluents, the Commission 
allowed us to undertake this work at Lincoln. 


The epidemic was investigated by Dr. R. J. Reece, one of the Medical Inspectors 
of the Local Government Board, and his exhaustive report (App. A, No. 8., pp. 
81-145, Report of the Medical Officer, Local Government Board, 1905-6) merits the 
most careful attention. 


Before dealing with Dr. Reece’s report, it is important to quote from the 
introductory report of Mr. W. H. Power (now Sir William Power), then Medical 
Officer to the Local Government Board ; in the first place, in relation to the particular 
case of Lincoln, and secondly as regards water-borne epidemics generally. 


Report of the Medical Officer, Local Government Board, 1905-6, p. xvi. 


“ Tincoln.—The corporation purchased in 1871 the works of a company in whose hands the 
water supply of the city had rested since 1848. At the date of purchase these works comprised 
the Hartsholme Lake at Skillingthorpe, filter beds and pumping station at Boultham, and a service 
reservoir at Westgate. By the Act of 1871, which enabled the company to sell their works to the 
Corporation of Lincoln, the latter body were given power, in view of the increasing demands of the 
town, to take water, in addition to that impounded at Hartsholme, from the pike drain and from 
the catch-water drain near to their junction with the River Witham, within the confines of the 
city. Andas time went on and demand for water increased, the authority supplemented their 


supplies by impounding water in certain ballast pits at Boultham, while at the same time extending 
considerably their filtration areas. ; 


‘“ At no time seemingly since purchase of the waterworks, has the water supply of Lincoln been 
deemed wholly satisfactory ; and as long ago as 1885 the Medical Officer of Health, Dr. Harrison, 
while commenting in a special report on its inadequacy, raised serious question as to the uniform 
wholesomeness of the water delivered in the town. It was in reference to this report by Dr. 
Harrison that the Board expressed the view ‘that the town council will incur grave responsibility | 
if disease should hereafter spread in the city through preventable pollution of the water supply. 


“Tn 1886, Dr. Airy, one of the Board’s Medical Inspectors, having inspected Lincoln in the 
course of the ‘Cholera Survey’ of thit year, left with the corporation a memorandum of recom- 
mendations, the first of which referred to ‘the unsafe character of part of the public water 
supply, and the need of inquiry concerning other sources of supply.’ In 1894, Dr. Wheaton, another 
of the Board’s Medical Inspectors, met the corporation in conference, and urged that body to 


‘endeavour to obtain a supply of water from a source which is above suspicion for their district, in 
place of their present supply. 


“But it was not until 1898 that the Corporation of Lincoln finally came to the determination to 
improve the water supply of their city ; a decision which took effect in 1901, when a contract was 
eatered into with Messrs. Chapman & Sons, of Salford, with the object of obtaining satisfactory 
vater on the site of the existing works, by means of a deep boring into the underlying strata there. 
The operations in question were, however, unhappily delayed by jamming, with loss of the boring 
tool, and by measures consequent on this accident. 


‘Meanwhile the epidemic of enteric fever which is referred by Dr. Reece to the public water 
supply seized on the city and its neighbourhood. In the course of some six to seven months 


there occurred in Lincoln about 1,000 cases of the malady, an attack rate of about 19 per 1,000 and 
some 120 deaths.” 


Page XVIII.—* In their Third Report (1905) the Royal Commission on Sewage Disposal, in 
drawing attention to the fact that water supplies are liable to other and serious pollutions besides 
those which can be dealt with under the Rivers Pollution Prevention Act, go on to express the 


opinion that in this matter the supervision of some superior authority is desirable in the interests of 
public health, 


‘“‘ And the Commissioners recommend the establishment of a Central Water Authority exercising 
general superintendence over the whole country in regard to prevention of pollution of water. 


‘* So far time has not been found by the legislature for considering and dealing with the questions 
thus raised by the Royal Commission. It is much to be desired, as will appear from the above 
histories of particular public water supplies, that time should be so found—and with as little delay 
as practicable. The outbreaks of enteric fever upon which I have commented suffice to indicate 
that in the past too little attention has been paid to possible sources of dangerous pollution, present 
and prospective, in the case of schemes of water supply submitted to the judgment of Parliament. 
So far as the Board are concerned it is the practice, when application is made to them for sanction 
to a loan for water supply, to hold local inquiry by one of their Inspectors, for the purpose of 
ensuring that the question whether the source of such supply is liable to contamination shall obtain 
careful consideration. Similarly it is the Board’s practice, when application is made to Parliament, 
whether by local authority or by private company, for powers of water supply, to furnish to 
Parliament such information as the Board may find to be in their possession on the subject of 
liability of each particular water source to pollution. But, unhappily, in many instances the Board 
are not in posses-ion of information adequate for determining whether or not a given source of 

fr 
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water supply is open to risk in the above sense ; and accordingly, in view of the fever outbreaks 
above referred to, it becomes a question whether, antecedent to sanction by Parliament of powers 
of water supply sought by any company or local authority, inspection of the sources of such projected 
supply should not be undertaken by some responsible Government officer, whose duty it should be 


so to make report that the facts ascertained by him and his inferences thereon may be available to 
the Committee considering the Bill.” 


Reverting to Dr. Reece’s report, we propose in the first place to outline his 
views as regards the cause of the epidemic. 


Page 96 of Dr. Reece's Report. 


Causation of the Fever.—“ In endeavouring to account for the origin and spread of the fever 
which, in epidemic form, invaded the City of Lincoln, the Bracebridge Urban District, and New 
Boultham, in the circumstances that have been described, no agency can be regarded as affording a 
satisfactory explanation unless it be common to the three invaded areas, and of a sort capable. of 
disseminating the malady in a fashion not inconsistent with the facts observed. 


“Regarded from this point of view, unwholesome conditions of individual dwellings and the‘r 
surroundings may be dismissed from consideration, as not conceivably serving to account for more 
than a fractional portion of the epidemic. So also with particular methods of excremental disposal, 
regarding which, however, there is, it may be noted, material difference in the three areas involved. 


«There remains for consideration, among the agencies commonly regarded as apt to be asso- 
ciated, in causative fashion, with prevalence of enteric fever, milk, sewerage and drainage, and water 
supply. 

“‘ Milk.—In this instance, the investigations made with a view to ascertaining whether milk 
had been the vehicle of t:ansmission of the fever lent no support to such a thesis. It was found 
that the first 48 cases of the disease derived their milk supply from no fewer than 32 different 
sources ; and, throughout the whole course of the epidemic, the facts ascertained in relation with 


this question failed to suggest that milk played a part as a distributor of the infection, whether in 
Lincoln, Bracebridge, or New Boultham.” 


Sewerage and Drainage. — 5 “The several facts and 
considerations set forth, while not inconsistent with sewerage conditions having played some part 
in the propagation of enteric fever in the invaded areas, do not support the view that in them is to 
be found the source of the epidemic, and that to them may be referred the greater or even a large 
share of the fever witnessed ; and, indeed, the very manner of inception of the outbreak would 
seem to negative such an hypothesis. For its acceptance it is necessary to postulate practically 
simultaneous contamination of widely remote points of an extensive system of sewers with in'ective 
material, as to the origin and manner of conveyance of which it is not possible to form any reason- 
able conception.’ 


“¢ Water Supply.—On the other hand, the behaviour of the outbreak is consistent with a theory of 
water-borne infection. The occurrence of a few cases of enteric fever, widely distributed, and 
followed at no long interval by sharp and sudden increase of attacks, rapidly culminating in an 
outburst of explosive intensity, are features that have been frequently noted in association with 
epidemic prevalence of this disease when caused by specific pollution of a public water supply. As 
may be seen on reference to Table V. (p. 89), and to the map and charts that accompany this report, 
it was in this fashion that the fever manifested itself in this instance. Thus, following upon a case 
notified on the 2nd December and another notified on the 22nd December, there occurred in the 
course of four weeks 23 additional cases scattered widely over Lincoln; then, in the course of a single” 
week, that ending January 28th, ensued great and sudden increase of the fever, no less than 124 
cases being notified ; while, in the week ending the 4th February, which formed the culminating 
point of the epidemic, the number of cases notified attained to 265. 


‘Review of the foregoing facts and consideration may reasonably be held to justify inference 
that the fever which affected the City of Lincoln, the Bracebridge Urban District, and New Boultham, 
owed its origin to specific pollution of the public water supply shared in common by these places ; 
and that this supply was the medium whereby the infection was transmitted in the large majority 
of the cases during the epidemic which ensued.” 


Dr. Reece draws particular attention to the fact that (as in the Maidstone 
Epidemic of 1897) the cases of enteric fever persisted “after an implicated water had 
ceased to be considered operative”, and in this connection he supplies a footnote which 
specially merits quotation (p. 100) :— 


- . it deserves to be borne in mind thatin all extensive outbreaks of enteric 


fever there is s ground ‘for suspicion that a not inconsiderable number of cases escape notification, 
as in the case of persons suffering from mild attack and experiencing only a feeling of malaise. 
Such person, going altogether untreated, and possessing as he does the power of communicating the 
disease in its severer forms to healthy people, is in a sense more dangerous to his fellows than the 
subject of a severe attack, which being recognised brings about isolation of the patient along with 
measures for limiting the dissemination of virus multiplied within his body. Such mild cases of 
enteric fever, accompanied with but minor symptoms of illness, would, during the enteric fever 
epidemic in Lincoln, have been peculiarly liable to have been overlooked, owing to the heeraence 


of influenza in that city.” 

Before leaving this part of the subject, we desire to call renewed attention to the 
grave danger to the community both of unrecognised and recognised cases of enteric 
fever, which, in by no means a negligible proportion of instances, may contain for a long 
time in their urine and feces myriads of virulent typhoid bacilli. 
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In this connection we would specially refer to :— 


The Goulstonian Lectures on “The Typhoid Bacillus and Typhoid Fever,” by Dr. 
P. Horton-Smith (see Zhe Lancet, March 24th, 31st and April 14th, 1900). 


“Typhoid Carriers,” by Drs. A. and J. C. G. Ledingham (British Medical Journal, 
January 4th, 1908, p. 15). 


p) 


“ Dissemination of Enteric Fever due to a ‘Typhoid Carrier’” (Lancet, January 


25th, 1908, p. 246). 


Report to Home Secretary by Dr. R. W. Branthwaite, H.M. Inspector under the 
Inebriates Act, concerning outbreak of enteric fever at Brentry Inebriate Reformatory 
(Issued as a Parliamentary Paper (Cd. 3938.). 


‘A “Typhoid Carrier’ of Twenty-nine Years Standing,” by Dr. George Dean 
(British Medical Journal, March 7th, 1908).* . 


In the present state of knowledge it is not too much to say that every case of 
enteric fever should be regarded as potentially the possible creator of a fresh epidemic, 
and as an unconscious agent in keeping alive the virus of a preventable disease. 


In dealing with the rise and progress of the epidemic, Dr. Reece (Report, p. 89) 
shows that in the City of Lincolnf alone (population 48,784 in 1901), 1,006t ‘cases of 
enteric fever were notified between 27th November, 1904, and 6th May, 1905. 


During the first eight weeks (November 27th, 1904, to January 21st, 1905) the 
total number of notified cases was only 25. 


During the next four weeks (January 22nd, 1905, to February 18th, 1905) the 
number actually rose to 647. | 


323 cases were notified during the succeeding nine weeks (February 19th, 1905, to 
April 22nd, 1905). 


The last two weeks (April 23rd, 1905, to May 6th, 1905) furnished only 11 fresh 
notifications. 


The epidemic may thus be said to have smouldered for eight weeks, flamed into 
violent activity for four weeks, persisted for another nine weeks, and then burnt 
itself out. 


Dr. Reece further (p. 90) gives for Lincoln and district, during the above period, 
the number of attacks by and deaths from enteric fever, together with the attack 
rates and death rates, as follows :— 


Kstimated population — - - - me ite 
Number of attacks - - - - - 1,058 
Number of deaths - - - - - 125 
Attack rate per 1,000 - - - - - 19°5 
Death rate per 1,000 © - - - : - 2°31 


Dr. Reece also gives an instructive table (Table VIIL., p. 91) which shows :— 


- . : : ; 5 that at all ages, and for each age group, males suffered a 
greater incidence of attack than did females, and that the fatal incidence on males was likewise 
greater than on females, except in the age group 25-35 years. 


____ It appears also that there was special incidence of attack on children and young adults, those 
in the age group 10-15 years being the greatest sufferers. The death‘rate, however, was highest 
among persons between the ages of 15-35 years.” 








te writing our report, a number of other important papers bearing on this subject have been 
published. 


t For the sake of simplicity, the 27 and 31 cases notified in the Bracebridge Rural District (population 
1,752 in 1901), and Branston Raral District (population 12,906 in 1901), are omitted. 


{ Exclusive of two cases, each of which was reported at a later date and after death. 


f 
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Lastly, Dy. Reece’s table of case mortality in the various age groups (Table IX., 
p. 92), showing “that with increasing age the liability to a fatal termination to the 
illness became increasingly great,” is of great interest :— 











A Number of persons Number of Number of Deaths 

eee lad attacked. Deaths. per cent. of attack. 
Under 5 years efi 3 ai meee 2 2°38 
5-10 - . - - . - 154 5 3°25 

10-15 - - - - - - 161 13 807 . 

eee = Aine. 281 32 11-36 
SS re 169 26 15°38 
35-15 - : - : . - 91 17 18°68 
45 and upwards” - - : - 68 . — 24 35:29 
Total - - - 1,008 119 11°81 














A final quotation (p. 101) from Dr. Reece’s able report may be given :— 


“ Before closing this Report, I welcome the opportunity of expressing my appreciation of, and 
my thanks for, the unvarying courtesy and assistance which I experienced from the members of the 
corporation of Lincoln, their officers, and from many private persons. Nor can I omit a reference 
to the excellence of the work done in Lincoln during the epidemic. Whatever may have been the 
sins of commission or omission of their predecessors, the corporation, ably supported by their 
officers and by the citizens, in the hour of trial did their duty and dealt with the varying circum-. 
stances of the epidemic in a resolute, prompt, and efficient manner.” 


We desire to add to this a few words from our own particular point of view. At 
a moment’s notice, without any real precedent to guide us, and under conditions the. 
reverse of favourable, we were called upon to face responsibilities of no ordinary kind. 
Our position would have: been quite untenable without the loyal support. of the 
Corporation and its officials. | 


Four Appendices and three Addenda accompany Dr. Reece’s report, namely :— 


App. 1. Lincoln water supply (pp. 102-119). 
App. 2. Sewerage and drainage (pp. 112-123). 


App. 3. Administrative measures in view of the fever epidemic (pp. 123-127), 


App. 4. (1.) Work of sanitary improvement carried out by the Corporation of Lincoln since Dr, 
Wheaton’s visit in 1894; (2.) Work of sanitary nature still requiring to be done 


(p. 128). 
Add. I. Report by Clinical Research Association on Lincoln water (pp. 129-133). 
Add. II. Report by Dr. Klein on the bacteriological examination of Lincoln water (pp. 134-138). 
Add, III. Reports by Drs. Houston and McGowan to the Lincoln Corpcration on the Lincoln water 
(pp. 138-145). 


Sterilisation of the Water. 


Our sterilisation treatment of the Lincoln water began on February 11th, 1905, 

but before describing the nature of this treatment it is necessary to give a short 
account of the water works and of the sources of supply at that date. Since then 
they have both undergone considerable modification. : 


II.—Lincotn WATER SUPPLY.* 
Sources of Supply. 


There were at the time five sources of supply, viz:— 


(1) The River Witham. 

(2) The Pike Drain. 

(3) The Catchwater Drain. 

(4) Hartsholme Lake (20 million gallons capacity). 
(5) Ballast Pits (25 million gallons capacity). 


The ballast pit water undergoes a natural filtration process through gravel and 
sand, and may, we think, be regarded as a reasonably safe source of supply. 





* The accompanying rough sketch is obviously not drawn to scale, but its very simplicity may help 
the reader. 
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Hartsholme Lake was liable to some degree of pollution from the Prial brook 
and other sources. This water contains a great deal of vegetable organic matter. — 
Assuming subsequent careful sand filtration, however, the source of supply is free 
from serious objection. This water was not in use at the time of the epidemic. 


s Wes/gale Service 
Reservoir. 





Crosscliffe 


Reservoir. 


The Pike and Catchwater drains discharged into the River Witham above and 
below the ‘‘river intake” and sometimes the flow of water in these drains was reversed, 
so that what was normally drain water became actually river water. 


The River Witham and the Pike and Catchwater drains are all undoubtedly 
polluted waters, but the degree of their impurity has in our opinion been, perhaps 
not unnaturally, exaggerated. 


With regard to the nature of the data from whose study one may arrive at a 
reliable opinion as to whether or not a given water is polluted, it is possible to hold | 
decided views as to the extreme importance: of topographical observations and yet 
to maintain a strong preference for an opinion based on the results of chemical and 
bacteriological analyses, interpreted in the light of local conditions. Holding this 
view, we think it unfortunate that indefinite and often mischievous expressions of 
opinion should have branded the water of the River Witham with the stigma of gross 
impurity. To speak of such a river as “an open sewer ” verges on the ridiculous, in 
view of the fact that—judged by the B. coli test—it was usually at least 100,000 times 
less impure than sewage. * 


The results of our chemical and bacteriological analyses of the sources of supply 
are given in Tables I and II. It is well, however, to repeat here that the Hartsholme 
water was not in use during the period of the epidemic. 


The following table briefly summarises the B. Coli results :— 





TABLE I. 


RESULTS, AS REGARDS THE FLAGinac B. Cott Test, OF THE BACTRRIOLOGICAL EXAMINATION OF SAMPLES 
OF Raw (UNFILTERED) WATER, DRAWN BETWEEN FEBRUARY, 1905, AND JULY, 1906. 





























Bei +100 +10 +1 +1 +01 +001 
Description of Aho —10 -1 —'1 — "01 — 001 —~0001 
Samples. of Water c.c. of CG OL c.c. of c.c. ‘of c.c. of c.c. of 
“| Water. Water. Water. Water. Water. Water. 
Ballast Pit Water, 17 |15 Samples} 1 Sample | 1 Sample 
Samples. 88°2 %. bo %. ro 
Hartsholme Water, 13 | 2 Samples) 1 Sample | 9 Samples | 1 Sample 
Samples. 15°4 9%; 171 OE 69-2.%,. v7 OG 





fe 
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TABLE I.—continued. 

















Soak +100" +10 =e} a +01 +-001 
Description of Shae 0 a4 aS Shy: j= -001 ~-0001 
Samples. AE Water c.c. of c.c. of c.c. of c.c. of Gt; of c.c. of 
"| Water. Water. Water. Water. | Water. Water. 
Pike Drain Water, 12 | 1 Sample 7 Samples | 4 Samples | 
Samples. | BBS %. 58°3 %. 3373. 9% | 





7 Samples {13 Samples | 9 Samples | 1 Sample | 1 Sample 


River Witham Water, 
| 226%. | 419% | 290%. | 3:2% | 32%. 


31 Samples. 





| 











Catchwater Drain 1 Sample | 7 Samples | 3 Samples 
Water, 11 Samples. <p oe 63°6 %. 27-2 %. 








Bactertological Conclusions. 


It will be noted that the ballast pit water contained, in the great majority of 
samples, no typical B. coli, even in 100 ¢.c. of water. 


The Hartsholme supply, viewed in the light of a water subsequently to be filtered, 
appears to us a water to which no serious objection could be taken, on bacteriological 
grounds. | 


The Pike Drain, Catthwater Drain, and River Witham all yielded relatively 
unsatisfactory results, especially the two former waters. 


| Nevertheless, when it is borne in mind that sewage contains about 100,000 B. coli 

per c.c., and that 64°5 per cent. of the samples of Witham water examined contained 
no B. coli in a similar quantity of water, it is obvious that the main source of the 
Lincoln water supply was far less impure, as judged by our tests, than was generally 
supposed to be the case. Some sense of proportion in these matters is desirable, 
because, although the use of even slightly polluted water for waterworks purposes is 
to be deprecated, we know of cases in which much worse water (as judged by ana- 
lytical facts) is being used without apparent evil result. We think it would be fairer 
to attribute the Lincoln epidemic to the sudden accidental introduction of some 
specific pollution, of unknown origin, into some part of the system of water supply, 
rather than to the grossly and uniformly impure character of the raw sources of supply. 
Presumably, the beginning of 1905 was not the only period during which floods and 
frost and too rapid filtration occurred simultaneously. That the city escaped in the past 
and was stricken in 1905 is, we think, probably due to the accidental entrance into some 
part of the system of water supply in 1905 of some specofic* pollution, previously absent. 


We are not in a position to suggest the source of the mischief, or the point at 
which it gained entrance to the water. The speczfic pollution may have been in the 
raw water, in the water in the filter beds, in the sand of the filter beds, in the under- 
drains of the filter beds, in the filter wells, or in the filtered water tank. Attention 
may, however, be directed to one circumstance. There was a urinal on the works, and 
the drain from it ran between filter beds 3 and 4 on the one side and 6 and 6 on the 
other, although at a lower level than the bottom of the beds. After the epidemic, 
when the works were being reconstructed, it was found that the drain was faulty, 
and it was-considered that there was a possibility of the water from the faulty drain 
having mingled with the water in the bottom of filter bed No. 5. A trench ways 
opened between filter beds 3 and 6 and 4 and 5, for the purpose of laying new 18” 
clear water and 15” waste water mains, and it cut across the old urinal drain. Three: 
samples of water were drawn from this trench in March, April and May, 1906, of 
which the detailed analyses are given in Appendix C. II. They contained considerable 
quantities of ammoniacal and albuminoid nitrogen, while the figures for “oxygen 
absorbed ” from permanganate were also high. 








* It is perhaps desirable to define the word specific. Broadly, the excreta of healthy persons, who have 
never contracted water-borne disease, would be classed as objectionable, but probably non-specific sources of 
pollution. On the other hand, the excreta of persons suffering from water-borne disease (or who, as the result 
of past attacks, were “typhoid-carriers ”) would be considered highly dangerous and specific sources ot 
pollution. 
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TaBLeE II. 
Witham Water. No. 8. No. 9. | Hartsholme Water. | Ballast Pit Wa 
ee ee atch: Pike . 
water Drain. | ——~-—_-. [|L 

No. 10. , No. 18. | No. 34. | Drain. | Drawn a| No. 7. | No. 16. | No. 43. 

Drawn |From left} Drawn | Drawn at; little | Drawn at Drawn 

about | bank, 100} between | wellin | above | entrance at Ballast 
mid-way | yards | Pike and| water- | grid at to Pit. 
between | above Catch- works. Pike culvert. 

Pike and | entrance | water (This. drain 
catch- | of Pike | drains. | sample | leading to 
water drain. contains | works. 

drains. some 
Witham 
and 
Hart- 
sholme 
waters.) 

February | March February | February | February | March | October 
25th, | 23rd, |July18th,) 25th, | 25th, 24th, 15th, 25th, 
1905. 1905. 1905. 1905. 1905. 1905. 1905. 1905. 

| | 
# 
0-001 0-003 0-001 0-004 0-001 0-001 0-002 
0-019 0021 0:020 0-016 0:035 0-035 0-014. 
| 0-0 0-0 40-0 0:0 0:0 0-0 0-0 

| 0°433 0°300 0 300 © 0°152 0:055 0-072 0-040 
0-158 0-231 0-476 0-194 0-123 0:284 0298 0:053 

| | 

| 414 | 3:50 3°70 S12 gn sae 2°50 2°30 
49-0 | 59-0 256 166 18:4 12°6 

| Rather | Very No notes Slightly | Brownish, Yellowish | ‘Turbid 

_ cloudy, | slightly j|were made yellowish, | with con- and and of a | brownish 
with a opalescent,| when this | with con- | siderable | slightly brown | and not 

good deal with an | sample | siderable  reddish- | turbid, tinge, jvery clear, 

of floccu- | appre- [was drawn, suspended | brown | with con- | with con- with a 

| lent | ciable but the | matter. | deposit. | siderable | siderable| con- 

| brown amountof}| river was| Earthy | Shght | deposit. suspended | siderable 

suspended suspended} probably | musty earthy | Earthy | matter. jamount of 

| matter. | matter. | normal. smell. smell. smell. | Scareely | very fine 

/Nosmell.) Very Alkaline. Alkaline. | Alkaline. any smell.) brownish 

Strongly | slight | Faintly (solids. A 

| alkaline smell (not alkaline. | distinct 

on boiling. offensive). smell on 
Alkaline. warming 

| (7 lime), 

| Alkaline. 
| | 
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able we give the figures of chemical analysis of a few samples of 
t Pits were of much later date than the 























The foregoing figures show that, chemically speaking, the Ballast Pit water was 


of very fair quality. . The samples from the river Witham and the Catchwater and. 


Pike drains, judged as raw waters, did not contain large quantities of organic matter 
(if we except the sample of Witham water, No. 34, drawn in July, 1905). 

_ The water from Hartsholme Lake contains normally a very considerable amount 
ot organic matter, but this is evidently almost entirely of vegetable origin. 
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Description of the Works (February, 1905).* 

Hartsholme lake is situated about 12 miles from the waterworks, and the water 
flows by gravity down a closed culvert to the works, and passes on to the filter beds 
without reauiring to be pumped. 

The Ballast Pits are distant about 1 mile from the works, and the water flows by 
gravity down a culvert which connects with the Hartsholme culvert. 


The Pike Drain and Catchwater Drain “intakes” are situated about 20 and 200 
yards from the river, respectively, Although these drains discharge into the river 
Witham, it frequently happens that the river “backs up” to a point above both the 
intakes, so that virtually on these occasions the drain water ceases to exist as a source 
of water supply. As a matter of fact, although there is no “ Witham intake” proper, 
a large proportion of the City’s supply is derived from the Witham, via the Pike and 
Catchwater “ intakes.” 

The raw water from the ‘‘ drain intakes ” flows by gravity into wells, from which 
it is pumped into a “raw water tank” which commands all the filters. 


For various reasons it was found difficult to obtain accurate information as 
regards the volume of water entering the waterworks from the. various sources of 
supply ; we have therefore avoided giving definite figures with regard to this. 

The filters are six in number, having an aggregate filtering area of 4,396 square yards. 


The filtered water gravitates into a very small “ pure water tank” and from thence: 
it is pumped into two large rising mains (12 inches and 18 inches in diameter), which 
terminate in two uncovered service reservoirs :—Westgate (capacity, 777,000 gallons) 
and Crosscliffe (capacity, 1,650,000 gallons). The City is supplied directly from these 
two rising mains and also to some extent from a separate outflow main from Westgate 
service reservoir. During the day, as the consumption of water exceeds the amount 
being pumped from the works, the service reservoirs become partially emptied. During 
the night the reverse holds good and the surplus water accumulates in the service 
reservoirs. 

The rate of filtration is governed by the number of turns given to the outlet valves 
from the filters. 

Taking the average daily supply at about 1,800,000 gallons and the average size of 
the filters at 733 square yards, then the average rate of filtration would be 819, 614, 
491, or 409 gallons per square yard per day, according to whether 3, 4,5 or 6 filters 
were in use. 

Description of the Sterilisation Treatment. 

By February 9th, 1905, we were both in Lincoln, studying the local conditions, 
and two days later the treatment was commenced. ‘The difficulties to be contended 
with were of a very serious kind, and would have been insurmountable had it not. 
been for the willing help we received on all hands. 


In the first place, we had to avoid sending into supply any water which could be 
regarded as injurious to health. 


Secondly, as the raw water passed direct on to the filters, the much easier task of 
“treating ” the water in storage reservoirs, antecedent to filtration, was impossible. 


Thirdly, it was impossible to locate the mischief, and accordingly we had to 
proceed as if all the filters and the two service reservoirs were specifically infected, and 
as if the raw water constantly contained the typhoid bacillus. 


Fourthly, the service reservoirs were of small capacity. 


Lastly, there was no real precedent + to guide us, and we were called upon 
without warning, to act in a case involving the well-being of over 50,000 persons. 


If, therefore, any of the measures which were adopted seem drastic, it is well to 
remember that during the three weeks preceding the first day of treatment (February 
ilth, 1905), 544 cases of typhoid fever had been notified out of a population of under 
52,000 persons. 


* Since November, 1905, the works have been reconstructed under the direction of the present engineer, 
Mr. Neil McKechnie Barron, C E. The above description, therefore, refers to the time preceding and im- 
mediatety following the epidemic. 

7 The circumstances pertaining to the Maidstone Epidemic in 1897 were so widely different from those 
associated with the Lincoln Epidemic, that Professor Woodhead’s able work at Maidstone did not lessen the 
responsibility of our own position. 
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A daily diary of treatment is given in Appendix A. 


a eens et : = “ ] 
The sterilising agent used was “Chloros” (an alkaline solution of sodium hypo- 


chlorite), supplied by the United Alkali Company, Liverpool. This liquid contains 
hypochlorite equivalent to over ten per cent. of “available chlorme” and is a 
powerful oxidising and germicidal agent. _The circumstance of its being a: liquid, 
miscible with water in any proportion, is of course a great advantage. We had 
previously found it to be very effective in the sterilisation of sewage effluents. 


In the circumstances of the case it appeared necessary to continuously sterilise the 
yaw water; to dose, once and for all, each filter bed in turn with the germicide; to 
bring the accumulated sand on the works into a safe condition ; to inquire inte the 
position and condition of urinals, ete., on the works; to advocate scavenging and 
patrolling operations in the neighbourhood of the “intakes” ; and to treat the water 
in the service reservoirs. | 

The treatment may therefore be divided into :— 


A.—Treatment at the Waterworks. 
(a) Treatment of the raw water. 
(b) Sectional treatment of the filter beds. 
(c) Treatment of the accumulated sand on the works. 
(d) Treatment of urinals, privies, etc., on the works. 
(ec) Scavenging and patrolling operations in the neighbourhood of the 
“intakes,” ete. 


B.—Treatment of the water in the Service Reservoirs. 
A.—TREATMENT AT THE WORKS. 
(a) Treatment of the Raw Water. 

It wili be remembered that the Hartsholme water was not in consumption at the 
time of the epidemic, and not much Ballast Pit Water (a relatively pure water) was 
being used either. In the circumstances it was felt that it was unnecessary to treat 
this part of the supply (the Ballast Pit Water), which reaches the Works by gravitation 
and is not pumped up into the “raw water tank” previously alluded to. , | 

The treatment was therefore confined to the Pike Drain, Catchwater Drain and 
‘Witham sources of supply. | 


Staging was run up beside the “raw water tank” and the chloros (suitably - 
diluted) was arranged in a series of syphon-connected jars on a platform commanding | 


the tank. The object of having a number of these jars was to ensure a large reserve 
of chloros being always on hand and a fairly constant “ head.” 


The last of the jars was provided with an earthenware tap, and the flow therefrom 


was so adjusted that it delivered into the tank the correct dose of the germicide, — 


relative to the volume of water being pumped on to the filter beds. It will be seen 
from the diary that the initial dose was 1 of chloros in 10,000 of water, and throughout 
the long history of the treatment it may be said to have fluctuated between 1 in 10,000 
and 1 in 1,000,000, but usually it was 1 in 100,000. The following isa rough sketch of 


the apparatus used, which though obviously diagrammatic and out of proportion, 


may nevertheless be more useful than a finished drawing. 
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After thorough mixing in the “ raw water tank,” the chloros-treated water flowed 
on to the filter beds. In principle, this treatment was, of course, wrong, as it inter- 
fered with or prevented the formation on the top of the sand in the filters of the 
“living blanket’ which is considered essential to water purification. But in the 
absence of storage reservoirs we had no choice, and, in effect, we relied on the chloros 
killing the objectionable bacteria during the period that the water (several feet in 
depth) was detained on the top of a filter bed. The mud deposit on the top of the 
filter beds contained a certain amount of some compound of, or admixture with, 
hypochlorite, * and conceivably the surviving bacteria in passing through this deposit 
suffered further destruction. An interesting feature of the experiments was that, 
although the undesirable bacteria were largely destroyed, the total number of microbes 
in the filtrate was greatly increased. This, we think, was due to the multiplication 
of “water bacteria” in the deeper layers of the filters and in the under-drains. But 
the results of the treatment, chemical and bacteriological, had best be dealt with at 
a later stage. 


(b) Sectional Treatment of the Filter Beds. 


At a very early stage of the treatment we found that no blue colouration could 
be obtained by the addition of potassium iodide and starch to the water after filtration, 
although the water on the top of the sand on the filters gave a strong positive result. 
As we had no means of knowing whether the interior of the filters and the under- 
drains were free from infection, it was decided to treat each filter in turn with a strong 
dose of chloros until a distinct blue reaction was obtained in the filtrate, then to shut 
the outlet valve for several hours, and thereafter to allow the water to pass into supply 
very slowly. This special treatment, which entailed considerable anxiety, was com- 
menced on February 18th and completed on February 21st. It is described in the 
daily diary of treatment. 


(c) Treatment of the accumulated sand on the works. 


We thought it desirable, as an extra precaution, to treat all the heaps of sand op 
the works with dilute chloros (see daily diary of treatment). 


(d) Treatment of urinals, privies, etc., on the works. 


Here again we considered it advisable to use chloros pretty freely, and we also 
added it to the water in the Bracebridge ditch adjoining the works. 


(e) Scavenging and patrolling operations in the neighbourhood of the “ intakes,” ete. 


Although this may seem at first sight to have no connection with the sterilisation 
treatment, it was obvious to us that the greater the care taken to guard against 
“nuisance” along the banks of the Pike and Catchwater drains and the River 
Witham, the sooner should we be in a position to consider the possibility of reducing 
the dose of chloros at the works. We saw, in the neighbourhood of the works, quite 
enough to lead us to impress on those in authority the necessity for paying strict 
attention to this matter. 


B.—TREATMENT OF THE WATER IN THE SERVICE RESERVOIRS. 


The first treatment of the water in Crosscliffe service reservoir was on February 
11th, 1905, and the treatment was continued at intervals of a few days. 


The water in Westgate service reservoir was first treated on February 12th, and 
thereafter on the dates set forth in the daily diary of treatment. 


The method of treatment was very simple. Carboys of chloros were placed in a 
boat and the liquid was allowed to siphon very slowly over the edge of the boat into 
the water. By means of a long rope the boat was dragged to and fro and round about 
the reservoir, so as to distribute the disinfectant as uniformly as was practicable under 
the circumstances. 


* Thus, on several occasions the “skin” above the surface sand, the surface sand itself, and the sand 
at different depths below the surface (¢.g., 9 and 18 inches) were tested quantitatively for hypochlorite by acidify- 
ing with dilute sulphuric acid, adding potassic iodide and starch, an | titrating with thiosulphate. In every case 
the surface sand, in virtue of its adhering mud, was found to contain more hypochlorite (?) than the sand lower 
down in the bed. Probably, at the actual time of drawing the samples, there was still more hypochlorite in 
the skin than in the surface sand, but as a day usually intervened between the drawing and the testing, the 
greater amount of organic matter in the skin no doubt reduced much of the hypochlorite originally held up 
in it (cf. Appendix C. VII). 
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The treated water was “held up” in the reservoir for as long a time as was. 
possible and, practically speaking, no water was ever allowed to go into supply which 
gave a blue coloration with potassium iodide and starch. 


We desire very specially and gratefully to acknowledge our indebtedness to Mr. 
Denison B. Byles, B.Sc., F.I.C., who took charge of the treatment at Lincoln for us. 
from March Ist to July 31st, 1905. He rendered us the most valuable assistance and 
succeeded, often under trying circumstances, in overcoming obstacles in connection 
with the sterilisation treatment which were of a serious kind. We wish also to. 
express our great gratitude to our assistants, Mr. R. B. Floris, F.I.C., Mr. E. H. 
Richards, B.Sc., Mr. A. C. Carter, F.I.C., Miss Power, and Miss Hartley, for their 
able help during the sterilisation treatment. 


(1).—EFFECT OF THE TREATMENT. 
(a) Main Tap Samples. 


In the boiler-house at the works there is a tap supplied with water from the. 
rising main; this tap was used for drawing samples representative of the water 
passing to the consumers. In judging the effect of the sterilisation treatment, we 
placed chief reliance on the B. coli test, because a dose of a germicidal agent sufficient 
to destroy B. coli is more than sufficient to destroy the typhoid bacillus. 


B. coli (flagimac) test.—The first five samples, collected on February 12th, 13th, 
14th, 15th and 17th, 1905, all contained flaginac B. coli. The next two samples. 
(March 4th and 9th) yielded negative results, but a sample collected on the 10th gave: 
positive results. Then followed twelve consecutive samples (March 13th to 26th) 
containing no typical B. coli in 100.¢c. A sample collected on March 27th contained. 
typical B. coli in 100 c.c. Again there was a run of eleven negative results (March 
28th to April 11th), next a sample containing flaginac B. coli in 10 c.c., followed by a 
succession of 18 samples (April 13th to May 8th) containing no flaginac B. coli in 100: 
c.c. ‘Two positive results occurred on the 9th and 23rd of May, but excepting these, 
21 samples yielded negative results between May 10th and June 6th. Between June 
15th and August 29th, 22 samples were collected and the results were less satisfactory, 
as 8 samples yielded positive results. Then there was another satisfactory period 
(August 30th to November 6th), during which 21 samples were collected, only one of 
which contained flaginac B. coli in 100 ¢.c. of water. , 


Between November 8th and December 12th the results were far from satisfactory, 
practically all the samples containing flaginac B. coli in 100, 10, 1 or ‘1 c.c. of water, 
The last eleven samples collected in 1905, however, contained, with one exception, no. 
flaginac B. coli. 


Only two out of the first seven samples collected in January, 1906, yielded nega- 
tive results, but seventy consecutive samples collected between January 12th and 
August 24th, 1906, contained no flaginac B. coli in 100 c.c. of water. The thirty-one’ 
samples collected between September 28th, 1906, and January 14th, 1907, were in 
many cases far from satisfactory, and sixteen of them contained flaginac B. coli in 100, 
10 or 1 cc. of water. ‘The fourteen samples collected from January 17th to February 
28th, 1907, were satisfactory, only one of them yielding positive results, 


More striking, perhaps, than the general results were the periods during which an 
unbroken run of negative results occurred, and there can be little doubt, we think, 
that under more favourable conditions it would have been possible to have sent into: 
supply a water invariably containing no B. coli even in 100 cc. of water. But the 
practical difficulties at Lincoln were many. For example, complaints as to the 
taste of the water caused us often to reduce the dose below the point which we should 
otherwise have insisted on, and we have already pointed out that the absence of 
storage reservoirs, antecedent to filtration, made the task of sterilization a particularly 
difficult one. 


Unfortunately we have practically no data of our own, enabling us to say what the 
bacteriological condition of the filtered water was, prior to our treatment. We only 
examined one sample, on February 11th, which contained typical B. coli in 10 ce. of 
water, Reference to Dr. Reece’s report (pp. 129-134) shows that the Clinical Research 
Association found coli-like microbes in 2 ¢.c. and typical B. coli in 1 ce. in three 
samples of filtered water examined, and Dr. Klein found typical B. coli in 1 cc. of the 
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filtered water. Having regard to the fact that the raw water was delivered on to 
the filters without any preliminary storage, to the rate of filtration, and to the sources 
of supply, we think it not unlikely that previous to our treatment the filtered water 
did contain B. coli in 10 ¢.c., or 1 ¢.c. (perhaps even *] ¢.c.) of water, occasionally if 
not frequently. 


Total number of bacteria.—As already indicated, a remarkable feature of the 
sterilisation treatment was that, instead of the bacteria in the filtrate being diminished 
am number, they were greatly increased. It is no exaggeration to say that the filtered 
water, instead of containing considerably under 100 microbes per c.c. (gelatine at 
20° C.). contained often over 1,000. 


Taking the first fifty consecutive samples (March 24th to June 6th, 1905) in which 
both the number in gelatine at 20° C. and in agar at 37°C. were determined, the 
averages work out at 936 and 16, respectively, per cubic centimetre. 


These results may, we think, be attributed to the chloros being practically 
exhausted before it got far into the filter ; to the defective “skin” on the filter during the 
treatment ; and tothe chloros possibly changing the organic matter in the water into 
a state more suitable for bacterial life. Consequently, the bacteria in the interior of 
the filter and in the under-drains found, as we think, the conditions favourable for 
multiplication. The chemical results, indeed, support this view, for undoubtedly one 
effect of the treatment of an organic mud with “chlorosed” water is to dissolve some 
of the organic matter. . 


We have had a somewhat similar experience with sewage filters at Guildford.” 
At that place two filters of coarse material, alike in every respect, treated the one (a) septic 
tank liquor which had received varying doses of ‘ Oxychloride” solution,t the other 
(b) septic liquor without addition of “ Oxychloride.” Although the effluent from the 
former filter (a) usually contained the fewest number of microbes, when the amount 
of oxychloride added was sufficient to kill B. coli in the septic liquor, the total number 
of microbes in the jiliv-ate from (a) exceeded those in the filtrate from (b). 


Another point to be noted in regard to the treatment at Lincoln was that the 
microbes growing in agar at 37° C. were, relatively speaking, very few in relation to 
the number growing in gelatine at 20° C. In point of fact, most of the microbes 
were “ water bacteria” of quite harmless sort. 


(b) Separate Filter Wells and Pure Water Tank. 


Between February 19th and March 31st, 1905, 33 samples were examined. Of 
these, 1 sample contained flaginac B. coli in 10 c.c.; 11 samples contained flaginac 
B. coli in 100 but not in 10 ¢.c. ; and 21 samples contained zo flaginace B. coli even in 
100 c.c. of water. 


(c) Service Reservoirs. 


Thirty-five samples were examined from Crosscliffe Service Reservoir. <At first the 
results were remarkably successful,the first 17 samples (February 12th to May 5th, 1905) 
containing no flaginac B. coli even in 100 ¢.c. of water. But when the warm and 
bright sunny weather set in (May 12th to July 6th, 1905), the results were much less 
favourable. ‘The last six samples, however, collected between July 10th and 17th, 
were entirely satisfactory. 


Thirty-four samples were collected from Westgate Service Reservoir. ‘The first ten 
samples contained no flaginac B. coli in 100 ¢.c. of water, the next two samples yielded 
positive results and the next three negative results. Then followed (as in the case of 
Crosscliffe Reservoir) a period from May 3rd to July 7th, 1905, when the results 
deteriorated to a considerable extent. Of the last five samples, however, collected 
between the 10th and 14th of July, only one yielded positive results. 


Beyond all question a dose of chloros which, in the colder and duller months of 
the year, was completely successful, failed altogether when the weather became warm 
and sunny. 





* Cf. Report upon the “Oxychloride” experiment at Guildford, by Mr. A. C. Carter ; this Appendix, p. 167. 
+ This, too, is a solution of sodium hypochlorite. 
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Nevertheless, this circumstance seems to be inadequate to explain fully 
the falling off in the results, especially in the case of Westgate Reservoir. The 
service reservoirs are supplied with filtered water from the works, and the results at 
the works during this period were relatively satisfactory, so that, even if no treatment’ 
of the water in the service reservoirs had been in operation, better results might have 
been anticipated from reservoir samples. The reservoirs are uncovered; Crosscliffe Reser- 
voir abuts on a public road, and the surroundings of Westgate Reservoir are also 
unsatisfactory. These facts should be borne in mind, even though it is doubtful if they 
afford sufticient explanation of the observed results. 


It is worth noting that vegetable growths had in past years given rise to a great deal 
of trouble in these two uncovered service reservoirs. During 1905, as a result of the 
sterilisation treatment, no such trouble was experienced. 


(d) Taps throughout the Town. 


These samples were collected from house taps throughout the area of supply, 
and in many cases were from houses which had been invaded by enteric fever, Out 
of a total of 144 samples, none contained flaginac B. coli in 10 ¢.c. of water, and 129 
(89°6 per cent.) did not contain this microbe even in 100 c.c. of water. Except in 
two instances, whenever a sample failed to yield completely negative (that is, 
completely satisfactory) results, further samples from the same tap were examined 
until a negative result was obtained. 


These results we think are highly satisfactory, especially in view of the fact that 
100 c.c. 1s a relatively large volume of water to submit-to cultural tests. 


CHEMICAL ANALYSIS OF THE TREATED WATER. 


Between February 14th and December 31st, 1905, 24 main tap samples from the 
tap in the boiler-house were examined chemically ; in 1906, 12 samples; in 1907, 
10 samples ; and in 1908 (to end of August), 8 samples. These were nearly always 
clear and bright, but with a slight yellowish to brownish tint, and they contained 
either no visible matter in suspension, or—excepting in the case of one or two samples 
—only very minute quantities. As has been stated elsewhere, those samples—especi- 
ally the later ones—were often free from either smell or taste; but in the 
earlier stages of the treatment, more particularly, they had more or less of a mawkish 
taste and a spent bleach odour. ex 


Out of 12 samples tested, none showed any reaction on the day of analysis with 
iodide of potassium and starch solution; while out of 24 tested with iodide, starch. 
and dilute acid, 3 showed a distinct lilac colour and 8 others gave a slight tint. 


The detailed figures of analysis are printed in Appendix C. L., but the following -— 
give a fair idea of the chemical composition of the treated water (the figures in 
brackets indicate the number of estimations in each case) :— 


Parts per 100,000. 


Year 1905. Average. 
Ammoniacal Nitrogen (0-002 to 0°016)*_ - : : - 0005" (24) 
Albuminoid. _,,_ (0009 to. 0°025) -- --- + 4. -4 0;0160e78a) 
Nitric »._.. (Trace to 0°44)... - > 5, 5 Oss 
‘Oxygen absorbed” from 4, permanganate 

in 4 hours at 27° C. (80° F.) (0°12 to 0°25) - = OSS ae 
Chlorine (as chlorides) (3:00 to 5°46) - - - - 383 (18) 
Year 1906. 
Ammoniacal Nitrogen (0001 to 0010) - - + , - 0-003 (12) 
Albuinoid —,_— (0012 to 0-024) 9 01a TB) 
Nitric 1 AOOL EOD 59) 00 ESO oe 
“ Oxygen absorbed” in 4 hours (0-11 to 0-21) - : =» OT ay 
Chlorine (2°75 to 3°74). sR ee 





_ * Or, excluding two samples, which gave the relatively high figures 0°015 and 0-016, the ammoniacal 
nitrogen varied from 0-002 to 0-006, the average being 0-003. 
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Year 1907. | 
Ammoniacal Nitrogen (0-001 to 0:003) — - . - 0002 (10) 
Albuminoid 19 iO Olito 0026) sontil-00,00) 1471070165; (10) 
Nitric » (0°12 to 0-48) ee PET HY Aide BOIS '*i 10) 
“Oxygen absorbed ” in 4 hours (0°11 to 0°28) - H - O16 (10) 
ishlovineni2'81 tor3:68)n\x: Loekiow At Te Se any 2321 (1410) 


Year 1908 (to end of August). 


Ammoniacal Nitrogen (0001 to 0003) — - paid - 0002 (8) 
Albuminoid 4 (0008 to 0-017) - - - - 0012. (8) 
Nitric e160, (32) cae ie eo 
“Oxygen absorbed” in 4 hours (0°08 to 0:19) - - EIR Uae tet fey 
Chlorine (2°53 to 3°27) - Sean ee - Bhs pitino i ba Vig co) 


It will thus be seen that, from a chemical point of view, the treated water gave— 
for a drinking water—very high figures for albuminoid nitrogen and for “oxygen ab- 
sorbed ” from permanganate, no doubt materially higher than would have been the 
case had the water been filtered without the previous addition of chloros. Since, 
however, only a very few samples of the raw waters were examined chemically, it is 
impossible to make anything like an accurate comparison between these and the treated 
water, as regards dissolved organic matter. The natural tendency of the (alkaline) chloros 
is to dissolve some of the organic matter present in the suspended solids of the raw 
waters and in the mud on the top of the sand beds, besides interfering to some extent 
with the formation of a “‘ skin” upon the filter. 


The average figures for the different years are fairly even, but the individual 
samples necessarily varied to a considerable extent among each other, according to the 
proportions of the different waters entering into the general supply at any one time. 
The Witham water is hard, while the waters from Hartsholme and the Ballast Pits are 
fairly soft. 


Of main tap samples throughout the area of supply, only three (Nos. 12, 13, and 
25) were examined chemically (in March and April, 1905), and these did not differ 
materially from the boiler-house tap samples drawn about the same time. 


(2) Potability of the Treated. Water. 


There was thus every reason to suppose that the treatment which has just been 
described rendered the water usually (if not always) innocuous, so far as the complete 
(or almost complete) absence of disease-producing germs was concerned. A secondary 
result of the treatment, however, was to impart to the water a slight mawkish smell 
and taste, which varied more or less according to the dose of chloros, the amount of 
organic matter in the raw water, and the state of the sand filter beds as regards 
deposited mud, which necessarily contained a certain amount of organic matter. 
Although we are not in a position to prove the point, there can be little doubt that 
this slight taste and smell (which were sometimes quite inappreciable, but sometimes 
distinctly marked) were mainly due to the presence of minute quantities of compounds 
produced by the action of the akaline solution of chloros on the organic matters 
present. 


A large proportion of the inhabitants of Lincoln, already suspicious of the water 
on other grounds, objected strongly to the “spent bleach” taste and smell of the 
treated water and refused to drink it. We understand, however, that as time went 
on, this reluctance to use the water progressively diminished. 


Such objections on the part. of consumers, though perhaps not altogether reason- 
able, are not at all surprising, the senses of taste and smell being so extraordinarily 
acute. The subject is thus a difficult one for us to deal with, in all the circumstances 
of the case. 


It has already been pointed out that the dose of chloros varied from one in 10,000 
to one in 1,000,000, but usually it was one in 100,000. Further, that the “active” * 





* This more or less empirical term “active” is meant to indicate a treated water which gives a blue 
colour on the addition of solutions of potassic iodide and starch, without the addition of dilute sulphuric acid. 
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part of the chloros was all used up (or practically so) in passing through the filter 
beds. How far this is true may be judged from the following statement :— 


Chloros, diluted 100,000 times, yields a strong blue colour, and diluted 1,000,000 
times a faint blue colour on the addition of solutions of potassium iodide and starch, 


without acid. Yet the filtered water going into supply practically never gave a blue ~ 


colour with these reagents.” 

If one part of chloros be mixed with 10,000 times its volume of water, and the 
mixture be drunk immediately, the liquid has a pleasant, slightly tart taste. Had sucha 
mixture in the fresh unaltered condition been sent into supply, we doubt whether any 
serious objections as regards taste or smell would have been raised. 


Sometimes the taste of the treated water was inappreciable, at other times it was 
barely noticeable, while occasionally it was quite distinct. In the last case, usually 
(but not always) the increase of taste was associated with the use of a stronger dose 
of chloros, rendered necessary by one reason or another, ¢g., by the occurrence of 
floods. There seemed to be a certain amount of evidence in favour of the view that 
the taste might become cumulative in character without any variation in the dose, and 
certainly, when objections were raised to the taste of the water, a marked diminution 
of dose was often only very slowly effective in entirely removing the cause for com- 
plaint. Perhaps the explanation is to be found in the accumulation of mud on the 
top of the sand in the filter beds. This mud was always found to contain some 
compound of chlorine which was decomposed on the addition of acid, as shown by the 
colour reaction on subsequently adding iodide and starch. 


Excluding the worst periods, we think that the great majority of people drinking 
the water would never have noticed any objectionable taste, had they been unaware 
that the water was being chemically treated. Moreover, even when the taste was at 
its strongest, the water was still, in our opinion, innocuous. 


It was supposed at one time that the water caused colic, conjunctivitis, and various 
other human ailments; that horses, cattle, and dogs would not drink it, or, drinking it, 


suffered in consequence ; that it extracted an abnormal amount of tannin from tea and 


gave a nauseous taste to cooked vegetables ; and that it could not with safety be used 
for the watering of plants. 


These contentions, in the main unsupported by reliable facts, arose primarily 


from an irreconcilable distrust of Witham water, and secondarily from a rooted antipathy _ 


to any form of chemical treatment. 
Even if the taste of the water had been uniformly unpleasant, we should still 


have felt justified in advocating the treatment, having regard to all the circumstances 


of the case. 
Dr. Reece, in his report (p, 117), deals with the question of taste, and says that— 


‘¢ When the water was hot or cold, this smell and taste were not markedly appreciable, but 
when the water was merely warm, the odour given off could not fail to be detected by persons 
having ordinary sense of smell. After some weeks of treatment, either on account of the organic 
matter present in the filter beds being used up, oxidised, or on account of the lesser quantity of 
chloros used, the smell and taste became less, and in the first week of May I could not detect it. 

. ” 


“ Nevertheless, although to the senses of sight, smell, and taste the water compared favourably 
with the waters supplied in many places from upland moorland sources, the people of Lincoln, 


accustomed to a tasteless water, and having the knowledge that the water had been treated with 


‘chemicals’, refused in many instances to drink it.” 


THE PRracTicAL BEARING OF THE EXPERIMENTS AT LINCOLN ON THE QUESTION OF 
FuturE ProceDuRE AS REGARDS THE STERILISATION OF WATER. 


We may say at the outset that we are not in favour of the use of Chloros, or any — 


other chemical substance known to us, for the sterilisation of water under ordinary 
conditions and as a routine measure.f But under exceptional circumstances, such as 





* As is well known, a blue colour is also obtained on the addition of solutions of potassic iodide and starch 
to very dilute solutions of nitrite, provided the mixture be acidified with dilute sulphuric acid ; but no colour 
is produced in the absence of acid. 

+ An exception should, apart from economic considerations, be made in favour of ozone, which is known 
to be an effective germicide and is seemingly absolutely free from any source of reasonable objection. 


7 
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those which arose at Lincoln, we think our results and experience fully justify us in 
recommending strongly a similar kind of treatment to that which we ourselves 
adopted. 


In the absence of very warm and sunny weather, and with large storage and 
service reservoirs, the treatment would be comparatively simple. In such a case we 
should recommend the immediate treatment of the water in the storage and service 
reservoirs. If the service reservoirs were small and covered, the carrying out of the 
treatment might be difficult, perhaps almost impossible. But water in storage 
reservoirs can easily be treated, by means of boats or rafts rowed to and fro, from 
which the chloros* is sprayed or syphoned. The dose required would vary with the 
organic quality of the water, but in most cases a dose of from 1 in 10,000 to 1 in 
100,000 would suffice. 1 in 100,000 will be found effective in the case of a fairly 
pure water. It is very important to secure good distribution, and in effect this means 
that a great deal of patience must be exercised, and the duration of the experiment 
extended over as many hours as is reasonably practicable. As to how often the dose 
should be repeated, this depends so much on the particular circumstances of the case 
that no general rule can be suggested. 


In most cases the primary dose should err on the side of being too strong, the 
subsequent treatment tailing off, as it were, according to the particular needs of the 
case. Once the general body of water in the storage reservoir has been effectively 
sterilised, it may be desirable afterwards to treat only the water entering the reservoir. 


When the service reservoirs are uncovered, they may be treated in the same way 
as the storage reservoirs, but here it is most desirable to hold back the water from 
supply as long after the treatment as is possible, so as to exhaust the “active” part 
of the sterilising material. It is also most important to avoid using more of the sub- 
stance than is necessary to prove effectual as a bactericidal agent. 


As regards the filter beds, we feel some doubt in venturing on any recommenda- 
tions. The case of Lincoln was peculiar, and although we took drastic steps there, a 
similar procedure might not be applicable in other cases. 


It must not be forgotten that, by sterilising the filtering material with its ‘ pro- 
tective blanket,” the normal working of a filter is destroyed, or at least embarrassed. 
On the whole we consider that, provided it were possible to sterilise adequately the 
water in the storage reservoirs, considerable hesitation should be felt before interfering 
with the integrity of the sand filters. 


In warm, sunny weather the treatment of open reservoirs should preferably be 
carried out after the sun has set. But the extra dose of chloros, which we found to be 
necessary in the summer, was probably also dependent on other factors, ¢.g., the 
increased temperature of the water. 


- In conclusion, while we feel that it would not be justifiable to offer too precise 
advice on a subject which is governed so largely by local considerations, we are quite 
confident as to the safety and expediency of the sterilisation of water under the 
circumstances pertaining to a typhoid epidemic. 


A. ©. HOUSTON. 
GEORGE McGOWAN. 





* Bleaching powder, Howatson’s solutions, Hermite fluid, “Oxychloride,” ete., act in a very similar way 
to chloros. We prefer to base our conclusions on the results of the use of the substance of which our own 
experience has beerr greatest, without prejudice to the value of other germicides. We may, however, add 
that we obtained satisfactory results at Guildford with ‘‘ Oxychloride.” 
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The following notes (from July 29th onwards) were kindly supplied to us by Mr. 


N. M. Barron. 

1905. 
July 29th - : 2 - Ghloros I in 100,000. 
July 30th - - - - Chloros 1 in 100,000. 
July 31st - - - - Chloros 1 in 100,000. 


August Ist, 2nd, 3rd, 4th, 5th Chloros 1 in 100,000. 
6th, 7th, 8th, 9th, 10th, 11th, 
12th, 13th, 14th, 15th, 16th. 

August 17th - - - - Chloros increased to 


Worthington and flywheel working. Flywheel stopped, 6 a.m. 
Worthington working. 
Worthington working. 
Worthington working. 


1 in 25,000 from 6 p.m. Commenced temporary pumping from 


river, 8 a.m. Worthington working. 


August 18th, 19th 20th - - Chloros 1 in 25,000. 
August 21st, 22nd, 23rd, 24th, Chloros 1 in 25,000. 
25th. 


‘August 26th = - - - - Chloros 1 in 25,000. 
working. 
August 27th - - - - Chloros 1 in 25,000. 
August 28th - : - Chloros 1 in 25,000. 


August 29th, 30th, 31st and Chloros 1 in 25,000. 
September Ist. 

September 2nd - - - Chloros 1 in 25,000. 

September 3rd . - - Chloros 1 in 25,000. 

September 4th, 5th, 6th, 7th, Chloros 1 in 25,000. 
8th, 9th. 


September 10th - - - Chloros reduced to 1 

September llth, 12th, 13th, Chloros 1 in 25,000, 
14th 15th. working. 

September 16th = - - Chloros 1 in 25,000, 


stopped, 8.30 p.m. 


Temporary pumping from river. Worthington working. 
Worthington working. Temporary pumping from river. 


Temporary pumping at river stopped at noon. Worthington | 


No pumping from river. Worthington working. 
Pumping from river, 8.30 3.m. to 6 p.m. Worthington working. 
No pumping at river. Worthington working. 


Worthington working. Flywheel started, 10.30 p.m. 
Worthington working. Flywheel stopped, 10.50 a.m. 
Worthington working. 


in 50,000, 6 p.m. Worthington working. 
6 a.m. to 6 p.m.; 1 in 50,000, 6 p.m. to 6 a.m. Worthington 


6 a.m. to 6 p.m.; 1 in 50,000, 6 p.m. to 6 a.m. Worthington 
Flywheel started, 8.30 p.m. 


September 17th : - - Chloros 1 in 25,000, 6 a.m. to 6 p.m.; 1 in 50,000, 6 p.m. to 6 a.m. Cornish started 
* 8.30 p.m. All water from river from 8.30 p.m. 
September 18th, 19th, ae Chloros 1 in 25,000, 6 a.m. to 6 p.m. ; 1 in 50,000, 6 p.m. to 6 a.m. Cornish and fly- 
21st, 22nd. wheel éngines working. 


September 23rd - - - Chloros | in 25,000, 
started, 11.15 a.m. 
September 24th, 25th, 26th - Chloros 1 in 25,000, 


working. 
September 27th = - - Chloros 1 in 100,000, 
September 28th to Beecher 23rd Chloros 1 in 100,000. 
October 24th - - - - Chloros 1 in 100,000. 


October 25th to November sth Chloros 1 in 100,000. 


6 a.m. to 6 p.m.; 1 in 50,000, 6 p.m. to 6 a.m. Worthington 
Cornish and flywheel stopped, 11.15 a.m. 
6 a.m. to 6 p.m.; 1 in 50,000, 6 p.m. to 6 a.m. Worthington 


from 11 am. Worthington working. 
Worthington working. 
Worthington Working. Flywheel working, 10 a.m. to 6 p.m. 
Worthington working. 


‘November 6th - - - Chloros 1 in 1,000,000, from 11.15 a.m. Worthington working. 

November 7th to 18th - - Chloros 1 in 1,000,000. Worthington working. 

November 19th - - - Chloros 1 in 1,000,000. Worthington stopped and Cornish started, 8.30 p.m. 
November 20th - - - Chloros increased to 1 in 100,000, at 10 a.m. Cornish working. Flywheel started, 


6 a.m. 
Chloros 1 in 100,000. 
Chloros 1 in 100,000. 
10 a.m. 


November 21st to 24th 
November 25th -- = 


Cornish and flywheel working. 
Stopped Cornish and flywheel engines and started Worthington, 


November 26th - - - Chloros 1 in 100,000. Stopped Worthington and started Cornish and flywheel, 10 a.m. 
Stopped flywheel, 7 p.m. 

November 27th - - - Chloros 1 in 100,000 to 11.15 a.m., then reduced to 1 in 1,000,000. Cornish stopped, 
12.35 a.m.; restarted, 2.30 a.m. Flywheel started, 3 a.m. Worthington started. 
la.m.; stopped, 2.30 a.m. 

November 28th - - - Chloros 1 in 1,000,000. Cornish and flywheel stopped, and Worthington started at 
10.30 a.m. 

November 29th - - - Chloros 1 in 1,000,000. Worthington working. 

November 30th - - - Chloros 1 in 1,000,000. Worthington working. 

December Ist - - - Chloros 1 in 1,000,000. Worthington working. 

December 2nd - -  - Chloros 1 in 1,000,000. Worthington working. 

December 3rd - - - - Chloros 1 in 1,000,000. Worthington working. 

December 4th-.—  - - - Chloros increased to 1 in 100,000 from 6 a.m. Worthington working. 

December 5th to 10th - - Chloros 1 in 100,000. Worthington working. 


December 11th - - - Chloros 1 in 1,000,000 from 6 a.m. to 3.15 p.m. ; 1 in 100,000 from 3.15 p.m. Worthing- 


ton working. 


December 12th to 28th - - Chloros I in 100,000. Worthington working 
December 29th - . - Chloros 1 in 100,000 to 2 p.m. ; 1 in 1,000,000 from 2 p.m. Worthington working. 
December 30th - - - Chloros 1 in 1,000,000. Worthington working. 


December 31st - - 

1906. 
January Ist - - - 

January 2nd - 


' 


working. 


January 3rd to 6th - - Chloros 1 in 100,000. 


January 7th - - - - Chloros 1 in 100,000. 


started, 11 p.m. 
Chloros 1 in 100,000. 
Chloros 1 in 100,000. 


January 8th = 
January 9th - - 


Chloros 1 in 1,000,000. Worthington working. 


Chloros 1 in 1,000,000. Worthington working. 
Chloros 1 in 1,000,000 to 10.30 a.m.; 1 in 100,000 from 10.30 a.m. Worthington 


Worthington working. 
Worthington stopped and Cornish started, 9 a.m. Flywheel 


Cornish working, flywheel stopped, 9.30 a.m. ; started, 8 p.m. 
Cornish working, flywheel stopped, 11.30 a.m. 


January 10th - - - Chloros increased to 1 in 10,000 at 4.30 p.m. Cornish working, flywheel started, 5.15 
p-m. 
_ January 11th - - - - Chloros | in 10,000. Cornish and flywheel working. 
January 12th - - - - Chloros 1 in 10,000. Cornish and flywheel working. 
January 13th - - - - Chloros 1 in 10,000. Cornish working. Flywheel stopped, 6 p.m. 
January 14th - - - - Chloros 1 in 10,000. Cornish working. Flywheel started, 6 a.m. ; stopped, 6 p.m. 


Chloros 1 in 10,000. 
Chloros 1 in 10,000. 
- Chloros 1 in 10,000. 


January 15th 
January i6th 
_ January 17th 


Cornish working. Flywheel started, 6 a.m. 
Cornish working. Flywheel stopped, 8 p.m. 
Cornish working. Flywheel started, 4 a.m. 


1906, 

January [8th - 

January 19th - - 
January 20th - - 
January 21st to 26th 
January 27th - : 
January 28th - - 
January 29th - - 
January 30th - - 
January 31st - - 
February Ist to 10th 
February 11th . 
February 12th - 


February 13 and 14th 


February 15th and 16th - 


February 17th 
February 18th 


February 19th : 
February 20th - 


February 21st - - 


February 22nd - 


February 23rd - 
February 24th . 
February 25th - 
February 26th - 
February 27th 


February 28th to March 4th 


March 5th - - 


March 6th to 15th - 
March 16th to 23rd - 
March 24th - - 


March 25th - - 
March 26th - - 


March 27th to eid 6th 


April 7th - 
April 8th - - 
April 9th - - 


April 10th - - 
April 11th - - 
April 12th - - 
April 13th —- - 
April 14th - . 
April 15th - - 


April 16th - - 
April 17th - - 
April 18th to May Ist 
May 2nd : - 


May 3rd - - 
May 4th - - 
May 5th to 18th = - 
May 19th - - 


May 20th to June 17th 
June 18th - - 
June 19th to 22nd - 
June 23rd - . 


June 24th to July 16th 
July 17th - - 
July 18th and 19th - 
July 20th - 

July 21st and 20nd 
July 23rd - - 
July 24th - - 
July 25th - - 


July 26th to August 20th 


August 21st - - 
August 22nd, 23rd, 24th 
August 25th - - 
August 26th - - 
August 27th - - 


- Chloros 1 in 10,000. 


- Chloros 1 in 20,000. 
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Cornish working. Flywheel stopped, 10 p.m. 

Cornish working. Flywheel started, 5 a.m. 

Worthington started. Cornish and flywheel stopped, 3 p.m. 

Worthington working. 

Chloros 1 in 10,000. Worthington stopped, 8 p.m. Flywheel started, 1 p.m. 

Chloros 1 in 10,000. Worthington started, 3.30 a.m. Flywheel stopped, 4 a.m. 

Chloros reduced to 1 in 20,000 at 5.15 p.m. Worthington working. 

Worthington working. 

Chloros reduced to 1 in 100,000 at 6 p.m. Worthington working. 

Chloros 1 in 100,000. Worthington working. 

Chloros 1 in 100,000. Worthington stopped and Cornish started, 8.30 p.m. 

Chloros 1 in 100,000. Cornish working. Flywheel started, 5.30 a.m.; stopped, 
10 p.m. 

Chiexc 1 in 100,000. Cornish working. Flywheel started, 6 a.m. ; stopped, 10 p.m. 

Chloros 1 in 100,000. Cornish working. Flywheel started, 5.30 a.m.; stopped, 
10 p.m. 

Chloros 1 in 100,000. Flywheel started, 
and Worthington started, 10.30 a.m. 
Chloros increased to 1 in 10,000 at 11.45 a.m. River thick and muddy ; started raking 

beds, 11.45 a.m. Worthington working. 

Chloros 1 in 10,000. River thick, no raking. Worthington working. 

Chloros reduced to 1 in 20,000 at 12 noon. River muddy, no raking, Worthington 
workin: 

Chloros moat Se to 6 a.m. ; reduced to 1 in 20,000, 6 a.m. ; reduced to 1 in 100,000 
at 5.30 p.m. ; increased to 1 in 10,000 at 7.45, and reduced to 1 in 100,000 at 9.45 
p-m. River muddy, raking beds, 5 to 6 a.m. Worthington stopped. Cornish and 
flywheel working, 9.30 to 1.30 p.m. Worthington stopped and Cornish and 
flywheel started, 6 p.m. 

Chloros increased to 1 in 50,000 at 4.30 p.m. Cornish and flywheel working. Fly- 
wheel stopped, 10.30 p.m. 

Chloros 1 in 50,000. Cornish working. Flywheel started, 3.30 a.m. 

Chloros 1 in 50,000. Worthington started. Flywheel and Cornish stopped, 10 p.m. 

Chloros 1 in 50,000. Worthington working. 

Chloros reduced to 1 in 100,000 at 6a.m. Worthington worn: 


Chloros 1 in 10,000. 


Chloros 1 in 10,000. 
Chloros 1 in 10,000. 


5.30 a.m. Cornish and flywheel stopped 


- Chloros 1 in 100,000. Worthington working. 
- Chloros 1 in 100,000. Worthington working. 


Chloros increased to 1 in 10,000 at 12.30 p.m.; reduced to 1 in 100,000 at 2,30 p.m. 
Worthington working. 


- Chloros 1 in 100,000. Worthington working. 
- Chloros 1 in 100,000. Worthington working. 


- Chloros 1 in 100,000. 


- Chloros 1 in 100,000. 


- Chloros 1 in 100,000. 


- Chloros 1 in 100,000. 


1 


Worthington stopped, 5.15 p.m. 
Flywheel started, 5.40 p.m. 

Chloros 1 in 100,000. Cornish working. Flywheel stopped, 5 a.m. 

Chloros 1 in 100,000. Cornish stopped and Worthington started, 7.50 a.m. 

Chloros 1 in 100,000. Worthington working. 

Worthington stopped, 2.10 p.m. Flywheel started at 11 a.m. 

Flywheel working. 

Flywheel stopped, 1.30 a.m. ; restarted, 11 a.m., and stopped, 
6 p.m. Worthington started, 12.45 a.m. 

Chloros 1 in 100,000. Worthington stopped. Cornish and flywheel started, 10.30 a.m. 

Chloros 1 in 100,000. Cornish and flywheel working. 

Chloros 1 in 100,000. Cornish and flywheel working. 

Chloros 1 in 100,000. Cornish working. Flywheel stopped, 10 p.m. 

Chloros 1 in 100,00. Cornish working. Flywheel started, 5 a.m., stopped, 11 p.m. 

Chloros increased to 1 in 10,000, 12 noon ; reduced to 1 in 100, 000, 6 p.m. Worthing- 
ton, started.12 noon. Flywheel started, 8 a.m., stopped, 12 noon. Cornish stopped, 
12 noon. River water shut out and entire supply taken from Hartsholme and 
ballast pits at 12 noon. 

Chloros 1 in 100,000, up to 9.50 a.m. stopped altogether. 

No Chloros. Worthington. 

No Chloros. Worthington working. 

Chloros 1 in 100,000, from 9 a.m. Worthington working. 
pit water shut off and river water used, 9 a.m. 

Chloros 1 in 100,000. Worthington working. 

Chloros 1 in 100,000. Worthington working. 

Chloros 1 in 100,000. Worthington working. 

Chloros 1 in 100,000. Worthington working. Ballast pit water first used for street 
drays without chloros, and Willoughby stopped. 

Chloros 1 in 100,000. Worthington working. 


Chloros 1 in 100,000. 


Worthington working. 


Hartsholme and ballast. 


Chloros 1 in 100,000. Worthington stopped and Cornish and flywheel started, 9.30 a.m. 


Chloros 1 in 100,000. Cornish and flywheel working. 

Chloros 1 in 100,000. Worthington started, and Cornish and flywheel stopped, 
10.15 a.m. 

Chloros 1 in 100,000. 

Chloros 1 in 100,000. 

Chloros 1 in 100,000. 


Worthington working. 

Worthington stopped. Cornish =a flywheel started, 7.30 a.m. 
Cornish and flywheel working. 

Worthington started. Cornish and flywheel stopped, 7 a.m. 
Worthington working. 

Worthington stopped, 10 p.m. Flywheel started, 10.20 p.m. 
Worthington started, 3.a.m. Flywheel stopped, 2.50 a.m. 
Worthington working. Flywheel started, 7 a.m., stopped, 8 p.m. 
Worthington working. 

Worthington stopped. Cornish and flywheel started, 7 a.m. 
Cornish and flywheel working. 

Worthington started. Cornish and flywheel stopped, 9.30 a.m. 
Worthington working. 

Worthington stopped. Cornish and flywheel started, 11.50 a.m. 


Chloros 1 in 100,000. 
Chloros 1 in 100,000. 
Chloros 1 in 100,000. 
Chloros 1 in 100,000. 
Chloros 1 in 100,000. 
Chloros 1 in 100,000. 
Chloros 1 in 100,000. 
Chloros 1 in 100,000. 
Chioros 1 in 100,000. 
Chloros 1 in 100,000. 


Cornish started, 7.45 p.m... 


ye tes 


1906. 
August 28th, 29th, 30th, 31st - 
September Ist - - - 
September 2nd - 
September 3rd to Goober 23rd 
October 24th - - - - 


October 25th, 26th, 27th - 
October 28th - - 
October 29th, 30th, 31st to 
November 2nd. 
November 3rd : : 


November 4th and 5th - 
November 6th : 3 


November 7th - = 
November 8th to 13th = - - 
November 14th = - 


November 15th, 16th, 17th = - 
November 18th - = 


November 19th, 20th, 2Ist, 
22nd. 
November 23rd = e : 


November 24th - 2 a 
November 25th . 


November 26th : ‘ 

November 27th to Tieoeiniber 
ord. 

December 4th - - = 


December 5th to 16th = -- 


December 17th = - 


December 18th = : 
December 19th 3 - 


December 20th : - 
December 21st S 2 


December 22nd to January Ist 
1907. 


January 2nd - - - - 


January 3rd to 14th . 
January 15th - - - 


January 16th to Bereey 12th 
February 13th - - 


February 14th and 15th - 
February 16th - - 


February 17th - - 
February 18th- — - - 


February 19th - 


February 20th - - 


February 21st to 28th = - 


- No chloros. 


- Chloros nil. 
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Chloros 1 in 100,000. 

Chloros 1 in 100,000. 

Chloros 1 in 100,000. 

Chloros 1 in 100,000. 

Chloros 1 in 100,000. 
noon. 

Chloros 1 in 100,000. Cornish and flywheel working. 

- Chloros 1 in 100,000. Worthington started, 11.45 a.m. Cornish and flywheel stopped. 

Chloros 1 in 10,000. Worthington working. 


Cornish and flywheel working. 
Cornish and flywheel stopped, 12.15 noon. 
Worthington started, 12 midnight. 
Worthington working. 
Worthington stopped. Cornish and flywheel stopped, 12.30 


Chloros 1 in 100,000 to 6 p.m. then stopped. River water shut out at 3 p.m., and 
Hartsholme water being used. Worthington working pumped to waste till 5.45 p.m. 
Last day ballast pit water supplied to street drays. 

All Hartsholme and ballast pit water used. Worthington working. 

Chloros 1 in 100,000 in river water only. River water being used along with Hartsholme 
and ballast pit water 11.30 p.m. to5a.m. Worthington working. 

Using all Hartsholme and ballast pit water. Worthington working. 

Chloros nil. Using all Hartsholme and ballast pit water. Worthington working. 

Chloros 1 in 100,000. Hartsholme, ballast pit and river water from 12 noon. Worth- 
ington working. 

Chloros 1 in 100,000. Hartsholme ballast pit and river water. Worthington working. 

Chloros 1 in 100,000 to 6 p.m. River water shut out and Hartsholme and ballast pit 
water used from 6 p.m. Worthington working. 

Chloros nil. Using all Hartsholme and bellast pit water. Worthington working. 

Chloros 1 in 100,000 from 1 p.m. River, Hartsholme and ballast pit water being used 
from 1 p.m. Worthington working. 

Chloros 1 in 100,000. River, Hartsholme and ballast pit water. Worthington working. 

Chloros 1 in 100,000. River, Hartsholme and ballast pit water. Worthington stopped, 
6 a.m. Cornish and flywheel started, 6 a.m.; stopped 1 p.m., and Worthington 
started. 


- Chloros 1 in 100,000. River, Hartsholme and ballast pit water. Worthington working. 
Chloros 1 in 100,000. River, Hartsholme and ballast pit water. Worthington working. 
Chloros 1 in 100,000. River, Hartsholme and ballast pit water. Worthington stopped 


and Cornish and flywheel started, 8 a.m. 

Chloros 1 in 100,000. River, Hartsholme and ballast pit water. 
working. 

Chloros 1 in 100,000 to 7.15 a.m. River water shut out and no chloros used. Cornish 
and flywheel working. 

Chloros nil. Hartsholme and ballast pit water. 

Chloros nil. Hartsholme and ballast pit water. 
Worthington started at 1.45 p.m. 

Chloros nil. Hartsholme and ballast pit water. Worthington working. 

Chloros 1 in 100,000 from ll a.m. River water taken in at 11 a.m. together with Harts- 
holme and ballast pit water. Worthington working. 

Chloros 1 in 100,000. River, Hartsholme and ballast pit water. 


Cornish and flywheel 


Cornish and flywheel working. 
Cornish and flywheel stopped and 


Worthington working. 


Chloros 1 in 100,000 to 3 a.m. River water shut out and Hartsholme and ballast pit 
water used from 3 a.m. Worthington working. 

Chloros nil. Hartsholme and ballast pit water used. Worthington working. 

Chloros 1 in 100,000 from 6 a.m. River water taken in together with Hartsholme and 
ballast pit. Worthington working. 

Chloros 1 in 100,000. River, Hartsholme and ballast pit water. Worthington working. 

Chloros 1 in 100,000 to4 a.m. River water shut out4a.m. Chloros stopped. Harts- 
holme and ballast pit water only. Worthington working. 

Chloros nil. Hartsholme and ballast pit water being used. Worthington working. 

Chloros nil. Hartsholme and ballast pit water being used. Worthington stopped. 
Cornish and flywheel started, 9.30 a.m. 

Chloros nil. Hartsholme and ballast pit water used. Cornish and flywheel working. 

Chloros 1 in 100,000 from 9a.m. River water taken in at 9 a.m. together with Harts- 
holme and ballast pit. Cornish and flywheel working. 

Chloros 1 in 100,000 to midnight. River, Hartsholme and ballast pit being used to 
midnight. River then shut out. Cornish and flywheel working. 

Chloros 1 in 100,000 from 11 a.m. River water taken in at 11 a.m. with Hartsholme 
and ballast pit. Cornish and flywheel working. 

Chloros 1 in 100,000. River, Hartsholme and ballast pit. 
working. 


Cornish and flywheel 


The following additional notes referring to various alterations carried out by Mr. Barron at the Pumping Station 


may here be added :— 
September 17th, 1905s - 


December 7th, 1905 - 
April 17th, 1906 - - - 


May 17th, 1906 - - - 
June 8th, 1906 - > 
June 28th, 1906 - = 
July 21st, 1906 - 
August 2nd, 1906 - 
August 17th, 1906 - 
August 31st, 1906 - 
July 13, 1906 - - : 


1 
‘ 


September 2nd, 1906 


- Old intakes from catchwater drain and pike drain abandoned and new intake from 
river brought into use. 

- Crosscliffe Reservoir abandoned owing to excessive leakage. 

New cast iron main from Hartsholme and ballast pit completed, and town supplied 
entirely from these sources for a time. 

Alterations (to effect individual control, etc.) to No. 5 filter bed completed. 

Alterations (to effect individual control, ete.) to No. 7 filter bed completed. 

Alterations (to effect individual control, etc.) to No. 1 filter bed completed. 

Alterations (to effect individual control, etc.) to No. 6 filter bed completed. 

Alterations (to effect individual control, etc.) to No. 3 filter bed completed. 

Alterations (to effect individual control, etc.) to No. 2 filter bed completed. 

Alterations (to effect individual control, etc.) to No. 4 filter bed completed. 

New raw water tank completed and all “raw” water delivered to filter beds through 
an aerating standpipe. 

New clear water tank completed, and total clear water from filters measured by 


“ Venturi’ meter. 
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APPENDIX B. 





BACTERIOLOGICAL RESULTS. 





TABLE I. 
CATCHWATER DRAIN WATER. 
Numper oF B. Cort (oR CoLiI-LIKE MICROBES). 








Number of B. Coli (or coli-like microbes). 






































Description of the Sample. | + 100 c.c. + 10 c.e. + 1 ce. + ‘1 c.e. aie Olicies 
: | of water. of water. of water. of water. of water. 
Catchwater Drain Water. | 
(14) 1. Collected 4+ mile above intake — - - flag (ac) flaginac* flaginac 
21/2/05 | + - “ = 
(20) 2. Collected from well at Works - - flaginac flaginac flaginac 
23/2/05 ot of oh a 
(B 5) 3. Collected just above intake = - - flaginac flaginac flaginac 
6/3/05 sa or Ar + a 
(B 57) 4. Collected 12 feet above intake - flaginac flaginac flagin 
16/3/05 =F ai oa 
(B 93) 5. Collected 12 feet above intake - flaginac flaginac flaginac 
22/3/05 + a i ; re 
(B 139) 6. Collected 12 feet above intake - flaginac flaginac flaginac flagac 
30/3/05 a aes me ze sg8 
(B 161) 7. Collected 200 yards above intake - flagac flaginac flaginac © flaginac 
3/4/05 E eyh te + an —_— 
(B 187) 8. Collected 220 yards above intake - flaginac ~ flaginac flaginac flagac 
10/4/05 al + 5 + — 
(B 205) 9. Collected 350 yards above intake - flaginac flaginac flaginac 
17/4/05 fe + = — 
(B 234) 10. Collected 200 yards above intake flaginac flaginac flaginac flaginac . 
1/5/05 | ci a + as oe 
(B 270) 11. Collected } mile above intake - flaginac flaginac flaginac flaginac 
15/5/05 a a3 va Le — 
TABLE IL. 
PIKE DRAIN WATER. 
NumBer or B. Cort (oR CoLi-LIkE MIcROBEs). 
Pipe Drain Water. | 
(10) 1. Collected 100 yards above intake - flaginac flaginac flagin flaginac 
20/2/05 =F te a Sele — 
(21) 2. Collected at inlet grid. 23/2/05 - flaginac flagin flaginac flaginac 
ae - ra : a — 
(26) 3. Collected 50 yards above inlet - - flaginac flagac flaginac flagin 
25/2/05 a a ate fs a — 
(B 8) 4. Collected 12 feet above intake - - flaginac flag flaginac flaginac 
7/3/05 “ + “4 ote Pos 
(B 64) 5. Collected 6 feet above intake - - flaginac flaginac flaginac 
17/3/05 | 4s oe a — 
(B94) 6. Collected 12 feet above intake - flaginac flaginac flaginac 3 
22/3/05 = a3 m9 ae 
(B 141) 7. Collected 12 feet above intake — - flaginac flaginac flaginac flin 
30/3/05 | + + +- ~ _ 
(B 162) 8. Collected 12 feet above intake —- flaginac flaginac flaginac 
3/4/05 | + te = cape 3 
(B 185) 9. Collected 34 yards above intake — - flaginac flaginac O 
10/4/05 + + + 3 
(B 206) 10. Collected 150 yards above intake flaginac flaginac flaginac 
: 19/4/06 Vs fi 1 he 
(B 235) 11. Collected 25 yards above intake - flagac flaginac flaginac 
1/5/05 - 7 + es: 
(B 269) 12. Collected 150 yards above intake flaginac flaginac flaginac | flaginac 
15/5/05 " 4 x a | + 














* To express the results of sub-cultural tests of the coli-like microbes isolated in pure culture, the word “ flaginac’’ is 
used in the following sense :— 

FL = fluorescence in neutral-red broth cultures (48 hrs. at 37° C). 

AG = acid and gas in lactose peptone cultures (48 hrs. at 37° C), 

{ N = indol formation in peptone water cultures (5 days at 37° C). 

AC= acidity and clotting of litmus milk cultures (5 days at 37° C). 
_ The word “ flaginac ” thus indicates that a microbe was indistinguishable, as regards the tests employed, from typical B. 
coli. When the letters are placed in brackets an incomplete reaction is indicated. The absence of a character is expressed 
by the omission (or deletion) of the letters chosen to indicate that attribute. When the sign “O” occurs, it means that 
beyond forming gas in glucose gelatine shake-cultures, the microbe yielded negative results with all the other tests. 
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TABLE III. 


RIVER WITHAM WATER. 


- NuMBER OF B. CoLi (OR COLI-LIKE MICROBES) 















Description of the Sample. 


Number of B. Coli (or coli-like microbes). 














+ 100 ¢.c. 
of water. 
: River Witham Water. 
(15) 1. Midway between C. and P. intakes - flaginac 
, 21/2/05 + 
(27) 2. Midway between C. and P. intakes - flaginac 
| 25/2/05 a 
(B 48) 3. Midway between C, and P. intakes flaginac 
15/3/05 4 
(B 95) 4. 100 yards above entrance of Pike flaginac 
drain. 22/3/05* + 
(B 148) 5. Midway between C. and P. intakes flagac 
31/3/05 ie 
(B 163) 6. Midway between C. and P. intakes (fl) agin 
3/4/05 + 
(B 186) 7. Midway between C. and P. intakes flaginac 
10/4/05 
-(B 207) 8. Midway between C. and P. intakes flaginac 
17/4/05 sf 
(B 236) 9. Midway between C. and P. intakes flaginac 
1/5/05 + 
(B 254) 10. Midway between C. and P. intakes flaginac 
8/5/05 + 
'(B 262) 11. Midway between C. and P. intakes flaginac 
11/5/05 nf 
(B 272) 12. Midway between C. and P. intakes flaginac 
16/5/05 ce 
(B 281) 13. Midway between C. and P. intakes flaginac 
| ; 22/5/05 + 
. (B 291) 14. Midway between C. and P. intakes flaginac 
- 29/5/05 + 
-(B 300) 15. Midway between C. and P. drain - flaginac 
| 5/6/05 ue 
-(B 309) 16. Midway between C. and P. drain - flaginac 
, 15/6/05 a 
(B314) 17. Midway between C. and P. drain - | _ flaginac 
. 19/6/05 4 
(B 352) 18. Midway between C. and P. drain - flaginac 
19/7/05 + 
(B 357) 19. Midway between C. and P. drain -- (fl) ag 
27/7/05 + 
(360) 20. Midway between C. and P. drain - (fl) (ag) 
8/8/05 zi 
(363) 21. Raw water being pumped from - flaginac 
Witham 17/8/05 + 
(366) 22. Raw water being pumped from - flaginac 
Witham. 22/8/05 + 
(372) 23. Witham water - - - : flaginac 
5/9/05 aa 
(378) 24. Witham water . - - - flaginac 
19/9/05 + 
(385) 25. Collected at intake - - - | (fl) (ag) (ac) 
3/10/05 ay 
(392) 26. Collected above the intake - : flaginac 
17/10/05 + 
(398) 27. Witham water : - . - flaginac 
31/10/05 =f 
(411) 28, Collected at intake - - flaginac 
14/11/05 + 
(416) 29. Collected at intake - - - flaginac 
: 22/11/05 F 
(425) 30. Collected at intake : - - flaginac 
| 5/12/05, ce 
(435) 31. Collected at intake . - - (fl) 
. 8 






e river. 





6225—A pp. IV. 


+ 10 e.c. 
of water. 


flaginac 
+ 

flaginac 
Sa 

flaginac 


f=) Sg feel es) exh“ feey jesse ese fen 
3 3S 08 08 08 08 ro 08 oR rc 
tate tet ete te te te tet 
2 © @ ) © ® @ 2 
Q Q Q Q le) fo) fo) © 


0g 
i=) 
2 
Q 


-- 


eee ae 

ee rey or art ae 

a > 0 © B&F %o 
(oT ae eet <} 


(fl) (a: 


flaginac 


2 
re) 
— 


U 


a 


a. 


fl 


2 


g 


- 


flaginac 
+- 


flaginac 
+ 

flaginac 
-|- 

flaginac 
+ 

flaginac 
+ 

flaginac 
+ 

flaginac 
4- 


+1 c.c. 
of water. 


flin 
+ 


flaginac 


flaginac 
flagin 
flin 


flaginac 


(fl) aginac 
+ 


(fl) aginac 
+ 


flaginac ° 
+ 


flaginac 
+ 

flaginac 
+ 


+ ‘1 c.e. 
of water. 





+ -O1 c.c. 
of water. 








flagin (ac) 


+B+0| +0+F 


flaginac 
+ 








flaginac 
+ 








‘001 c.c. 
of water. 


“SS SE ET OREO It DAO OE oo Ent. SS So Cae 
od 


' * This sample was collected in too shallow water, and contained some suspended matter derived probably from the bed of 


Ap 
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TABLE IV. 
HARTSHOLME WATER. 


Numper or B. Cort (oR CoLi-LIkE MIcROBES). 
































Number of B. Coli (or coli-like microbes). 
Pe ee eee 
Description of the Sample. | +100cc. | +10cc. + lec. + ‘lc. + ‘01 c.c. 
of water. of water. of water. of water. of water. 
Hartsholme Water. 
(24) 1. Collected at entrance to conduit - - flaginac flaginac 
24/4/05 + + — 
(B 26) 2. Collected at entrance to conduit - flaginac flaginac 
10/3/05 te — 
(B 47) 3. Collected at entrance to conduit - flaginac flaginac 
15/3/05 ais ce = 
(B 133) 4. Collected at entrance to conduit - flaginac flaginaz 
29/3/05 oF oe 
(B 176) 5. Collected at entrance to conduit - flaginac flaginac 
7/4/05 + cre 2 
(B 200) 6. Collected at entrance to conduit - |  flaginac flaginac 
14/4/05 = at a 
(B 220) 7. Collected at entrance to conduit - | flaginac flaginac 
20/4/05 sf a = 
(B 248) 8. Collected from opening in conduit- | flaginac 
at works. 5/5/05 + — 
(B 256) 9. Collected at entrance to conduit - flaginac flaginac (ag) 
9/5/05 ae ny — 
(B 266) 10. Collected from opening in conduit flagin 
at works. 12/5/05 + = 
(B 278) 11. Collected at entrance to conduit - flaginac flaginac 
19/5/05 + oe =a 
{B 290) 12. Collected from opening in conduit — 
at works. 26/5/05 
(452) 13. Hartsholme water - - - - flaginac flaginac flaginac 
15/1/06 + a { + — 
TABLE V. 


BALLAST PIT WATER. 


NuMBER OF B. Cott (oR COLI-LIKE MICROBES). 


9 ee 


Number of B. Coli (or coli-like microbes). 
































Description of the Sample. + 100 cc. a0 ce. ae 
of water. of water. of water. 
Ballast Pit Water. 
1. Collected at entrance to conduit - fl 
22/2/05 =p _ 
(B 299) 2. Collected at opening in Culvert at = 
works. 2/6/05 
({B 303) 3. Collected at opening in tunnel - = 
6/6/05 
(B 313) 4. Collected from Cockpit - - flaginac 
16/6/05 Sie — 
{B 319) 5. Collected from Cockpit - - - flaginac flag(in)ac 
23/6/05 + + — 
4{B 348) 6. Collected-from Weir at works - fl 
14/7/05 a — 
4B 356) 7. Collected from Weir at works - a 
26/7/05 
{B 369) 8. Ballast Pit water - - - - a 
29/8/05 
#375) 9. Collected from Culvert = - - - — 
13/9/05 
(381) 10. Ballast Pit water - - - - ae 
26/9/05 
{390) 11. Ballast Pit water - . - - — 
10/10/05 
(397) 12. Ballast Pit water - - - - — 
25/10/05 
4407) 13. Ballast Pit water - > --  -=| (fl) (ag) 
8/11/05 is —- 
(421) 14. Ballast Pit water - - - - —- 
29/11/05 
(450) 15. Ballast Pit water - . - - —— 
15/1/06 
(507) 16. Ballast Pit water (wnfiltered) - - seed 
25/4/06 
(525) 17. Ballast Pft water (filtered) - (fl) 





16/7/06 4 dt 
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TABLE VI. 
CROSSCLIFFE RESERVOIR WATER. 


NuMBER oF B. Coit (oR CoLi-LIkE MrcroBEs). 





Number of B. Coli (or coli-like microbes). 



































Description of the Sample. 
=+- 100'c:¢: St Orerc: =i LG... = ol Ce, 
of water. |- of. water. of water. of water. 
Urosscliffe Reservoir Water. 
(A 5) 1. Crosscliffe Reservoir water - - = 
12/2/05. 6 a.m. 
(A 4) 2. Crosscliffe Reservoir water - - = 
. 12/2/05. 6 p.m. 
(A 8) 3. Crosscliffe Reservoir water - . — 
13/2/05. 6a.m. 
(A 7) 4. Crosscliffe Reservoir water - - a 
13/2/05. 6 p.m. 
(A 11) 5. Crosscliffe Reservoir water - - aes 
14/2/05 
(11) 6. Crosscliffe Reservoir water - - - = 
20/2/05 | 
(B 2) 7. Crosscliffe Reservoir water - - — 
4/3/05 
(B 14) 8. Crosscliffe Reservoir water = - - — 
8/3/05 
(B 56) 9. Crosscliffe Reservoir water - - — 
16/3/05 
(B 77) 10. Crosscliffe Reservoir water - : ae 
18/3/05 
(B 115) 11. Crosscliffe Reservoir water - - — 
25/3/05 
(B 154) 12. Crosscliffe Reservoir water - : — 
1/4/05 
(B 168) 13. Crosscliffe Reservoir water - - _- 
5/4/05 
(B 192) 14. Crosscliffe Reservoir water - - —_ 
12/4/05 
(B 213) 15. Crosscliffe Reservoir water - - — 
19/4/05 
(B 225) 16. Crosscliffe Reservoir water - - — 
27/4/05 
(B 240) 17. Crosscliffe Reservoir water - - — 
3/5/05 
(B 265) 18. Crosscliffe Reservoir water - - flaginac 
12/5/05 “F == 
(B 276) 19. Crosscliffe Reservoir water - - a 
18/5/05 
(B 284) 20. Crosscliffe Reservoir water - - flaginac 
; 24/5/05 =F a 
(B 297) 21. Crosscliffe Reservoir water - - flaginac 
1/6/05 + a 
(B 304) 22. Crosscliffe Reservoir water - - flagac flaginac flaginac 
6/6/05 SD Ce oe oa 
(B 311) 23. Crosscliffe Reservoir water - - flagin flagin 
16/6/05 a = 
(B 317) 24. Crosscliffe Reservoir water - - flaginac flaginac 
22/6/05 “F = 
(B 324) 25. Crosscliffe Reservoir water - - flaginac flaginac 
28/6/05 = of ions 
(B 327) 26. Crosscliffe Reservoir water - - | flaginac flinac 
3/7/05 =F =e = 
(B 329) 27. Crosscliffe Reservoir water - - |  flaginac 
4/7/05 “E = 
(B 330) 28. Crosscliffe Reservoir water - - flaginac flaginac 
5/1/05 + + — 
(B 333) 29. Crosscliffe Reservoir water - - flaginac 
6/7/05 Se = 
(B 337) 30. Crosscliffe Reservoir water - - — 
10/7/05 
(B 340) 31. Crosscliffe Reservoir water - - — 
11/7/05 
(B 342) 32.  Crosscliffe Reservoir water - . — 
12/7/05 
(B 346) 33. Crosscliffe Reservoir water - - — 
13/7/05 
(B 349). Crosscliffe Reservoir water - - — 
15/7/05 
(B 350). Crosscliffe Reservoir water - - — 
17/7/05 














6225—App. IV. 








ww 
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TABLE VIL. 


WESTGATE RESERVOIR WATER. 


Noumper oF B. Cot (OR CoLI-LIKE MICROBES). 





Description of the Sample. 





Westgate Reservoir Water. 


(A 9) 1. Westgate Reservoir water . - 
13/2/05 
{A 13) 2. Westgate Reservoir water - - 
14/2/05 
{A 15) 3. Westgate Reservoir water - - 
15/2/05 
{1) 4. Westgate Reservoir water - - - 
19/2/05 
{B 3) 5. Westgate Reservoir water - - 
5/3/05 
{B 15) 6. Westgate Reservoir water - - 
8/3/05 
(B 34) 7. Westgate Reservoir water - - 
12/3/05 
{B 51) 8. Westgate Reservoir water - - 
15/3/05 
{B 79) 9. Westgate Reservoir water - - 
19/3/05 
(B 118) 10. Westgate Reservoir water - - 
26/3/05 
{B 155) 11. Westgate Reservoir water - - 
2/4/05 
(B 171) 12. Westgate Reservoir water - - 
5/4/05 
{B 195) 13. Westgate Reservoir water - - 
12/4/05 
(B 216) 14. Westgate Reservoir water - - 
19/4/05 
{B 223) 15. Westgate Reservoir water - - 
26/4/05 
{B 243) 16. Westgate Reservoir water - - 
3/5/05 
{B 260) 17. Westgate Reservoir water - - 
10/5/05 
{B 275) 18. Westgate Reservoir water - - 
17/5/05 
{B 286) 19. Westgate Reservoir water - ° 
24/5/05 
{B 295) 20. Westgate Reservoir water - - 
31/5/05 
(B 306) 21. Westgate Reservoir water - - 
7/6/05 
(B 308) 22. Westgate Reservoir water - - 
14/6/05 
(B 316) 23. Westgate Reservoir water - - 
21/6/05 
(B 321) 24. Westgate Reservoir water - - 
23/6/05 
(B 322) 25. Westgate Reservoir water - - 
27/6/05 
{B 328) 26. Westgate Reservoir water - - 
4/7/05 
(B 332) 27. Westgate Reservoir water - - 
5/7/05 
{B 334) 28. Westgate Reservoir water - - 
6/7/05 
(B 335) 29. Westgate Reservoir water : é - 
7/7/0 
{B 338) 30. Westgate Reservoir water i a : 
10/7/05 
({B 341) 31. Westgate Reservoir water : vs - 
11 
(B 344) 32. Westgate Reservoir water : ap 
12 
(B 345) 33. Westgate Reservoir water ‘ ue 
1 
(B 347) 34. Westgate Reservoir water zt ee 


| hla Se eS 


14/7/05 











-+ 100 c.c. 
of water. 


fl 
+ 
flagin 

ao 
flaginac 

a 
flaginac 

+e 


flaginac 
oe 

flaginac 
+ 


- flaginac 


— 


j=) i=) =e) j=) 

| 0 8.5 
+8484 m4+9-48-45 

2 & 2 ~ 

fo) lo) fe) OQ 


=") 
© 
8 
3 
2 
Q 


> 
08 
anger 
@ 
OQ 


flaginac 
+ 
flaginac 
a 
flagin 
+ 


flaginac 
+ 


+ 10 c.e. 
of water. 





je) 

% 
+8. | 

3 


=o) i=) 
ao fF 

+343 +09 
=) Bp =o 
2 » i=) 
QO fe} 














+] cc. 
of water. 


(fl) 
aa 
flaginac 





Number of B. Coli (or coli-like microbes). 


+ ‘1 ce. 
of water. 
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TABLE VIII. 


FILTERED WATER TANK AND WELLS OF BEDS 1 TO 6. 


NoumsBer or B. Coit (or CoLi-LIKE MICROBES). 


Description of the Sample. 





(3) 1. 
(4) 2. 
(5) 3. 
(7) 4. 
(8) 5. 
(9) 6. 
(12) 7. 
(13) 8. 
(16) 9. 
{19) 10. 
(22) 11, 
4A) 12. 
(B) 13. 
{C) 14. 


Well of bed No. 5 - - 
Well of bed No. 4 - 
Filtered water tank - - 
Well of bed No. 3 - 
Filtered water tank = - 
Well of bed No. 1 
Well of bed No. 2 
Filtered water tank - - 
Filtered water tank - - 
Wellof bed No.5 -~ - 
Well of bed No. 6 - 
Well of bed No.2 - 
Well of bed No. 3 - - - 
Well of bed No.4 - 


{B4)15. Well of bed No.1 - - 


{B 6) 16. ‘Filtered water tank - 


(B7)17. Well of bed No. 2 - 


{B 13) 18. Well of bed No. 3 - 


‘{B 20) 19. Well of bed No. 4 - : 


{B 49) 20. Well of bed No. 5 - - 


4B 65) 21. Well of bed No. 1 - 


-(B 66) 22. Filtered water tank - 


-{B 72) 23. Well of bed No. 2 - - 


(B 80) 24. Wellofbed No.3- — - 


{B 86) 25. Well of bed No. 4 - - 


(B 92) 25. Well of bed No. 5 - - 


-(B 101) 
-(B 102) 
-(B 120) 
(B 121) 
(B 132) 
-(B 140) 
(B 147) 


27. Filtered water tank - 
28. Well of bed No. 6 - 
29. Filtered water tank - 
30. Well of bed No. 1 - 
31. Well of bed No. 2 - 
32. Well of bed No. 4 - 
33. Well of bed No.5 — - 


19/2/05 
19/2/05 
19/2/05 
20/2/05 
20/2/05 
20/2/05 
20/2/05 
21/2/05 
29/2/05 
29/2/05 
23/2/05 
25/2/05 
25/2/05 
25/2/05 

6/3/05 

7/3/05 

7/3/05 

8/3/05 


10/3/05 
15/3/05 


17/3/05 
17/3/05 
18/3/05 
20/3/05 
21/3/05 
22/3/05 
23/3/05 
23/3/05 
27/3/05 
27/3/05 
29/3/05 
30/3/05 


31/3/05 





Number of B. Coli (or coli-like microbes). 





+ 100 c.e. 
of water. 


| 


+ 10 c.e. 
of water. 


= eve. 
of water. 





flaginac 
ae 
flaginac 


flaginac 


4- 


flaginac 


+ 


flaginac 


aL 


flagin 


+ 


| 


flaginac 


flaginac 
+ 

flaginac 
+ 

flaginac 
+ 


flaginac 


flaginac 


flaginac 
+ 

fl(ag)in 
+ 














flaginac 
+ 




















See ee ee 
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TABLE IX. 


MAIN TAP SAMPLES, COLLECTED FROM A LARGE NUMBER OF PLACES WITHIN THE AREA OF SUPPLY 


Numsper oF B. Cort (or CoLi-Like MICROBES). 








Description of the Sample. 





(23) 1. 


Creston Villas - 4 


Main Tap Samples. 











23/2/05 
(25) 2. Creston Villas” - - : - 2 
24/2/05 
(B 9) 3. 5, Fairfax Street, Bracebridge - - 
7/3/05 
(B 10) 4. 60, Waterloo Street, New Boultham 
; 7/3/05 
(B11) 5. Ward’s Passage, Dane’s Gate - - 
7/3/05 
(B 12) 6. 1, Eleanor Street (off Bargate) - 
7/3/05 
(B 16) 7. 1, Temperance Place - - 
8/3/05 
(B17) 8. 3, Alexandra Terrace - - 
8/3/05 
(B 18) 9. 23, Sewell’s Walk - - - - 
8/3/05 
(B19) 10. 14, Cranwell Street - - - 
8/3/05 
(B 22) 11. 16, Earl’s Street - - - - 
9/3/05 
(B 23) 12. 66, St. Andrew’s Street - - - 
9/3/05 
(B 24) 13. 10, Picton Street, N. Boultham = - 
9/3/05 
(B 25) 14. 1, Hardinge Street, N. Boultham - 
9/3/05 
(B 28) 15. Portland Arms, Portland Street - 
10/3/05 
(B29) 16. 18, Chaplin Street 3 eae 
10/3/05 

(B 31) 17. 28, Alfred Street - - - - | 
10/3/05 
(B 32) 18. 12, Peel Street = = : - 
10/3/05 
(B 37) 19. Otters’ Cottages, Newark Road - 
13/3/05 
(B 38) 20. 10, Stanley Street, Newark Road - 
13/3/05 
(B 39) 21. 27, Millon Street, Newark Road - 
13/3/05 
(B 40) 22. 13, Webb Street - - 
13/3/05 
37, Cheviot Street, Monk’s Road. - 


(B 41) 23. 


14/3/05 


+ 100 e.c. 
of water. 


flaginac 


ao 


flaginac 
+ 


flaginac 
+ 


fi(ag) 
a 


flaginac 


aL 


flagin 


flaginac 
a 


Number of B. Coli (or coli-like microbes). 


+110 c.c. 
of water. 


+ 1 c.c. 
of water. 





flag 





flagac 





fl (ag) 
aL 





























el 
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TABLE [X—continued. 
MAIN TAP SAMPLES, COLLECTED FROM A LARGE NUMBER OF PLACES WITHIN THE AREA OF SUPPLY. 


Noumper or B. Coit (OR COLI-LIKE MICROBES). 


Number of B. Coli (or coli-like microbes). 





Description of the Sample. 





























+ 100 c.c. + 10 c.c. al A 
of water. of water. of water. 
(B 42) 24. 39, Cheviot Street, Monk’s Road - face 
14/3/05 — 
| } 
{B 44) 25. 5, Colerby Street - Se - — | 
14/3/05 
{B 45) 26. 31, Broadgate - - - — | | 
14/3/05 
} 
(B 52) 27. Occupation Road, Burton Road - _ 
15/3/05 
{B 53) 28. 95, Milne Road, Burton Road - = 
15/3/05 
{B 54) 29. Comer Yarborough Road and flaginac 
Burton Road. : 15/3/05 = ig _ 
{B 55) 30. 3, St. Michael’s Terrace - - — 
15/3/05 
({B 59) 31. Kent House, Risecholme Road - = 
16/3/05 
4B 60) 32. 89, Newport - - - - - a 
16/3/05 
(B 61) 33. 58, Rasen Lane - - - - — 
16/3/05 
(B 62) 34. 4, St. Paul’s Lane - p = Lae 
16/3/05 
B 68) 35. 24, Ripon’s Street 2 = = 
17/3/05 
4{B 69) 36. 11, Thesiger Street - - - = . | 
17/3/05 
{B 70) 37. 129, Canwick Road - - a 
17/3/05 
4B 71) 38. 41, South Park - - - fl fl 
17/3/05 =f et — 
4B 73) 39. 13, Great Northern Terrace - - fl 
18/3/05 “f- 
{B 74) 40. 17, Clifton Street - - - — oe: 
18/3/05 yeas | 
4B 75) 41. 63, Coultham Street - - = 
18/3/05 
{B 76) 42. 23, Gouling Street - - - flaginac 
18/3/05 = — a 
4B 82) 43. 17,Gresham Street - -~ - 2 
: 20/3/05 
(B 83) 44. 123, Newland Street West - - flag 
20/3/05 rt — 
{B 84) 45. 87,Cartholme Road - - - - 
20/3/05 
{B 85) 46. 2, Brayford Head - 2 2 a 
20/3/05 
(B 88) 47. Repetition of (B 24) 13 - - - flagin(ac) 
21/3/05 ak on 
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TABLE IX. 
MAIN TAP SAMPLES, COLLECTED FROM A LARGE NUMBER OF PLACES WITHIN THE AREA OF SUPPLY. 


NumsBer oF B. Cott (oR CoLi-LIkKE MIcroBEs). 








Number of B. Coli (or coli-like microbes). 





Description of the Sample. 


+100 c.c. 
































+10 c.c. +1 c.c. +l oe + 01 c.c. 
of water. of water. of water. of water. of water. 
(B 89) 48. Repetition of (B 54) 29 - . - a 
21/3/05 
(B 90) 49. Repetition of (B16)7 - - - fl 
21/3/05 4 B2 
(B 91) 50. Repetition of (B 40) 22 - - - flagac 
22/3/05 + Lupe 
(B 97) 51. Repetition of (B 42) 24 - - - es 
22/3/05 | 
(B 98) 52. Williams’ Square Bridge Street - = 
22/3/05 
(B 99) 53. Repetition of (B 73) 39 - - - flaginac 
22/3/05 -- 2. 
(B 100) 54. Repetition of (B 76) 42 - - pa 
22/3/05 
(B 103) 55. Repetition of (B9)3 - - - — 
23/3/05 
(B 104) 56. 153, Bracebridge - - - - = 
23/3/05 
(B 105) 57. Repetition of (B 71) 38 - - a= 
23/3/05 i 
(B 106) 58. Repetition of (B18) 9 - - - z= 
23/3/05 
(B 109) 59. 145, West Parade “- -~ - flagin 
24/3/05 i ts 
(B 110) 60. Eagle House, H. Road - . = 
24/3/05 
(B 111) 61. 41, Richmond Road - - - eed 
25/3/05 
(B 112) 62. 13, Yarborough Road - - - —- 
25/3/05 | 
(B 113) 63.° Sandfield House, Crosscliffe Hill - £2 
25/3/05 
(B 114) 64. Cottage at Crosscliffe Reservoir - — 
25/3/05 
(B 116) 65. 4, High Street - - 2 2 ie 
25/3/05 
(B 117) 66. Riversmere, Colgrave Street - a 
25/3/05 
(B 123) 67, Last house in Greetwell Road - — 
27/3/05 
(B 124) 68. . St. Giles’ Farm, Wragby Road - — | 
27/3/05 
(B 125) 69. 10, Langworth Gate - = DRE oe a 
27/3/05 
(B 126) 70. Nightingale Inn, Nettleham Road = 
27/3/05 
(B 128) 71. 9, Edna Street - - ‘ 2 ze 
28/3/05 
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TABLE IX—continued. 


MAIN TAP SAMPLES, COLLECTED FROM A LARGE NUMBER OF PLACES WITHIN THE AREA OF SUPPLY. 


NumsBer oF B. Cort (oR COLI-LIKE MICROBES). 





Description of the Sample. 


Number of B. Coli (or coli-like microbes). 





-+ 100 c.c. 
of water. 





(B 129) 72. 20, Martin Street - - 2 
28/3/05 | 
(B 130) 73. 35, Norris Street - : - : | 
28/3/05 | 
(B 131) 74. 6, Lancaster Place - - : 
28/3/05 | 
(B 135) 75. 12, Newton Street - - - | 
29/3/05 
(B 136) 76. Peart’s Cottage, Norman Street : 
29/3/05 | 
(B 137) 77. Gadsby Court - - - - 
29/3/05 | 
(B 138) 78. Napoleon Place - - - - 
29/3/05 
(B 143) 79. 38, Queen Street - : - - 
30/3/05 
(B 144) 80. 5, Knight’s Terrace’ - : - 
30/3/05 | 
(B 145) 81. 38, Little Bargate Street = - . 
30/3/05 | 
(B 146) 82. 21, High Street - - : - | 
30/3/05 
(B 150) 83. 19, Tennyson Street - - - 
31/3/05 
{(B 151) 84. 11, Ely Street - - - - 
; 31/3/05 
(B 152) 85. 17, May Crescent - : : 
31/3/05 
(B 153) 86. 6, Yarborough Terrace - - 
31/3/05 
(B 156) 87. 16, Altham Terrace” - : : 
. 3/4/05 
(B 157) 88. 7, Derby Street - - - - 
3/4/05 
(B 158) 89. 5, Weir Street - S é 3 
; 3/4/05 
(B 159) 90. Western Lodge, St. Catherine’s 
Road. 3/4/05 
(B 165) 91. Repetition of (B 40) 22 and 
(B 91) 50. 4/4/05 
(B 166) 92. 29, Sydney Street “ 3 = 
4/4/05 


(B 169) 93. Repetition of (B 73) 39 and 


(B 99) 53.7 5/4/05 

(B 170) 94. Repetition of (B 16) 7 and 
(B 90) 49. i We ee BLO 

(B 173) 95. Repetition of (B83)44- 
6/4/05 


6225,---App. TNS 








flaginac 
+ 



































+10 c.c. +1 c.c. + ‘le.c. +°01 ¢.e. 
of water. of water. of water. of water. 
flagin 
a 2 
\ 
| 
| 
& 
i} | ! 
j 
| , 
| 
| 
i 
\ 
{ 
| 
| 
| 
| 
‘ 
\ | 
H { 
| ] 
| 
| 
} | E 
4 
1 | 
} ' | 
| 
/ | 
i | 
H | 
{ 
; 
| | 
j | 
| 
| | 
| 
U 
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TABLE IX—contenued. 
MAIN TAP SAMPLES, COLLECTED FROM A LARGE NUMBER OF PLAGES WITHIN THE AREA OF SUPPLY 


Numper or B. Cort (or Cort LIkE MICROBES). 





Description of the Sample. 





(B 174) 96. Repetition of (B 109) 59 


6/4/05 

(B 175) 97. Scullery at workhouse - : - 
6/4/05 

(B 180) 98. Repetition of (B 24) 18 and 
(B 88) 47. 7/4/05 

(B 182) 99. Repetition of (B 175) 97 - - 
8/4/05 

(B 189) 100. 13, Vernon Street = - - - 
11/4/05 

(B 190) 101. 21, Anchor Street = - - - 
11/4/05 

(B 193) 102. Repetition of (B 130) 73 - - 
12/4/05 

(B 194) 103. Repetition of (B 138) 78 - - 
12/4/00 

(B 197) 104. 14, Napier Street - : : 
13/4/05 

(B 198) 105. 6, Arboretum View - - - 
13/4/05 

(B 201) 106. 11, Swanpool Street - - - 
14/4/05 

(B 210) 107. Blandell’s Court - - - 
18/4/05 

(B 211) 108. 9, Hall’s Yard - ‘ . és 
18/4/05 

(B 214) 109. 52, Bail Gate - : 3 z 
19/4/05 

(B 215) 110. 10, Chapel Lane - - 
19/4/05 

(B 217) 111. 23, Featherley Place- - ~  - 
20/4/05 


(B 218) 112. Chemist’s shop, corner High 


Street and Henley Street. 20/4/05 
(B 221) 113. St. Martin’s Row : : - 
26/4/05 

(B 222) 114. Brumitts Court - - - - | 
26/4/05 
(B 226) 115. 5, Shakespeare Street - - 
27/4/05 
(B 227) 116, Ashton’s Court, High Street = - 
27/4/05 
(B 230) 117. 376, High Street - - 
28/4/05 
(B 241) 118. 22, Mint Lane - - - - 
3/5/05 
(B 242) 119. 334, Hun Gate - - - 
3/5/05 


(B 245) 120. Glory Hole - 


4/5/05 

















+ 100 c.c. 
of water. 


+m 


4+ = 


+ 


+ 10 c.c. 
of water 

















+1¢c..¢. 
of water. 


+ ‘lec. 
of water. 


























ce 


Number of B. Coli (or coli-like microbes). 


+ ‘Ol c.c. 
of water. 


~ 
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TABLE [X—continued. 
MAIN TAP SAMPLES, COLLECTED FROM A LARGE NUMBER OF PLACES WITHIN THE AREA OF SUPPLY. 


Noumser or B. Cort (on CoLi-LIKE MICROBES). 








Number of B. Coli (or coli-like microbes). 


Description of the Sample. Ch ne ROE san eM Soe RC CONNOR 











= 1 O0reic; + 10 c.e. sie EO te boxe ee Ly Gre: 
of water. of water. of water. of water. of water. 
(B 246) 121. 6, Unity Square - - - =e, | 
4/5/05 | 
(B 249) 122. 7,Milllane - - =| - Pe | | 
5/5/05 : | 
(B 250) 123. 2, Water Lane - - - - — 
5/5/05 | | 
(B 257) 124. Repetition of (B 218) 112 - - “a | ave 
9/5/05 | | 
(B 263) 125. Repetition of (B190)101 - -| fi (ag) | 
11/5/05 ks OE: 
(B 267) 126. Repetition of (B 242) 119 .- - flaginac 
12/5/05. 3 = 








(B 273) 127. Repetition of (B 190) 101 and — 
(B 263) 125. 16/5/05 


(B 280) 128. ae of (B 242) 119 and flaginac 
(B 267) 126. 19/5/05 4 oS 


(B 288) 129. Repetition of (B 242) 119, (B 267) flaginac 
‘126 and (B 280) 128. 25/5/05 = ae 


(B 343) 130. Repetition of (B 288) 129, (B 242) al 
119, (B 267) 126, (B 280) 128. 12/7/05 


(482). Sample from Waterworks Office tap - Lb 
8/3/06 


(485). Sample from tap in Dixon’s Chemist a 
Shop, High Street. 15/3/06 


(487). Sample from tap in Municipal Technical — 
School. 19/3/06 


(489). Sample from Barham’s Shop, Silver = 
Street. 22/3/06 





(492). Sample from tap in Police Yard - - ee 
26/3/06 


(495). Sample from Taylor's Court, High a 
Street. 29/3/06 


(497). Sample from the Yard, Waterside . a 
2/4/06 


(499). Sample from Corporation Office - = & | 
6/4/06 


(500). Sample from tap, Danes Gate - 2 ae 
9/4/06 


(505). Sample from Goulson’s tap, Waterside =f 
23/4/06 


(508). Sample from Waterworks Store Yard, age 
Brayford Side. 26/4/06 





(510). Sample from 57, St. Catherine’s Grove flaginac 
30/4/06 + = 


(512). Sample from _Cooper’s tap, High Street = 
3/5/06 


(514). Sample from_6, Muck Lane : ame Le 
8/5/06 

















bo 


6225—App. IV. U 
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TABLE X. 


‘ MAIN TAP WATER, RISING MAIN AT WORKS. 


Numper or B. Cort (or CoLi-LikKE MICROBES). 


er ee 


Description of the Sample. 


Number of B. Coli (or coli-like microbes). 


























+ 100 c.c. + 10 ¢.c. + lee. fh G.6; 
of water. of water. of water. of water. 
(A 6) 1. Main tap at works - - - - flaginac 
12/2/05 = — 
(A 10) 2. Main tap at works - - - - flaginac flagin 
13/2/05 ~ + . 
(A 12) 3. Main tap at works - - - - flaginac 
14/2/05 + — 
(A 16) 4. Main tap at works - - - - flaginac 
15/2/05 + — 
(A 17) 5. Main tap at works - : - - flaginac flaginac 
17/2/05 a — -- 
(B 1)6. Main tap at works - - - - — 
4/3/05 
(B21) 7. Main tap at works - - - - — 
9/3/05 
(B 27) 8. Main tap at works - - - - flaginac 
10/3/05 a =~ 
(B 36) 9. Main tap at works - - - - — 
13/3/05 
(B 46) 10. Main tap at works - - - — 
14/3/05 
(B 50) 11. Main tap at works - - - sas 
15/3/05 
(B 58) 12. Main tap at works - - - — 
16/3/05 
(B 67) 13. Main tap at works - - - — 
17/3/05 
(B 78) 14. Main tap at works : 5 == 
19/3/05 
(B 81) 15. Main tap at works = - c oe 
20/3/05 
(B 87) 16. Main tap at works - - - — 
4 21/3/05 
(B 96) 17. Main tap at works - : - — 
22/3/05 
(B 107) 18. Main tap at works - - - = 
23/3/05 
(B 108) 19. Main tap at works > - - —_— 
24/3/05 
(B 119) 20. Main tap at works - - — 
26/3/05 ; 
(B 122) 21. Main tap at works” - : - flaginac 
27/3/05 + a 4 
(B 127) 22. Main tap at works - - = os i | 
28/3/05 
(B 134) 23 Main tap at works - - : ee 
29/3/05 


(3 149) 24. Main tap at works = - 





31/3/05 








| SS eS 











+ ‘01 c.c. 
of water. 
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TABLE X—continued. 


MAIN TAP WATER, RISING MAIN AT WORKS. 


Numser or B. Cott (oR CoLi-LIkE MIcRoBEs). 





(B 160) 25. 


(B 167) 26. 


(B 172) 27. 


(B 177) 28. 


(B 181) 29. 


(B 183) 30. 


(B 184) 31. 


(B 188) 32. 


(B 191) 33. 


(B 196) 34. 


(B 199) 35. 


(B 202) 36. 


(B 203) 37. 


(B 204) 38. 


(B 212) 39. 


(B 219) 40. 


(B 224) 41. 


(B 228) 42. 


(B 231) 43. 


(B 232) 44. 


(B 233) 45. 


(B 237) 46 


(B 239) 47. 


(B 244) 48. 


Description of the Sample. 





Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 





Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 





Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Epa 


Main tap at works 


3/4/05 
5/4/05 
6/4/05 
7/4/05 
8/4/05 
9/4/05 
10/4/05 
11/4/05 
12/4/05 
13/4/05 
14/4/05 
15/4/05 
16/4/05 
17/4/05 
19/4/05 
20/4/05 
27/4/05 
28/4/05 
29/4/05 
30/4/05 
1/5/05 
2/5/05 
3/5/05 


4/5/05 





Number of B. Coli (or coli-like microbes). 





+ 100 e.c. + 10 c.e. +1 ce.c. + -Lle.c + -O1 c.c. 
of water. of water. of water. of water of water. 
flagac 

+ ons 

fl 

+ ae 

fl 

+ eae 

fl flaginac 

oe ap _ 

fl 

4 = 
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TABLE X—continued. 
MAIN TAP WATER, RISING MAIN AT WORKS. 


NoumBer oF B. Coit (oR COLI-LIKE MicroBss). 





Number of B. Coli (or coli-like microbes). 








SS 



































Description of the Sample. 
+ 100 c.c. - 10:¢.c. + 1 ce. + ‘1 c.c. + “Obece, 
of water. of water. of water. of water. of water. 
(B 247)°49. Main tap at works” - : - — 
5/5/05 
(B 252) 50. Main tap at works - . - = 
7/5/05 
(B 253) 51. Main tap at works” - : - — 
8/5/05 
(B 255) 52. Main tap at works - : - flaginac 
9/5/05 — 
(B 258) 53. Main tap at works - - - =— 
10/5/05 
(B 261) 54. Main tap at works - - - a 
11/5/05 
(B 264) 55. Main tap at works - - - -- 
12/5/05 
(B 268) 56. Main tap at works = - . - fl 
15/5/05 ae — 
(B 271) 57. Main tap at works - : 4 aed 
16/5/05 
B 274) 58. Main tap at works - - . = 
( ) P 
17/5/05 
(B 277) 59. Main tap at works  - - - ae 
18/5/05 
(B 279) 60. Main tap at works = - - : a 
19/5/05 
B 282) 61. Main tap at works - - - — 
( P 
22/5/05 
(B 283) 62. Main tap at works - - . flaginac 
23/5/05 “f — L 
5) 63. Main tap at works - : ~ ae 
(B 285) 63. Main tap kk 
24/5/05 
(B 287) 64. Maintapatworks - -  - m3 
25/5/05 
(B 289) 65. Main tap at works - - és uae 
26/5/05 
(B 292) 66. Main tap at works : E : 
29/5/05 
(B 293) 67. Main tap at aah oS : = 2 =e 
30/5/05 
(B 29+) 68. Main tap at works 3 i s an: 
31/5/05 
(B 296) 69. Main tap at works - - - = : 
1/6/05 
(B 298) 70. Main tap at works — - - - — 
2/6/05 
(B 301) 71. Main tap at works : - = = 
5/6/05 
(B 302) 72. Main tan at works — - - - — | 
6/6/05 








ee ee Se ee Seen een eee ee 





(B 305) 73. 
(B 307) 74. 
(B 310) 75. 
(B 312) 76. 
(B 318) 77. 
(B 320) 78. 
(B 323) 79. 
(B 325) 80. 
(B 326) 81. 
(B 331) 82. 
(B 336) 83. 
(B 339) 84. 
(B 351) 85. 
(B 353) 86. 
(B 354) 87. 
(B 355) 88. 


(B 358) 89. 


(359) 90. 


(361) 91. 


(362) 92. 


(365) 93. 


(367) 94. 


(368) 95. 


(370) 96. 


Main tap at works 
Main tap at works 
Main tap at works 


Main tap at works 


Main tap at works 
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TABLE X—continued. 


MAIN TAP WATER, RISING MAIN AT WORKS. 


NumBer or B. Cort (orn CoLi-LIkKE MICROBES). 


Description of the Sample. 





Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap . works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 


Main tap at works 


Main tap at works - 


Main tap at works - 


7/6/05 
14/6/05 
15/6/05 
16/6/05 
29/6/05 
23/6/05 
28/6/05 
29/6/05 
30/6/05 
5/7/05 
7/7/05 
10/7/05 
18/7/05 
20/7/05 
21/7/05 
Baie 
28/7/05 

8/8/05 
10/8/05 
17/8/05 
18/8/05 
22/8/05 
24/8/05 


29/8/05 





+ 100 c.c. 
of water. 


flagac 
aL 


flagin (ac) 
a 


flaginac 
a 


flaginac 
= 


flaginac 
ae 


(ag) (ac) 
a 


fl (ag) 
a 


flag 
oe 


(fl) 
+ 


(fl) aginac 
a 





flaginac 
+- 














+ 10 c.c. 
of water. 


flag 


flaginac 


(fl) 
+ 


(fl) aginac 
+ 





(fl) aginac 
+ 


+1 c.c. 
of water. 


402) 














Number of B. Coli (or coli-like microbes). 





+ ‘1 c.c. 
of water. 





+ -01 c.c. 
of water. 
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TABLE X—continued. t 
MAIN TAP WATER, RISING MAIN AT WORKS. 


NumBer or B. Cort (oR CoLi-LikE MICROBES). 





Number of B. Coli (or coli-like microbes). 



































ipti f the Sample. | 
as ee eee + 100 c.c. i 10 ¢.@; ao Lhe. + “1 cc, + “Ol c.c. 
of water. of water. of water. of water. of water. 
(371) 97. Main tap at works - - - - (fl) ag 
30/8/05 ae — 
(373) 98. Main tap at works - - - - — 
5/9/05 
(374) 99. Main tap at works - - - - — 
6/9/05 
(376) 100. Main tap at works - . - — | 
13/9/05 
(377) 101. Main tap at works - - : flaginac | 
15/9/05 “+ — 
(379) 102. Main tap at works - - - — 
19/9/05 
(380) 103. Main tap at works - - - — 
20/9/05 
(382) 104. Main tap at works - - - — 
26/9/05 q 
(383) 105. Main tap at works - - - — . 
27/9/05 
(384) 106. Main tap at works - aso ees — 
28/9/05 
(386) 107. Main tap at works - = < == 
3/10/05 
(387) 108. Main tap at works - - - — 
4/10/05 
(389) 109. Main tap at works - - - fl 
10/10/05 + Zs 
(391) 110. Main tap at works = fag - = A 
11/10/05 
(393) 111. Main tap at works - - - = 
17/10/05 | | 
(394) 112. Main tap at works - - - — 
18/10/05 | q 
(395) 113. Main tap at works - - - — 
24/10/05 
(396) 114. Main tap at works - - - | fi (ag) ac | 
25/10/05 ote — | *. : 
(400) 115. Main tap at works: - - - — | | 
1/11/05 | 
(404) 116. Maintapatworks - - - a | 
3/11/05 | waned : 
(405) 117. Main tap at works Bo, flagin fl | 
6/11/05 + a6 | ~~ | g 
(406) 118. Main tapat works - - -| (fl) aginac (fl) 3 
8/11/05 +- - | — | 
(408) 119. Main tap at works - - flaginac fl | 
- 10/11/05 E “i 7 | 
(409) 120. Main tap at works - - - flaginac | 
11/11/05 + ae 








~~! 


(410) 121. 


(412) 122. 


(413) 123. 


(414) 124. 


(415) 125. 


(417) 126. 


(418) 127. 


(419) 128. 


(420) 129. 


(422) 130. 


(423) 131. 


(424) 132. 


(426) 133. 


(427) 134. 


(428) 135. 


(429) 136, 


(430) 137. 


(431) 138. 


(482) 139. 


(433) 140. 


(434) 141. 


(436) 142. 
(437) 143. 


(438) 144. 


MAIN TAP WATER, RISING MAIN AT WORKS. 
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TABLE X—continued. 


NoumBer or B. Cort or Cont-L1kKE MIcroBEs. 





Description of the Sample. 








Number of B. Coli (or coli-like microbes). 





Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


Main tap at works 


6225—App. IV. 














+ 100 c.c. + 10 c.c. + 1 ¢.c. “Bae: Cle 
of water. of water. of water. of water. 
: : : flaginac flaginac 
13/11/05 + + —= 
- ? - flaginac (fl)ag(in)ac (fl)aginac (flaginac 
14/11/05 - aa af it 26 
: : - flaginac fl 
16/11/05 a5 ns = 
= : - flaginac flaginac 
17/11/05 + ai 22 
- - - | (fl) aginac 
21/11/05 he 2d 
: 7 : flaginac flaginac 
22/11/05 + 4. re 
ie (fl) ag 
23/11/05 + a 
- : : flaginac 
24/11/05 ar ab, 
- - +]  flaginac flaginac 
28/11/05 a oY as 
: - : flaginac flaginac flaginac 
29/11/05 a + oo we 
: 3 : flaginac flaginac flaginac flaginac 
30/11/05 + + af aT 
2 : : flaginac flaginac flaginac 
1/12/05 + ue ae itz 
: : - | (fl) aginac flaginac 
5/12/05 + + — 
2 : 3 flaginac fl 
6/12/05 ae =p pith 
= ; - flaginac 
7/12/05 + =e 
- = > flaginac 
8/12/05 ee eRe 
12/12/05 
13/12/05 
14/12/05 
: S 3 flaginac 
15/12/05 ” mie 
19/12/05 
20/12/05 
21/12/05 Bi 
22/12/05 











or CL ..6 
of water. 
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TABLE X.—continued 
“MAIN TAP WATER, RISING MAIN AT WORKS. 


NumBer oF B, Com (oR CoLI-LIKE MICROBES). 








a 























Number of B. Coli (or coli-like microbes). 
eae 2 ge eee 
Description of the Sample. 
+ 100 c.c. +10.0.c. + 1le.e. + ‘1 cc. + ‘01 c.c. 
of water. of water. of water. of water. of water. 
ee sea se Ss a ret 
(439) 145. Main tap at works - - - ats 
27/12/05 
(440) 146. Main tap at works - = = aa” 
28/12/05 
(441) 147. Main tap at works - - - wy. 
29/12/05 
(442) 148. Main tap at works - - - flaginac flaginac 
2/1/06 + ++ ee: 
(443) 149. Main tap at works - - - flaginac 
3/1/06 + 5 
(444) 150. Main tap at works - - - flaginac 
4/1/06 + ke 
(445) 151. Main tap at works - : - = 
5/1/06 
(446) 152. Main tap at works - - - — 
9/1/06 | 
| 
(447) 153. Main tap at works : - - flaginac | 
10/1/06 + | eS 
(448) 154. Main tap at works - ; flaginac 
11/1/06 =f me: 
(449) 155. Main tap at works . - - = | 
12/1/06 
4450) 156. Main tap at works - - - —- 
15/1/06 
(453) 157. Main tap at works - - - =" 
16/1/06 
(454) 158. Main tap at works - - - =e 
17/1/06. 
(455) 159. Main tap at works 2 : pa 
18/1/06 
(456) 160. Main tap at works : 2 3 ae 
19/1/06 
(457) 161. Maintapatworks - - - o4 4 
23/1/06 
(458) 162. Main tap at works = = - af 
24/1/06 
{459) 163. Main tap at works - 2 2 se os 
25/1/06 
(460) 164. Main tap at works - - - = 
26/1/06 . 
(461) 165. Main tap at works - - - a | 
30/1/06 | 
(462) 166. Main tap at works - : : ae | 
31/1/06 
(463) 167. Main tap at works : E =: 
1/2/06 
(464) 168. Main tap at works - . : a3 
2/2/06 \ 
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TABLE X—continued. 
MAIN TAP WATER, RISING MAIN AT WORKS. 


NoumBer oF B. Cot (oR COLI-LIKE MICROBES). 





Number of B. Coli (or coli-like microbes). 





























Description of the Sample. 
+100 c.c. #110 \c.c. “tk '@.¢, +l oc, OL. ¢.c. 
of water. of water. of water. of water. of water. 
(466) 169. . Main tap at works - - - — 
7/2/06 | 
(467) 170. Main tapatworks - - - oe) ant | 
8/2/06 ; 
(468) 171. Main tap at works Dy nat ae Sa | 
9/2/06 
(469) 172. Main tap at works - - - ao | 
13/2/06 | 
| 
(470) 173. Main tap at works - 2 - = 
14/2/06 
(471) 174. Main tap at works - 3 : aint 
15/2/06 I 
(472) 175. Main tap at works - - : = | 
16/2/06 . 
! ; 
(473) 176. Main tap at works - - - — | 
20/2/06 
(474)177. Main tap at works - - . =< t* 
21/2/06 : 
(475) 178. Main tap at works A irae s pa L 
22/2/06 
(476) 179. Main tap at works - t ; a 
23/2/06 | 
(477) 180. Main tap at works - - A — | 
27/2/06 | 
(478) 181. Main tap at works - - - — | 
28/2/06 | | 
(479) 182. Main tap at works - . 3 ee e 
1/3/06 
(480) 183. Main tap at works Shige Rg yee ae | 
2/3/06 | 
(481) 184. Main tap at works - 4 - as 
6/3/06 | 
(482) 185. Main tap at works - - 5 a | 
8/3/06 
(483) 186. Main tap at works - Spee = 
9/3/06 
(484) 187. Main tap at works - - 2 et 
13/3/06 
(485) 188. Main tapatworks - - - es 
15/3/06 | 
(486) 189. Main tap at works nae = = 
16/3/06 
(488) 190. Main tap at works - : Se 
20/3/06 
(491) 191. Main tapatworks - -  - x 
23/3/06 
(493) 192. Main tap at works - 2 . = 
27/3/06 | 








6225—App. IV. X2 
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TABLE X—continued. 


MAIN TAP WATER, RISING MAIN AT WORKS. 


Numper or B. Cort (oR CoLt-LikE MicRroBEs). 


ST sage a A ee a 


he es ee eS SS SS 


(496) 193. 
(498) 194. 
(AY 195. 

(501) 196. 
(502) 197. 
(503) 198. 
(504) 199. 
(506) 200. 


(509) 201. 


(513) 203. 
os 

(515) 204. 
(516) 205. 
(517) 206. 
(518) 207. 
(519) 208. 
(520) 209, 
_(521) 210. 
(522) 211. 
(523) 212. 
(524) 213. 
(526) 214. 
(527) 215. 


(528) 216. 


Description of the Sample. 


Main tap at works 


Main tap at works 


Main tap at works - 


Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main we at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 


Main tap at works 


30/3/06 


3/4/06 


5/4/06 


11/4/06 
18/4/06 


19/4/06 


20/4/06 | 


24/4/06 
27/4/06 


1/5/06 


4/5/06 


8/5/06 
16/5/06 
23/5/06 
30/5/06 

6/6/06 
14/6/06 
20/6/06 
27/6/06 

4/7/06 
11/7/06 
18/7/06 


25/7/06 


27/7/06 





—— 


+ 100 c.c. 
of water. 





+ 











+0 


(fl) (ag) 


+ 10 c.c. 
of water. 


1 





+1 c.e. 
of water. 























Number of B. Coli (or coli-like microbes). 


+ lee. 
of water. 








+ -01 e.e. 


of water. — 


A 
or sd 





(529) 217. 


(530) 218. 


(531) 219. 


(532) 220. 


(533) 221. 


(534) 222. 


(535) 223. 


(536) 224. 


(538) 225. 


(539) 226. 


(540) 227. 


(541) 228. 


(542) 229. 


(543) 230. 


(548) 231. 


(553) 232. 


(554) 233. 


(555) 234. 


(556) 235. 


(557) 236. 


(558) 237. 


(559) 238. 


(560) 239. 


(561) 240. 


MAIN TAP WATER, RISING MAIN AT WORKS. 
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TABLE X—continued, 


NuMBER oF B. Coit (oR COLI-LIKE MICROBES). 


Description of the Sample. 


Main tap at works . 
Main tap at works - 
Main tap at works 

Main tap at works ~— - 


Main tap at works - 





Main tap at works” - 
Main tap at works - 
Main tap at works - 
Main tap at works - 
Main tap at works 

Main tap at pois - 
Main tap at works - 
Main tap at works - 
Main tap at works - 
Main tap at works - 
Main tap at works - 
Main tap at works - 


Main tap at works - 





Main tap at works 

Main tap at works - 
Main tap at works - 
Main tap at works - 
Main tap at works - 


Main tap at works . 


31/7/06 
3/8/06 
7/8/06 

10/8/06 

14/8/06 

17/8/06 

22/8/06 

24/8/06 


28/9/06 
3/10/06 
5/10/06 
10/10/06 
12/10/06 
17/10/06 
19/10/06 
23/10/06 
26/10/06 
31/10/06 
2/11/06 
7/11/06 
8/11/06 
14/11/06 
16/11/06 


22/11/06 





+ 100 ¢c.c. 
of water. 


(fl) agac 
+ 

(fl) ac 
we 


(fl) 
+ 


flaginac 


a. 


flaginac 
+ 


flaginac 
-l- 


flaginac 
oie 


flaginac 
+ 


flaginac 
+ 


fl (ag) 
+ 


flaginac 
4- 


flaginac 
a 


flaginac 
+ 


(fl) 
+ 


flaginac 
— 








+ 10 c.c. 
of water. 


fl (2g) inac 
+ 


flaginac 
a 


flaginac 
+ 


flaginac 
+ 


flaginac 
+ 


(fl) ag (ac) 
+ 


flaginac 
+ 


flaginac 
o- 





+ 1 e.e. 
of water. 


—_ 


flaginac 
+ 


flaginac 
+ 


flaginac 


+ 


flaginac 


+ 





Number of B. Coli (or coli-like microbes). 


+ 1 c.c. 
of water. 








flaga> 











+° "O01 c.c. 
of water. 


ra elo tia a ee ee ee 
(562) 241. 


(563) 242. 
(564) 243. 
(565) 244. 
(567) 245. 
(568) 246. 
(569) 247. 
(570) 248. 
(571) 249. 
(572) 250. 
(573) 251. 
(574) 252. 
(575) 253. 
(576) 254. 
(577) 255. 
(578) 256. 
(579) 257. 
(580) 258. 


(581) 259. 


(582) 260. 


(583) 261. 
(584) 262. 
(585) 263. 
(586) 264. 
(587) 265. 
(588) 266. 
(589) 267. 
(590) 268. 


(591) 26S. 


Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at wroks 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 
Main tap at works 


Main tap at works 


Description of the Sample. 


23/11/06 


28/11/06 


30/11/06 
5/12/06 
7/12/08 

12/12/06 

14/12/06 


19/12/06 


21/12/06 


27/12/06 
31/12/06 
3/1/07 
7/1/07 
10/1/07 
14/1/07 
17/1/07 
21/1/07 
24/1/07 
28/1/07 
31/1/07 
4/2/07 
7/2/07 
11/2/07 
14/2/07 
18/2/07 
21/2/07 
25/2/07 
27/2/07 


28/2/07 
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TABLE X—continued. 
MAIN TAP WATER, RISING MAIN AT WORKS. 


Numper or B. Corr (on Cont-LIkE MicRoBEs). 


Number of B. Coli (or coli-like microbes). 


of water. 


flaginac 
4. 





flagac 
+ 


flaginac 
+ 





flaginac 
+ 


flaginac 
+ 

flaginac 
ae 

flaginac 
4. 





= 


+ 100 ¢.c. 








+ 10 ¢.¢. 
of water. 


flaginac 
+ 














+ SLeres 
of water. 





+ ‘lec. 
of water. 


+ ‘Ol ¢.c. 
of water. 





Dl tt el 
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APPENDIX C. IL. 


TRENCH WATER. 


ANALYSIS OF WATER FROM TRENCH BETWEEN Futer Beps Nos. 3 & 4 AnD 5 & 6, NEAR THE LINE OF THE 
OLD DRAIN FROM THE URINAL ON THE WORKS. 


| Sample No. 52.1 


Sample No. 54. Sample No. 59. 











March 27th or 28th, 1906. 


Drawn : = 
. March 30th, 1906. 


Analysed = - 


Parts per 100,000. | 
Ammoniaca! Nitrogen - 0°95 ? approx. 
Albuminoid Nitrogen- — - 
Nitrous Nitrogen . ~ 


Nitric Nitrogen - - - 0°05. 
“Oxygen absorbed” from 

permanganate in 4 hours 

at. 27°C. - - - 
Chlorine (as chlorides) - 4°64. 


Notes on sample when drawn | Where this water lay on the 


deposited concrete, a 
thick sediment had 
formed, having most 


| brilliant colours—green, 
| sea green, and yellow. 


The paper-filtered water was 
alkaline. It contained 
some lime and a little 
iron in solution. There 

was much mud at the 

| 


Notes on sample when 
analysed = - - : 


bottom of the bottle. 
This was originally green, 

. but became red on ex- 
posure toair. It dissolved 
for the most part in dilute 
acid, with effervescence. 
The insoluble portion 
consisted mostly of grit, 
together with some floccu- 
lent matter; the acid 
solution contained much 
iron (ferrous and ferric) 
and lime. There did not 
appear to be vegetable 
matter in the mud, under 
the microscope. 





May 2Ist, 1905. 


April 10th, 1906. 
May 23rd, 1906. 


April 11th, 1906. 
(Filtered through _ paper 
before analysis.) 


0177. 0°098. 
0°052. 0°060. 
0°0. 0°003 approx... 
0°265. 0°190. 
0°70 (2). 1°067. 
3°43. 2°40. 
This sample was very | This sample was strongly 


alkaline, with a_ con- 
siderable amount of Jime 
and sulphate in solution. 
Limy smell upon warming. 
June 11th —A distinct sedi-. 
ment had now deposited, 


turbid, from clayey mat- 
ter. It filtered slowly 
through Swedish filter 
paper, almost clear, but 
very brown. Slowly 
alkaline. Earthy or lime 
smell upon warming. A 
portion evaporated to 
dryness left a residue 
which charred much on 
ignition, giving off a 
nitrogenous odour. 











1 Only a very small quantity of this was received, in a medicine bottle. 





2 By direct Nesslerization. 





APPENDIX C. III. 


' ANALYSIS OF A SAMPLE OF BLACK MUD FROM THE DRAIN PIPES AT BOTTOM OF No. 1 
FILTER BED. 


The following analysis is of interest, as showing the 
gradual accumulation of fine and partially unoxidized 
matter in the drain pipes of a sand filter. 


Sample drawn, May 18th, 1905. 
Sample analysed, May 22nd, 1905. 
(It was probably kept in ice from May 20th to 22nd.) 


Per Cent. 
Moisture - - - 47:09 = 
: 3°19 Volatile on ignition. 
Diy matter i - 52°91 < 49°72 Non-volatile. 


100.0 


Calculated on the dry matter, we get :— 


Per cent. 
Volatile + - - = S 6:0. 4 
Non-Volatile - 2 : a - 93-96 

100°0 


6225.—App. IV. 


Calculated on the wet mud :— 


Per cent. 
(a) (0) 
Total Nitrogen by Kjeldahl - - 0086 0-098 
“Oxygen absorbed ”’ from 2 perman- 
ganate at 27°C. at once - . - 0-2 
“Oxygen absorbed ” from = Perman- 
ganate at 27°C. in three minutes - 0°44 
_“ Oxygen absorbed ” from 2 Perman- 
ganate at 27° C. in 4 hours - - 0°64 


The above sample consisted of mud, mixed with the 
ordinary sand of the filter bed. It had black streaks, 
evidently of ferrous sulphide, because sulphuretted 
hydrogen was given off on the addition of acid. The 
smell at first was inoffensive, but it became rather sus- 
picious in a day or two. 


$s 
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APPENDIX C. IV. 


A FEW LABORATORY EXPERIMENTS UPON THE AMOUNTS OF CHLOROS WHICH DIFFERENT 
WATERS WILL USE UP. 


Various dilutions of chloros in four different waters were made, and the mixtures were allowed to stand in 
partly filled bottles. At the end of a specified time they were tested, as follows :— 


February 20th, 1905. Treated Water, Sample No. 4, taken. 


Time allowed for reaction, about 24 hours. 











Dilution. 1 in 100,000 | 1 in 50,000 | 1 in 25,000 | 1 in 10,000 
Subsequent addition of potassic iodide and starch solutions vi 
gave - - - - - - - - - - No colour | Faint colour — f 
Iodide, starch, and dilute sulphuric acid gave - - - | Faint colour | Appreciably | Very deep } 
darker colour blue _— 
Estimation of the hypochlorite remaining showed that the _— 95 per cent. |About 80 per |About 70 per 
following amounts of the added chloros had been used up. ; cent. cent, 











February 28th, 1905. Hartsholme Water, Sample No. 7. 


Time allowed for reaction, 18 hours. 

















Dilution. 1 in 100,000 1 in 50,000 
Reaction with iodide, starch, and acid — - E - - - - No colour No colour . 
Odour - - - - : § 2 - - : - Mawkish Faint odour 
; of spent 
chloros 





a 
February 28th, 1905. Water from Catchwater Drain, Sample No. 8. 


Time allowed for reaction, 18 hours. 


























Dilution. 1 in 100,000 1 in 50,000 
Reaction with iodide and starch . - - - - - - | Distinct blue —_ 
With iodide, starch, and acid - - : - - - - - — Strong blue 
Weak Thiosulphate (1 c.c.=-0001135 grm. Cl) required to destroy R 
the colour - - - - = 2 2 7 - 2 = One drop 0-1 c.e. 
Odour - - = : - “ 2 = 2 - - - Faint chloros Distinct 
smell chloros 
smell a 
March 3rd, 1905. River Witham Water (Untreated), Sample No. 10. 
Time allowed for reaction, 24 hours. 
Dilution. 1 in 100,000 1 in 50,000 , 
Reaction with iodide and starch - - - ¢ < — Faint tinge N 
Reaction with iodide, starch, and acid - : - - No colour Just blue . 
Odour . : - - - - - - - - No smell of Spent chloros 
chloros smell 





i 





February 21st, 1905. Raw unfiltered Water, Sample No. 5. 


Time allowed for reaction, 6 days. ~ 4 











1 in 100,000 | 1 in 50,000, 1 in 25,000 | 1 in 10,000 
Reaction with iodide and starch - - - - : - | Nocolour | Very faint | Strong blue far A 
Reaction with iodide, starch, and acid - - - | No colour blue — — ’ 
Odour a ee - 5 - - - : - - Faint, Darker blue Distinct Strong : 
mawkish ? chloros chloros f 
? smell smell] 4 
Estimation of the hypochlorite remaining showed that the -- — | 93 per cent. | 70 per cent. 





following amounts of added chloros had been used up. 


a gn ak a 


f 


163 


The figures for albuminoid nitrogen and for “ 


oxygen absorbed ” in 4 hours, given by the above five samples, were :— 





Parts per 100,000 





Albuminoid Nitrogen - 7 : : 


*“* Oxygen absorbed ”’ in 4 Rose - - ; = E 





No. 4 No. 7 No. 8 No. 10 No. 5 
0°013 0:035 0-020 0:019 0016 
07131 0°284 0°194 07158 0°175 











The foregoing results are too few in number to Ber deductions to be drawn, but they may perhaps be of some 


little use as regards future work. 





APPENDIX C. V. 


A FEW EXPERIMENTS ON THE EFFECT OF SUNSHINE UPON THE TREATMENT OF WATER bh 
CHLOROS. 


On p. 115 of this Report it is recommended that the 
treatment with chloros of water in open reservoirs, in 
warm bright weather, should be carried out after the 
sun has set. We found at Lincoln that the chloros in 
the treated water standing on the sand beds became 
exhausted much more rapidly in such weather than when 
the weather was dull and cool. The hypochlorite was 
evidently decomposed before it could exert its full bac- 
tericidal action, and hence a larger quantity of it had to 
be used. 

The following preliminary laboratory experiments 
were therefore made, in order to test the influence of 
sunlight upon the rate at which chloros disappeared from 
water; the results are given in terms of c.c. of thio- 
sulphate used for the titration of the residual hypochlorite. 

Preliminary Experiments. 
July 18th, 1905.—50 c.c. of asolu- 
tion of 1 in 1,000 chloros in 
pure distilled water required 19°77 c.c. Thiosulphate. 


A second 50 ¢.c. of a similar solu- 
tion, exposed to sunlight for 
3 hours (only about 3 hour’s 


bright sunshine) - - - 0°80 cc, Thiosulphate. 


A third 50 ¢.c. of a similar solu- 
tion, also set up for 3 hours, 
but protected during the 
whole time from the sunlight 
by black paper - - - 18°60 c.c. Thiosulphate. 


July 19th, 1905.—A solution of 1 in 1,000 chloros in 
distilled water was again taken. In estimation (a), 50 
c.c. of this were mixed with 50 c.c. of distilled water, 
while in estimations (b) to (f), 50 ¢c.c. were mixed with 
80 c.c. of Lincoln raw water; the thiosulphate required 
required by each dilution was then determined under the 
following conditions :— 








Length and con- Original Final sce 
ditions of contact of | Tempera- | Tempera- |Thiosulphate- 
chloros and water. ture. ture. required, 
(a) 1 in 2,000 chloros in glass distilled water - — - _ 22'2° C, — 21°28 
(6) 1 in 2,000 chloros in equal volumes = TR 5 minutes - - | No doubt — 20°50. 
and of Lincoln raw water - - - : 92°2° C. 

(c) Do. do. 7 - -|4 hour in bright — BRS 5°37 
sunshine. 

(d) Do. do. - -{1 hour. in’ bright o- 37° C. 1°82 
sunshine. 

(e) Do. do. -  -| 12 to 2 hours in — 32°3° C. 0°35 

; bright sunshine. 
(f) Do. do. -  - | 2hours covered with _ 35°3 C. 17°58 


black paper. 


In this second experiment the effect of exposure of 
the ‘“‘chlorosed”’ water to sunshine was strikingly ex- 
emplified in the different results obtained under (e) and 
(f), where the conditions—apart from the bright exposure 
—were virtually identical. From bottle (e), which was 
placed in the sunlight, practically all the chloros had 


disappeared in two hours, while in bottle (/), which was 
protected by black paper, 80 percent. of the hypochlorite 
remained. ; 

We do not, however, assert that, under actual conditions 
of sterilization, other factors may not also play a part 
in the rapid decomposition of the chloros. 


APPENDIX C. VI. 
ACTION OF CHLOROS UPON SOIL DISTRIBUTED IN WATER. 


The following simple experiments are of some interest, 
as bearing on the effect of chloros in water containing 
organic mud in suspension, though they are merely of 
a preliminary nature. A, Garden soil, and B, Fen soil, 
were employed. 

February 22nd, 1905.—A. Garden Soil. 1.—A pinch of 
fine garden soil was added to 150 c.c. of 1 in 100,000 
solution of chloros in Ealing tap water. After the mixture 
had stood for 24 hours, the water itself had no smell, and 
it gave no reaction with iodide, starch, and acid, but the 
blue colour developed rapidly from the earth at the 
bottom of the flask. 

B. Fen Soil. 2.—This gave the same result as the garden 


6225,—App. LV. 


soil of experiment A, but the blue colour came back more 
rapidly on standing. 

February 24th, 1905. 3 and 4.—Two similar experiments 
were made with a 1 in 10,000 chloros solution, about 
the same small quantities of soil being again used. The 
chloros in the water was exhausted in two days by both 
soils; the water of soil A had, however, in this case a 
slight mawkish smell, and that of soil B a strong one. 

The above experiments thus illustrate :— 

(1) The absorptive power of soil for chloros ; and 

(2) The action of the chloros (no doubt its joint 
solvent and oxidizing action) upon the organic 
matter present in soil. 


Se 
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s APPENDIX C. VII. 


EXAMINATION OF THE SAND OF FILTER BEDS WHICH HAD BEEN RECEIVING CHLOROS- 
TREATED WATER. 


Samples of Sand from No. 6 Bed. Drawn February 21st, 1909. 


Unwashed sand from surface of bed - 
Sand taken at a depth of 2 feet 6 inches 
Washed sand from surface of bed - : : 2 


el de Mere 


Percentage loss on 
ignition of the sand, 
dried at 110° C, 
1°02 per cent. 

3 = - - - 0°68 
A 0°38 


29 


29 


There was considerable charring in the case of No. 1, slight charring in No. 2, but no noticeable charring in No. 3. 


Preliminary Experiment on Shaking up of 
Unwashed Sand with Water. 


March 13th, 1905.—To-day an average sample of the 
‘top half-inch of sand from Bed No. 5 was drawn. 


March 15th.—This gave :— 


Per cent. 

Moisture - - - - . - 6:99 
Matter volatile on uate - 0°96 
Matter non-volatile - - . - - 92-04 
100-0 


March 16th, 1905.—11-29 grms. of this muddy sand were 
shaken up with successeve quantities of distilled water 
(about 200 c.c. each time), the more or less muddy liquid 
siphoned off, and the “ available chlorine ” present in it 
determined in the usual way by the addition of potassic 


Thiosulphate 


Settled. used. 
3.0 p.m. for 1} hours” - : - 0°04 c.c. 
4.30 p.m. for ld hours” - : - 0°02 ,, 
March 17th, 1905 :— 
10.30 a.m. for 18 hours” - - - - - 0°03 ,, 


These preliminary results showed that the fine mud 
on the top of the sand had absorbed (? or combined with) 
an appreciable quantity of chloros, from which chlorine 
was liberated on the addition of dilute acid. 


Subsequent Procedure. 

For the examination of samples of sand like the fore- 
going, for absorbed chloros, the following procedure was 
therefore adopted. 

20 Grms. of the muddy sand were shaken up with 200 
c.c. distilled water, and the mixture was allowed to settle 
for five minutes. The supernatant muddy liquid was 
then treated as follows :— 


iodide, dilute sulphuric acid and starch, and titration 
with sodic thiosulphate. The results are given below, 
in terms of c.c. thiosulphate solution used :— 


50 c.c. were titrated with iodide, acid, and thio- 
sulphate. 

50 c.c. were titrated with iodide and thiosulphate. 

50 c.c. were centrifugalised and the clear liquid 


Thiosulphate was titrated. 
March 16th, 1905. Muddy liquid settled. used. This procedure was adopted because it was found that, 
11.30 a.m. for }hour - - O'75c¢.c. if it was attempted to titrate the whole of the mixture 
12.0. a.m. for }hour - Wise; of sand and water, with the addition of acid, etc., the back 
1.30 p.m. for 13 hours - - - 0713 .,, reaction (7.e., liberation of iodine) went on almost at once. 


The following results were obtained :— 
Sample of Unwashed Top Sand from Bed No. 5. Drawn, March 13th, 1905. 





Date of Estimation, March 21st, 1905. | Partially settled but muddy liquid. Liquid after Centrifugalising. 





0:0018 per cent.,! available chlorine. 


0°0075 per cent., available chlorine. 
No reaction. 


No reaction. 
0°0198 per cent. 


A.—Titration with addition of acid 3 
B.—Titration without acid - - 
.—Total Nitrogen (by Kjeldahl) - 














These percentages are calculated on the wet sand (6°99 per cent. moisture), and the same applies to the 
percentage figures which follow. 


Sample of Washed Sand from Bed No. 6. Drawn, March 16th, 1905. 





Date of Estimation, March 21st, 1905. Partially settled liquid. Liquid after Centrifugalising. 








Slightest trace of available chlorine.* 


A.—Titration with addition of acid - | 0°0018 per cent., available chlorine. 
c No reaction. 


5B.—Titration without acid — - - No reaction. 
€.—Total Nitrogen - - - | 0°0046 per cent. 








Samples of Sand from Bed No. 1. Drawn, May 38rd, 1905. 


The water had been below the level of the sand since 9 p.m. on April 30th, but it had since been exposed to 
heavy rains :— 





No. 2 
From middle, 
i.e., at depth of 
1 foot 3 inches. 


No. 1. 

From bottom of bed, 
i.e., ab depth of 

2 feet 6 inches. 


No. 3. 
From top of bed. 


1°25 per cent. 
117 


0°94 per cent. 


May 11th, Volatile matter - - 
} ? 2 0°92 


1°63 per cent. 
May 15th - 1°51 


” 9? 


99 











1 This liquid did not centrifugalise clear. 2 This was a fairly clear but brownish liquid. 
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Samples of Sand from Bed No. 6. 





Examined, 


Sample No. 1. 
December 9th, 1905. 


“* Skin.” 


December 9th - aa 
December 18th - - | 0:0 s3 
January 30th, 1906 - 00 x 





0:0035* per cent., available chlorine. 


Drawn, December 8th, 1905. 


No. 2. 


No. 3. 
Surface sand. Sand at depth of 18 inches. 





0°0107 per cent. 
0:0090__—,, 
0:0045__,, 


0-0047 per cent. 
00017, 
0°0009 =z 


The procedure here was the same as before, excepting that 100 c.c. in each case were titrated, with addition of acid. 
None of the samples had any smell of chloros when received :— 


No. 1 was very dark in colour and had most mud. 
No. 2 was dark brown, with rather less mud. 


No. 3 was iron-brown, and had comparatively little mud. 


Samples of Sand from Bed No. 4. Drawn, August 3rd, 1906. 











E ined, A : No. 1. No. 2. No. 3. 
Se ee eae tt 1906 “* Skin.” Surface sand. Sand at depth of 18 inches. 
Available chlorine- - - - | 0°0028 per cent.* 0:0033 per cent. 0-0013 per cent. 
* Blank = 0-0. 


Sample No. 1 (“skin”) was lumpy when received, and had to be ground up: When mixed with water it 


had a most pronounced sea-weed smell. 


Samples of Sand from Bed No. 2. Drawn, May 31st, 1907, and sent in ice, 
some of which was still unmelted when the samples were received. The samples were kept in ice in the laboratory 


until they were done with. 


The procedure was the same as before, excepting that 25 grms. of wet sand in each case were shaken up with 


250 c.¢. of distilled water, and three separate portions of 50 c.c. taken for examination. 


given, as before. 


Five minutes’ settlement was 





No. 1. 
** Skin.”’ 


Examined, June Ist, 1907. 





Percentage of avaitable chlorine. 
Partly settled muddy liquid - - - 
Centrifugalised liquid - Fs : 





0-001. ,, 


0°0104 per cent. 





No. 2 No. 3. No. 4. 
earinee gard Sand at depth Sand at depth 
‘ of 9 inches. _of 18 inches. 





0:0146 per cent. 
0:0019 __,, 


0°0076 per cent. 
00010 ,, 


0°0035 per cent. 
Trace. 





None of the muddy liquids gave any reaction when titrated without addition of acid. 


Same Samples (of May 31st), kept in ice. 
Procedure same as before, except that only half a minute, instead of five minutes, was given for settlement. 


Titration with addition of ey 


Examined, June 3rd, 1907. | No. 1. 
Percentage of available chlorine. | 

Muddy liquid - - - - - 0°0124 

Centrifugalised liquid - - - - 0°0012 


The following deductions may, we think, be drawn 
from these experiments : — 

The mud which is deposited mainly in the upper part 
of a sand water-filter absorbs (adsorbs, or combines with ?) 
a small but appreciable amount of hypochlorite from the 
*‘ chlorosed ”’ water. The mixture or compound, how- 
ever, requires the addition of dilute acid before it can 
liberate iodine from potassic iodide; its hypochlorite or 
other chlorine compound is thus not in what may be termed 
the “active” state. This absorption is mainly or entirely 
due to the finely divided and flocculent clogging matter 
in the bed, and not to the sand itself. 

The above admixture or compound of hypochlorite with 
mud does not decompose very rapidly on keeping, 
especially in cool weather: it persists to some extent for 
a number of days at atmospheric temperature. It is 
present in larger quantity in the surface sand than lower 


No. 2. No. 3. No. 4. 
0:014z2 0°:0055 0:0048 
0°0025 0:0007 0:0003 


down in the bed, just as the surface sand contains more 
matter volatile on ignition. It is probably present in 
largest amount in the “ skin,’’ when a filter is in action, 
but after the skin and the surface sand are removed and 
allowed to dry more or less, the reducing action of the 
organic matter is no doubt more rapid in the skin than 
in the surface sand and lower down, since there must be 
relatively more organic mud in the former case. 

Since this compound or mixture only liberates iodine 
from potassic iodide (within a short time, at all events), 
on the addition of acid, the presumption would be that 
its bactericidal properties were not very great. Some 
experiments actually carried out by us, to test the point, 
seemed to confirm this. At the same time, we are not 
in a position to offer a final opinion on the subject, which 
is one of much interest, and possibly also of practical 
importance as regards sterilization. 


APPENDIX C. VIII. 
“STRENGTH ” OF VARIOUS CONSIGNMENTS OF CHLOROS. 


The ‘‘strength”’ of chloros is conveniently stated in 
terms of percentage of “‘ available chlorine,”’ as determined 
by Bunsen’s iodometric method. A little potassic iodide 
solution and dilute sulphuric acid are added to a given 
volume of aqueous chloros of es dilution, and the 


liberated iodine is titrated with = > thiosulphate, a few 


drops of clear starch solution Being added towards the 
end of the titration. 

5 c.c. of chloros is a convenient quantity to use. This 
is diluted to 100 c.c. with distilled water, 5c.c. of the 
dilution and 10 ¢.c. of 1-in-10 sulphuric acid being taken 
for each titration. 

The following table gives examples of the chloros, 
a3 used at Lincoln in 1905 and 1909. 


Available 

Chlorine. 
February 11th, 1905 - - : - 12°0 per cent. 
February 23rd, 1905 - - - - 12°8 ” 
February 23rd, 1905 - - - - 116 * 
November 7th, 1905 - - - 52 We 3 
March 3lst, 1909 : - = =) AI ¥ 
May 10th, 1909 - - : eel 26 Pr 
May 28th, 1909 - - : 5 aay é 
July 2nd, 1909 2 . “ =713'8 ae 


Each of the above estimations represented a sample 
made up of sub-samples drawn from all the carboys of a 
consignment, or, at least, from a sufficient number of 
the carboys. 
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APPENDIX C. IX. 


TESTING THE CHLOROS FOR TRACES OF ARSENIC. 


As it was important to know that the chloros used for 
sterilization was free from arsenic, several consignments 
were tested for this. The method followed was that used 
by one of us in the work done for the Royal Commission 


Chloros :— 
Consignment 1 - - - : . 4 : 


Consignment 2 - : Ss = : - 1 c.c. . a 
: 1°05 ciosbhi;, :, 


Cc. eee #4 


Consignment 3 - - : = a s 4 

Consignment 4 - - = - a 4 5 

Mud which had collected at bottom of carboys of | 
consignment No. 4. - - - . 3 : 


The quantity of arsenic which the water could receive 
from its treatment with chloros was thus infinitesimal. 


With the object of comparing the treated and untreated 
waters, in regard to this, the following further determina- 
tions were made :— 


250 c.c. of each of the waters in question were 
evaporated with a little lime water, the residue treated with 
aqueous sulphurous acid and again evaporated, and 
the final solution in hydrochloric acid ‘‘ Marshed’”’ in 
the usual way (loc. cit.). 


1 ¢.c. contained a trace of arsenic, say 0:000018 grm. As,0 


on Arsenical Poisoning, and which is fully described in 

their Report, Vol. II., Appendices 22 and 23. A modifica- 

tion of Mr. Scudder’s ‘“‘ Marsh ” apparatus was employed. 
The following results were obtained :— ; 


I c.c. contained a trace of. arsenic, say 000001 grm. As,0,. 


- say 0°000013 ,, af 
- say 000001 ,, 
- say 0000005 ,, ~ ,, 


6 


The result was in each case the 
same, 7.€., a minute arsenical 
mirror was obtained from each, 
this no doubt coming from 
No. 5. Raw Water. the reagents used. Perhaps 
No. 6. Treated Water.) this mirror was a trifle heavier 
in the case of the raw water, 
say 0:0000013 grm., as against 
0:000001 grm. from the treated 
water. 








APPENDIX ©, X, 


ACTION OF WATER, WITH AND WITHOUT THE ADDITION OF CHLOROS, UPON LEAD PIPES. 


Two sets of lead pipes were used in testing :—(1) Old 
encrusted pipes; and (2) new pipes which were only 
very slightly tarnished by the air. Each pipe was 2 
feet long and } inch internal diameter, and it was closed 
by a cork at the lower end; the capacity was about 
70 c.c. The water was allowed to stand in the pipe at 


atmospheric temperature for 24 hours, after which the 
lead in solution was determined colorimetrically as 
sulphide, a dilute standard solution of acetate of lead 
being used as the control. 


The following Tables give the results obtained :— 


February 18th, 1905. Water used—Sample No. 4; treated and sand-filtered water. 








Old lead pipes. 





Water alone (a) - 2 2 ‘ ~ = 
Water alone (b) - “ E 2 7 
Water and. chloros, 1 in 100,000 é i : uy 
Water and chloros, 1 in 50,000 2 “ x Z Z 
Water and chloros, 1 in 25,000 : F _ t : 
Water and chloros, 1 in 10,909 — - £ : : 2 





Grms. of lead (Pb) taken 
up by 100,000 c.c. of water :— 














in 24 hours.* | in 2 or3 cays. 
= ¢ : - 0°05 0-0 
si H 7 - 0°06 0-06 
: s - - 0°05 0°03 
n E x - - 0°04 0°05 
A 2 - | 0°05 0°06 
a ts - = 0:06 H 0:05 














* Actually 23 hours. 


t 


The figures in the second column of the above table are only to be taken as approximate. After the 24-hour 
samples had been tested, the residual water (about 20 c.c. in each case) was allowed to stand in the pipe for one or 


two days longer, when it was again tested for lead. 








February 21st, 1905. Water used—Sample No. 5, 7.e., raw, unfiltered Lincoln water :— 


New lead pipes. 


Grms. of lead (Pb) taken 
up by 100,000 c.c. of water 
in 24 hours. 





Water alone (a) - - - - - - - 
Water alone (5) - - - - - 
Water and chloros, 1 in 100,000 - - - - - 
Water and chloros, 1 in 50,000 - = : - - 
Water and chloros, 1 in 25,000 = = - - - 
Water and chloros, 1 in 10,000 : : : : 


5 ‘ E e : = 0:08 
2 3 e A 5 - 0°10 
és : . : 3 0°09. 
x ; : d 2 i 0:08 
c é 3 : - 2) 0°08 
z { . t | 0:07 








February 22nd, 1905. Water used—Lincoln treated water No. 6, without any further addition of chloros :— 


Grms. of lead taken up 
by 100,000 c.c. in 24 hours. 





) From old lead pipe - - , 3 ‘ : 3 


(1 
(2) From new lead pipe - - - : : 








> a Z : . - 0°02 
c 3 2 2 - - 0°08 





The above experiments show that there is no danger to be feared from the sterilization of water by chloros, 
so far as regards the action of dilute solutions of chloros upon lead piping. 


eS 


ea eee ae oe en oe 


ea. ied 
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REPORT UPON THE “OXYCHLORIDE” EXPERIMENT AT GUILDFORD, BY 
MR. A. C. CARTER, F.LC. 


The “oxychloride” experiment at Guildford has con- 
sisted in the treatment of Guildford septic tank liquor 
upon two small percolating filters, 6 feet deep, the liquor 
flowing to one filter being mixed with a hath acaa tity of 
an alkaline solution of sodium hypochlorite (called “ oxy- 
chloride”), in order to deodorize it. The objects of the 
experiments were (1) to see whether the addition of the 
“oxychloride” did properly deodorize the septic tank 
liquor, and (2) to find out the effect of such addition with 
regard to the subsequent filtration of this liquor. 


The observations were commenced on November 19th, 
1906, upon filters which had been matured previously, 
and lasted till March, 1907. They consisted, chiefly, in 
noting the effects of the addition of different quantities 
of the “oxychloride” upon the septie tank liquor, the 
filter effluent, and the filter, the purification effected by 
this filter being compared with that obtained in the 
treatment of Guildford septic tank liquor alone, upon an 
exactly similar filter. 


The Septic Tank Liquor. 


The septic tank liquor used for the experiment was 
taken from the large septic tank (146,000 gallons 
capacity), which received at this time 70,000 gallons 
per day of 15 hours’ flow, the tank resting during the 
night. 


The liquor first flowed into a small cistern in which, 
by means of a ball cock attachment, the head of liquid 
was kept constant. From here it flowed into a second 
tank (in which a float was fixed for regulating the flow), 
where it was divided into two equal portions, by means 
of two V-notch weirs, each portion being subsequently 
discharged on to one of the two filters in periodical 
flushes from small syphon chambers. In one of the small 
syphon chambers the oxychloride was added to the septic 
liquor ; one filter, therefore, received septic tank liquor 
which had been treated with the oxychloride, and the 
other filter received septic tank liquor alone. The 
Guildford septic tank liquor is very strong. It has a 
very foul smell, due mostly to sulphuretted hydrogen. — 


The Quantity of Septic Tank Liquor used. 


The rate of filtration upon each filter throughout the 
experiment was approximately 51 gallons per cube yard 
per 24hours. During the greater part of the observations, 
however, the filters worked for only 12 hours per day, 
each receiving 360 gallons of septic liquor during that 
time. This was equivalent to about 25 gallons per cube 
yard per 24 hours, although the rate of filtration during 
ee 12 hours was about 50 gallons per cube yard per 24 

ours. 


The Filters. 


The two percolating filters were exactly similar in 
- every respect. They were each 6 feet deep and 9 feet in 
diameter, and had a capacity of 14 cube yards. The 
filtering material was coke, from one to three inches dia- 
meter, and the distribution was effected by means of 
revolving sprinklers, working intermittently. 


The “ Oxychloride” Solution. 


The alkaline solution of sodium hypochlorite was ob- 
tained from the Oxychloride Company’s Works at Forest 
Gate, London, E. As delivered at the works it contained 
about 13 per cent. of the hypochlorite, or about 12 per 


*The term “ available chlorine” is used to indicate 
the chlorine which is set free when acid is added to a 
solution containing hypochlorite and chloride. 


+The “oxygen absorbed” in 5 minutes from weak 
permanganate gives on the Quildford septic tank liquor 


cent. of “available” chlorine.* As the quantities to be 
added to the tank liquor were very small, it was neces- 
sary to dilute it largely. For the first three experiments 
a solution yielding 0°1 per cent. of available chlorine was 
used, and for the last experiment one yielding 0°2 per 
cent. of available chlorine. 


The diluted solution was kept in a covered barrel at 
the side of the small gauging tank. It was delivered 
into the septic tank liyuor as the latter flowed over the 
small V-notch weir, complete admixture being obtained in 
this way. The flow from the barrel was kept constant by 
means of an ingenious constant head apparatus, designed 
by Mr. J. Fieldhouse, through which it passed before 
dropping into the septic tank liquor. Kept in the dars, 
the strength of the diluted “ oxychloride ” solution 
remained constant for at least a week ; it was made up 
fresh once in every five or six days. 


The Experiments. 
Explanation of the term “ 25 rer cent. Treatment.” 


The basis for the quantity of “oxychloride” to be 
added in the different experiments was the figure given 
for “oxygen absorbed” in five minutes at 27° C. from 
weak} permanganate (0°394 grm. KMnO, per litre) by 
the original tank liquor. This usually varied between 
2°5 and 4 parts “oxygen absorbed” per 100,000, the 
average being about 3 parts. The figure 3°0 may there- 
fore be taken for the purpose of this explanation. The 
above was suggested as a working basis by Oxychlorides, 
Limited. 


What is meant by the term “25 °/, treatment” with 
oxychloride is the addition, to 100,000 parts of tank 
liquor, of that quantity‘of oxychloride which yields, with 
acid, 25 °/, of 3°0 or 0°75 part by weight of available 
chlorine. Since, however, it is alkaline hypochlorite and 
not free chlorine which is actually added, “25 °/, treat- 
ment” means the addition to 100,000 parts of tank 
liquor of :—0°79 part pure sodium hypochlorite, equi 
valent to 0°17 part: of (hypochlorite) oxygen, or.0°18 part 
of sulphuretted hydrogen. To put it differently, “25 °/, 
treatment” requires 6°0 gallons strong oxychloride for 
100,000 gallons of tank liquor ; “35 °/, treatment” 8°4 
gallons ; 50 °/, treatment,” 12°0 gallons ; “100 °/, treat- 
ment,” 24°0 gallons. The above figures are on the basis 
of 3°0 parts “oxygen absorbed” in five minutes from 
“weak” permanganate by 100,000 parts of the tank 
liquor. 


ELxperiment I, 


The 25 per cent. Treatment. November 22nd to 
December 5th, 1906 (14 days). 


During this experiment both filters worked at the rate 
of about 50 gallons per cube yard per day, for 12 hours 
each day. The effect of the treatment was the reduction 
of sulphuretted hydrogen in the treated septic tank 
liquor, a reduction amounting to about 4/5ths of the 
total quantity of sulphuretted hydrogen present. 
Although by no means entirely deodorized, the treated 
septic tank liquor was rendered much less offensive. It 
possessed a distinct spent bleach liquor smell, which 
helped to mask unpleasant odours. Standing on 
the leeward side of the filters, when both treated and 
untreated tank liquor were being delivered to them, the 
difference in the smell coming from the two sprinklers 
could be easily noticed. 


a slightly higher figure than the “oxygen absorbed” 
at once from strong (te. 8) permanganate (3°94 grm. 


KMnO, per litre). 


The proportions are approximately 
12 and 1°0. 
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a very slight reduction in the figures for the treated 
liquor, no doubt because of the oxidation of the 
sulphuretted hydrogen by the “ oxychloride.” 


The following table gives the figures for “oxygen 


absorbed” from strong (i.e. ‘g) permanganate,* for both 
the treated and untreated-septic tank liquors. It shows 


Septic Tank Liquors. Results in parts per 100,000, on average samples, each made up of 
12 sub samples, drawn every hour for 12 hours. 


























Untreated liquor. Treated liquor. 
“Oxygen absorbed ” “Oxygen absorbed ” 
at 27° C, at 27° C, 
No. No. 
Date. 
At once. In 4 hours. At once. In 4 hours. 
November 23rd - - - - - 24 4°06 12°17 25 3°99 12°08. 
eo IGth aaa eee ee 41 3°91 10°83 42 3°91 10°64 
ae ith | | ree 45 4°36 12°03 46 421 11°89 
i 28th - - - - 49 3°97 11°13 50 3 88 10°84 
Fe 29th - = - - . 53 3°13 9°60 54 3°10 9°60 
Average of 5 Samples 3°88 LitS + 3°82 | 1101 
December 4th - - - - 67 2°14" 8°41 
- bth os Heo ee eae 70 2°72 10°25 





With regard to the filter effluents from the two tank 
liquors, there was no difference in their appearance 
during this experiment, both being brownish coloured 
and opalescent, and containing small quantities of 
suspended matter.t The effluent from the filter receiving 
untreated septic tank liquor had a slight earthy smell, 








while the effluent from the filter receiving treated septic 
tank liquor possessed a slight spent bleach liquor odour. 


The following table gives the figures of analysis of the 


hourly samples of effluent corresponding to the samples 
of septic tank liquor of the same date :— 


Filter Effluents (corresponding to the above Septic Tank Liquors). 
Par‘s per 100,000. 





Effluent from filter receiving untreated septic tank liquor. 








Effluent from filter receiving treated septic 
tank liquor. 















































| “Oxygen ass. “ Oxygen aoe. 
absorbed” at ; } wat pO absorbed ” at os : og 
27°C. S = Si os Bs a | 6 ~ 
Date. No. B bo > w aakss No. bie ee Sakae 
=p =) ° a O ° 
At | Ind | SE | BS |g Gx 8 At | Ing | 88 | ES [8 meas 
once, | hours. | 4% |i, OS Bae once. | hours. | Biz, | zie (QA 8 Ses 
Nov. 23rd - 26 0°98 2°78 ONO saat —_ Oral 1°05 . 2°76 0°10 | 1°33 = 
» 26th - 43 1°00 2°98 0°08 | 1°47 1°09 44 1:08 PEAT 0°10 | 1°63 1°03 
an Ditieae 47 0°87 2°56 0°10 | 2°25 0°87 48 0 90 2°56 0°13 ; 2°35 O77 
S 9s aR ey= 51 0.87 2°41 0°08 | 2°41 0°83 52 0°80 2°45 0710 | 2°45 0°70 
9) EDO Bie 55 0°69 2°05 O12 | 2°46 —_ 56 O72 2°02 0714 | 2°38 — 
Dec. 3rd -| 65 — — 013 | 1°83 66 — — 0710 | 1°92 — 
 <tthion 68 O71 2°41 O13 4) 2°37 0°75 69 0°75 2°41 O13 | 2°35 0°63 
f° = Sth tee al 0°85 2°82 0°10 | 2°38 is 72 0°80 2°85 0710 | 2°74 0°93 
Average - - - 0°87 2°56 OTS e207 0°89 0°87 2°55 ORL Zak 0°81 
Number of Estima- : 
CU) erage ome = ina (8 (7) (8) | (8) (5) (7) Ope pion ae (5) 








It will be seen that nitrification was not in any way 
hindered as the result of the 25 per cent. treatment of 
the septic tank liquor with “oxychloride” solution. 


Experiment IT. 
The 35 per cent. Treatment. December 6th to 10th, 
1906 (5 days). 

During this experiment both filters again worked at 
the rate of about 50 gallons per cube yard per day, for 
12 hours each day. On December 6th the dose of 
“ oxychloride” was increased from 25 per cent. to 35 per 
cent. Compared with the 25 per cent. experiment, the 
effect of this increase was very slight, as regards. the 
i es 


* “Strong” permanganate was used in the analysis of 
all the samples of septic tank liquor and of filter effluent 
examined, 

+ All the filter effluents in this and the succeeding 
experiments were analysed as they came from the filters, 
2.¢., With their suspended solids included. 


smell of the tank liquor. In some cases the proportion 
of sulphuretted hydrogen in the treated and untreated 
septic tank liquors was reduced by as much as 7 to l, 
but in none of the samples of treated liquor was sulphur- 
etted hydrogen entirely eliminated.t{ As in the 25 per 


t This proportional figure was arrived at in the follow- 
ing manner :— 

Two bottles, each of about 300 c.c. capacity, were 
filled, one with untreated and the other with treated septic 
tank liquor. To each bottle 5 ¢.c. of a saturated solution 
of aluminium sulphate and 1 e.c. of a 10 per cent. solution 
of caustic soda were added. Both bottles were then 
well shaken and allowed to settle for half an hour, after 
which 25 c.c. of the clear liquid were pipetted into Nessler 
glasses. 1 c.c. of strong acetic acid was then added to 
each Nessler glass, to render the liquid slightly acid, and 
finally 1 c.c. of a strong solution of lead acetate. The 
brownish colours thus obtained, due to lead sulphide, 
could then be compared with a fair degree of accuracy. 
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cent. treatment, the septic tank liquor receiving “oxy- 
chloride” still retained a slight “septic” smell, along 


Septic Tank Liquors, average samples. 


with the accompanying spent bleach odour. The follow- 
ing are the figures of analysis for this experiment :— 


Parts per 100,000. - 















































Untreated septic tank liquor. Treated septic tank liquor. 
“Oxygen absorbed ” “ Oxygen apes 2 
OT A. > at 27° C. 
Date. No. aie 2 No. aes Breathe Th 6 OE 
At once. | In 4 hours. | At once. | In 4 hours. 
December 6th - - - - - 73 2°60 9°39 74 2°47 9°39 
a 7th - - - - - 85 2°04 8°44 86 2°02 8°29 
a ee ee 89 2°46 10°08 99 2°42 10°02 
Average of 3 - - - - - . - 2°36 9°30 2°30 9°23 





Filter Effuents (corresponding to the above Septic Tank Liquors). 
Parts per 100,000. 
























































Effluent from filter receiving untreated septic tank liquor. Effluent from filter receiving treated septic 
tank liquor. 
“ Oxygen aoe. | “Oxygen 5 ot 
absorbed ” at g 20 _ absorbed ” at id S oh 
27°C. oe eee Be | 27° C a} daiestes 
Date. | No. : 2S | 8/2 e828] No. 2%| Eg kee 
S 25 19 = So}. 6 1o 
| At | Ina | 85/86 [2e5N8 At | Ing | 88] 25 [2 Boag 
once. | hours. | '4'z | oz IOS Bae once. | hours. | Az | ize AS See 
Dec. 6th = - 75 0°74 2°87 0°08 | 1°98 ss 76 O72 2°76 0°08 | 2°00 047 
con Mar iam 87 0°78 2°69 0°06 | 1°98 += 88 O77 2°69 0°06 |. 1°96 -— 
oe ioc =|, “OI 0°92 3°58 0°05 | 1°95 = 92 0°95 3°65 0:05 | 1°95 — 
Average of 3 - - | O81 3°05 | 0°06 | 1°97 — 081 3°03 0°06 | 1°97 -~ 














Here again the figures given by the two filter effluents are practically identical. 


Experiment II. 

The 50 per cent. Treatment. December 11th, 1906, to 
January 13th, 1907, with a break from December 21st 
to 31st (25 days). 

During this experiment the filters again worked at 
the rate of about 50 gallons per cube yard per day, 


Septic Tank Liquors, average samples. 


for 12 hours each day. The increased quantity of 
“oxychloride” completely destroyed all the sulphu- 
retted hydrogen present in the septic tank liquor. 
The treated liquor possessed a slight fresh sewage 
smell, with an accompanying spent bleach liquor odour,, 
and could not be called offensive. 


Parts per 100,000. 
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Untreated septic tank liquor. Treated septic tank liquor. 
“ Oxygen absorbed ” “Oxygen absorbed ” 
Date No at Br Oss: wel at 27° C. 
At once. | In 4 hours. At once. | In 4 hours. 
1906. 

December llth - - - - - 93 2°71 9°31 94 2°68 9°45 
aa 12th - - - - - 97 2°97 9°66 98 2°64 9°70 
“ei 18th - - - - - 109 3°13 9°67 110 2°66 9°58 

MC TGH ie ytaieee. to Ae) 5.18 2°36 9°26 114 2°36 898 
a0 17th - - = - - 117 2°46 9°81 118 2°58 9°63: 
Pe 18th - - - - - L21 3°10 9°28 122 2°63 9°33: 
44 19th - Sik - - - 125 3°01 9°59 126 2°88 9°32. 

1907. 

January lst’ - - - - - 139 4°05 72 140 3°94 11°69 
a Rend: = - = = - 143 4°03 12°57 144 3°41 12°82 
bemndird Sri Fe a - 155 2°93 11°26 156 2°91 11:09 
SMB =: ates 159 271 10°79 160 2°66 10°73 
a “qa a - - - - 163 2°46 10°01 164 2°19 9°87 
a8. 1 - . - 167 3°10 11°66 168 2°94 11°54 
Mn 9th - - = - 71 3°39 10°92 L72 3°13 10°96 
ince oe, rn (frat IRB 2°74 8°84 184 2°69 8°79 

Average of 15. - - - - - - - 301 10°29 275 10°23 
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It will be noted that the oxygen absorbed “at once” 
was now lower in the case of the treated septic tank 


liquor by 0°26 part. 
6225—App. IV. 


This was no doubt mainly due 


to the oxidation of sulphuretted hydrogen by the 


“ oxychloride.” 
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Free chlorine (7.e., hypochlorite) was never found in the treated septic tank liquor going on to No. 2 filter. 


Filter Effluents from the “50 per cent. Treatment.” 





Filter No.1. - 
Filter receiving untreated septic tank liquor. 





























Average samples. Parts per 100,000. 





_ _ Filter No. 2. 
Filter receiving treated septic tank liquor. 





























etme: a See “ Oxygen S88 ; 
| Saotbed as | 2329 absorbed” at | | | 2B 20 
| 27° C. d| ¢ (SSE St Vane) o Bile 8 Se eee 
Date. | No. 3 So © & 2ebae No. BG | » & 2eeag 
| At | Ina | 88 | BE |g meas At | Ind | 85/55 |2ESa8 
once. } hours. | wi | Bam ARRAS once. | hours. | 147 | ZzBoges 
Dec. 11th -| 95] 091 | 3°65 | oo2| 142] 218 96| 099 | 369 | 002] 136) 1:47 
» 1th -| 99] o78 | 2°96 | 005] 168] 0°40 100 | 089 | 300 | 0051 169! 058 
* 13th -| 114 o97 | 297 | 0-05 | 1:25) 1°60 112 | 094 | 3:33 -| 005 | 199] 053 
” 6th -| 115] 085 | 2°83 | 008 | 1:32) 1°04 116 | 083 | 290 | 008] 1:32] 1-01 
" ath -| 119] 1:03 | 3°09 | 0:08] 140| 1°09 120 | 097 | 291 | 0-08] 1:45} o-58 
" 18th -| 193] o74 | 961 | 010] 210] O77 124} 075 | 263 | 010] 9181 48 
90th -| 127] O81 | 2°72 | O10] 1°80] o-75 128} osl | 2:85 | 010) 1:84| 039 
Jan. Ist -| 141] 080 | 3:08 | 005] 249] o-v1 142| 074 | 2:97 | 004] 2:46] O80 
» ond -| 145] o89 | 264 | 006] 2°76] 0-56 146] o75 | 2°66 | 0106] 9:92! o-54 
». gra -| 167 | O74 | 996 | 0°05 | 2-13 = 158} O78 | 2:89 | 005 | 92:37 = 
» 6th -| 161] oss | 2°66 | 0-08 | 2:50 a 162} O78 | 2:49 | 0-08 | 260 We 
» 7th -| 165} o50 | 231 | 0-06 | 2:48] 0-40 168} 0°55 | 231 | 006] 9:54] o-v74 
» 8th -| 169). 077 | 2:46 | 010] 252] 0-07 170} O77 | 2:34 | 008} 2:84| o-%0 
» goth -| 1731 0-69. | - 9:41 | 0-02 | 2-78 oe 1741 069 | 2:15 | 0-01 | 9°92 ae 
» 13th -| 185] 0-61 188 | 017 | 3°36] 0-46 186 | 058 | 1°72 | 020| 3:63! 0-49 
Average of 15 - 0°80 2°75 O08 | 213 0°82* 0°79 2°71 0°07 | 2°23 | O67* 











td 
* Average of 12 samples. 


It will be seen from this table that, on the average, 
the two effluents were again practically identical, chemi- 
cally. Samples Nos. 162 to 186 showed a slight increase 
in nitric nitrogen as compared with Nos. 161 to 185, but 
this was probably due to the fact that No. 1 filter was 
‘at the time treating rather more (7 per cent. more) septic 
tank liquor than No. 2 filter ; in any case the differences 
were very small. The conclusion to be drawn, there- 
fore, is that the “50 per cent. treatment” by oxychloride 
rendered the foul septic tank liquor inoffensive as re- 
gards smell, without affecting the quality of the filter 
effluents from a chemical point of view. 


Growths on Filters. 


- A grey growth made its appearance on both filters 
‘during the 25 per cent. and 35 per cent. experiments. 
During the 50 per cent. experiment there were some in- 
dications that it was flourishing rather better on the 
filter receiving the ordinary septic tank liquor than on 
that receiving the treated septic tank liquor, the coke 
on the surface of the latter being cleaner in appearance 
‘and having more green growth upon it. 


General Conclusions on the 25 per cent., 85 per cent., 
and 50 per cent. Treatments. 


So far as can be judged from the foregoing experi- 
ments, the “25 per cent., 35 per cent., or 50 per cent. 
treatment” of the Guildford septic tank liquor with 
“oxychloride” does not affect its subsequent purifica- 
tion upon percolating filters. The 25 per cent. and 35 
per cent. treatments very greatly reduced the amount of 
sulphuretted hydrogen in the liquor and consequently 
made it much less liable to give rise.to nuisance. The 
50 per cent. treatment rendered the liquor practically 
inoffensive as regards smell and reduced the liability to 
nuisance to a minimum. 


In conclusion, I should like to add that I have been 
very much indebted to Mr. J. Fieldhouse, the manager 
at Guildford for the “ Oxychloride” Company, for the 
great help which he has given me throughout these ob- 
servations. 


February, 1907. A. C. CARTER. 





Addendum. 


"Although the foregoing observations showed that the 
“50 per cent. treatment” would probably suffice for all 
practical purposes, when dealing with the Guildford 
septic tank liquor, it was thought advisable to ascertain 
how strong a dose of “oxychloride” could be added to 
the septic liquor without interfering with the proper 
pone of the filter on which it was to be subsequently 
treated. 


With this object in view, Mr. J. Fieldhouse conducted 
a further series of experiments under our instructions, 
after the direct observations for the Commission had becn 
completed. 


These experiments consisted in the “100 per cent., 200 
per cent-, 500 per cent., and 1,000 per cent. treatment” 
of the septic tank liquor with “ oxychloride,” noting the 
effect on the effluent obtained, especially with respect to 
nitrification. 


The filters were again worked at the rate of about 50 
sallons per cube yard per day, for 12 hours each day, 
throughout these experiments. 


The “100 per cent. Treatment.” 
May 13th, 1907. 


With this dose of “ oxychloride,” an excess, amounting 
to about 1'0 part of available chlorine per 100,000, per- 
sisted in the treated septic tank liquor, ‘the smell of 
which was masked by the spent bleach odour. 


_The filter effluents from the two tank liquors were 
similar in appearance. i 
The respective average figures for nitric nitrogen in 66 
samples, together with the minimum and maximum 
figures, in each case, were :— 


Parts per 100,000. 


Feb. 18th to 





Effluent from filter receiving | Effluent from filter receiving 
untreated septic tank liquor. | treated septic tank liquor. 





(0°60-5°82) 2°38 (0°21-5°81)  —- 2°59 





The “200 per cent. Treatment.” May 14th to 
May 30th, 1907. 
The septic tank liquor was considerably bleached by 
this dose, but the effluents were indentical in ap- 
pearance. 


The respective average figures for nitric nitrogen in 
13 samples, in each case, were :— 


Parts per 100,000. 








Effluent from filter receiving |Effluent from filter recelving 
untreated septic tank liquor. | treated septic tank liquor. 








(410-621) ° 4°84 (410-6'46) 492 





It will be seen, therefore, that nitrification was not 
hindered, as the result of the “100 per cent. and 200 per 
cent. treatment” of the septic tank liquor with “oxy- 
chloride ” solution. 
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The 500% Treatment. May 31st to June 10th, 1907. 

This dose bleached the tank Jiquor to a pale yellowish 
colour. The excess of “oxychloride” in the treated 
liquor going on to the filter amounted to 12-16 parts of 
available chlorine per 100,000. 

_ The effluent from the filter receiving the treated tank 
liquor was affected considerably by this dose, both as 
regards its appearance and the amount of nitric nitrogen 
which it contained. 

The respective average figures for nitric nitrogen in 10 
samples, in each case, were :— 


Parts per 100,V00. 








Effluent from filter receiving/Effluent from filter receiving 





untreated septic tank liquor.| treated septic tank liquor. 


(462—5'98) 5°26 (2°90—5'05) 4:00 


The 1000 % Treatment. June 11th to July 12th, 1907. 


The treated tank liquor was completely bleached 
by this large dose, and it contained an excess of 
“oxychloride” equivalent to about 30 parts of available 
chlorine per 100,000. 


The quality of the effluent obtained from the filter 
receiving the treated tank liquor was immediately 
affected, the nitric nitrogen being reduced by nearly 50 
per cent., as compared with the effluent obtained from 
the filter receiving the untreated tank liquor. 


After a fortnight had elapsed, nitric nitrogen had. 
disappeared from the first-named filter effluent alto- 
gether ; it was then very thick and turbid in appearance, 
and contained a considerable amount of “ oxychloride.” 


To sum up briefly, these supplementary experiments, 
carried out by Mr: Fieldhouse, showed that the “ 100 per’ 
cent. and 200 per cent. treatment ” did not affect the 
working of the filter, but that the “500 per cent. treat- 
ment” did affect the working to a considerable extent, 
while with the ‘1000 per cent. treatment ” nitrification 
soon ceased. 


The earlier experiments showed that the “ 50 per cent. 
treatment” of the Guildford septic tank liquor was more: 
than sufficient to get rid of all the sulphuretted hydrogen 
present, and these later experiments prove that there is 
a wide margin of safety, as regards the efficient working: 
of the filters, in the event of the tank liquor accidentally 
receiving too large a dose of “ oxychloride.” 


May, 1909. A. C, CARTER. 





BRIEF NOTE BY Dr. HOUSTON ON SOME OF THE BACTERIOLOGICAL ASPECTS OF 
THE INVESTIGATION. 


The 25, 35 and 50 per cent. “treatments” had no 
very marked effect bacteriologically, either on the 
“treated” septic liquor going on to filter No. 2, or on 
the effluent from that filter. 

But the 100 per cent. treatment reduced, to a striking 
extent, the total number of bacteria and the number of 
B. coli, both in the “treated” septic liquor and in the 
effluent from filter No. 2. The results yielded by the 
tests for B. enteritidis sporogenes and nitroso-bacteria, 
however, remained relatively unaffected. 

When the dose was increased to 200 per cent., all the 
B. coli were killed in the treated septic liquor, and there 
were practically none found in the effiuent. As regards 
the total number of bacteria, it was noted that although 
the treatment destroyed nearly all the microbes in the 
septic liquor, a considerable number of bacteria were 
still present in the effluent. Similarly, the 200 per 
cent. treatment destroyed the nitroso-bacteria in the 
septic liquor and yet a large number of these microbes 
could still be found in the effluent. 

The 1,000 per cent. treatment killed practically all 
the bacteria in the septic liquor, and even the B. enter- 
itidis sporogenes test yielded negative results ; neverthe- 
less, the effluent, although it contained no B. coli, was 
still found to contain bacteria of other sorts. 

The bacteriological results, read in conjunction with 
the chemical results, suggest the following conclusions :— 

1. That a mature filter can continue its work of 
purification, independently of the presence of fresh 
living bacteria in the liquid undergoing treatment. 


6225—App. IV. 


2. That B. coli (and by inference the typhoid 
bacillus) can be killed in a sewage liquid, ante- 
cedently to its application to a mature filter,, 
without imperilling necessarily the bacterial activity 
and purifying ability of such a filter. 


3. That when the B. coli and nitrifying bacteria 
are killed in the liquid about to be purified on a. 
mature filter, the effluent therefrom may cease to 
yield any B. coli and yet contain many nitrifying: 
bacteria, the reason apparently being that B. coli 
is merely a “passenger,” whereas the nitrifying 
germs are “at home” in a mature filter ; and wnless 
the germicidal agent is present in so great an excess 
as to be operative throughout the entire depth of 
the filter, they may still continue to multiply and 
exercise their oxidising functions. 


4. That the evidence is against the possibility of 
a filter acting as a sort of breeding ground for any 
pathogenic bacteria, which may have been acciden- 
tally introduced into the filter through the medium 
of the onflowing sewage. For, it is to be noted that 
at the point where B. coli was killed in the septic 
liquor, but where the dose was insufficient to 
paralyse the filter itself, B. coli practically dis- 
appeared from the effluent, although the effluent 
still contained an abundance of other bacteria. 


A. C. Houston. 
October, 1909. 
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REPORT ON THE EXPERIMENTAL WORK CARRIED OUT AT DORKING 
DURING THE YEARS 1905 TO 1909 BY MR. ERIC H. RICHARDS, B.Sc. 


PREFATORY NOTE. 





The experiments described in this report have been carried out for the Commission at 
the Outfall Works of the Dorking Urban District Council, who have been so kind as to 
afford every facility for them. The Council not only supplied the site for the experimental 
plant, but also lent an excellent room for laboratory purposes. 

It should be stated at the outset that the whole of the work at Dorking was the subject 
of special preliminary consideration by the Commission. Several meetings were largely 
devoted to a discussion of the proposed experiments and two visits were subsequently paid 
to Dorking while the experiments were in progress. I should also like to refer here to the 
material help given by Mr. F. J. Willis, Secretary to the Commission, throughout the work. 


In accordance with the instructions of the Commission, each experiment was carefully 
planned by the senior members of the staff, acting along with myself. The experimental 
plant was designed by Mr. G. B, Kershaw, with the specific object of allowing the various 
processes to be readily and accurately compared; this has contributed largely to the 
success of the experiments. The conduct of the experiments was entrusted to myself, 
acting under the guidance of Dr. McGowan and Mr. C. C. Frye, who have also advised in 
the interpretation of the results as set out in this report. The experiments on the 
sterilisation of filter effluents were done under Dr. Houston’s direction. . 


Most of the analyses have been made in the laboratory at the Dorking works, but the 
majority of the samples drawn in the Limed Septic Liquor experiment and some of those 
in the Deep and Shallow Filter experiment were analysed in Dr. McGowan’s laboratory at 
Ealing by Mr. A. C. Carter, Mr. A. F. Girvan and Mr. W. G. Winterson. Dr. McGowan — 
also arranged for Mr. Carter or Mr. Girvan to.assist me occasionally in the work at Dorking ; 
the “Time of Contact”? experiments, which alone entailed-over 3,000 estimations of 
chlorine, could hardly have been carried out without their help, for which I owe them my 
hearty thanks. Mr. Girvan also suggested several improvements in the practical details 
of the installation. : 

I must further express my indebtedness to Mr. G. Somers Matthews, Surveyor to the 
Dorking Council, and to Mr. C. Webb, Works foreman, for their kind assistance throughout 
the experiments. Lastly, I should like to place on record the services of Mr. J. Taylor, 
who has been employed by the Commission and who has assisted me during the whole 
course of the experiments, mainly in connection with the outdoor work. The collection 
of the samples, among other things, rested mainly with him; and when it is stated that 
something like 12,000 samples were drawn, by day and night and in all weathers, the 
arduous nature of his duties will be readily understood. All his work was thoroughly and 
carefully done. Further, Mr. Taylor successfully carried out several structural alterations 


in the plant. 2 
K. H. R. 





NOTE ON METHODS OF ANALYSIS. 





_ The analyses given in this report have been made by the methods described in the 
Fourth Report of the Commission, Vol. IV., Part V. Attention may, however, be called 
to the following points :— : SDe | 
(1) Ammonia-free water, distilled from water slightly acidified with sulphuric acid, 
was used in all the estimations of ammoniacal and albuminoid nitrogen. _ 
(2) The term « Total Nitrogen’? means nitrogen as determined separately by the 
Kjeldahl method. 
(3) The permanganate employed in the “ oxygen-absorbed”’ tests was the 
‘ strong,” ¢.e. ($) solution (3:94 grammes KMn0, per litre). 
_ (4) The “ oxygen absorbed in 3 minutes”’ test was substituted for the “at once” tes 
in the analyses given in Part. III. 
_ (5) The determinations of dissolved oxygen were done by Winkler’s (manganese) 
method, as modified by Rideal and Stewart. . 


(6) All the percentage purifications are calculated on the atmospheric oxygen taken 
up, unless otherwise stated. : ; 
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PART I.—EXPERIMENTS ON THREE METHODS OF TANK TREATMENT. 


OBJECTS OF THE EXPERIMENTS. 


The objects of the experiments were :— 
(1) To compare the working of three processes in general use for the reduction of 
suspended matter present in sewage, viz. :— 


(a) Simple settlement with continuous flow ; 
(b) Precipitation with continuous flow ; 
(c) Open septic tank. 


(2) To compare the effluents resulting from the filtration of the above three tank 
liquors through percolating filters of coarse material. 


(3) To observe the effect of settlement followed by sand-filtration upon the filter 
effluents, with regard primarily to the removal of micro-organisms and secondarily to 
further improvement chemically. 


(4) To experiment upon the sterilization of the filter effluent. 


DORKING SEWAGE. 
The flow of sewage to the Dorking works in dry weather is about 200,000 gallons per day. 


The town is sewered on the partially separate system. A considerable amount of storm- 
water thus reaches the works in wet weather, the maximum quantity amounting to between 
two and three times the dry weather flow. 


A certain amount of subsoil water gains access to the sewers, probably about one-quarter 
to one-fifth of the dry weather flow. 


- The sewage is essentially a domestic one ; only a small amount of slaughter-house refuse 
and the waste from one small brewery come down at long intervals. 


The strength of the sewage varies greatly throughout the week, especially as regards 
suspended matter. On Monday and Tuesday it is very strong, with much suspended 
matter. During the remainder of the week it remains of moderate strength, the minimum 
being reached on Sunday, at night. 


The sewage, as used in the experiments about to be described, was sampled by twenty- 
four hours’ average samples, drawn hourly and mixed in equal fractions for each hour, ¢-e., 
according to the rate of flow to the experimental tanks. Twenty-one sets of hourly samples, 
in all, were taken in this way at intervals of fifteen days. Three samples were thus drawn, 
for each day of the week, and the figures obtained by their analysis show remarkable 
regularity for the whole period, allowance being of course made for the effect of rain on 
certain of the samples. 


It should be noted that while these average hourly air ati? represent the strength of the 
sewage as flowing over the intake to the experimental tanks, the true average figures for 
the Dorking sewage are considerably higher, as the amount of clear subsoil water which 
comes down to the works from midnight to 6 a.m. causes the aN samples to be propor- 
tionally diluted. 


This dilution of the strong day sewage with the weak night sewage, to a greater extent 
than occurs with the whole Dorking flow, had considerable effect on the results obtained 
during the year’s experiments. Firstly, it gave a lower average strength to the sewage, 
and caused great fluctuations in the strength of the tank liquors going on to the filters ; 
this is not a state of things favourable to a high percentage purification. Secondly, the 
continuous flow of sewage during the night, at a rate equal to that for the strongest day 
sewage, gave no opportunity for better settlement, as is normally the case in actual practice, 
when the small flow of night sewage allows the day sewage, already in the tanks, a much 
slower rate of flow, with better chance of settlement. 
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The following Table gives the figures of analysis for the hourly sewage samples ex- 


amined :— 
FIGURES FOR SCREENED SEWAGE.—21 Sets oF Hourty SAMPLEs. 




















Parts per 100,000 | Average. DR ace 

Ammoniacal Nitrogen (2°63 to 5:69) 4°65 (21) 
Albuminoid Nitrogen- — - oR aso | (0:56 to 1-66) 1:00 (20) 
Total-Organie Nitrogen aa/~<5 0S aie eed (1°17 to 3-11) 1:92 (20) 
Oxidized Nitrogen en) ee (0-00 to 0°76) 0-11 (21) 
Total Nitrogen (by Kjeldahl) — - - - - | (4:51 to 858) | 6-72 (20) 
“Oxygen absorbed ” at 27°C. at once - - | (1:20 to 3:41) | 2°38 (21) 

= Ee in 4 hours | (6°37 to 14:77) _ 10°01 (21) 
Chlorine ere roe | (5°58 to 1664) 8°71 (20) 
Solids in suspension - - | (11:7 to 32:8) 21:50 (21) 





SUPPLY OF SEWAGE. 


The supply of sewage to the experimental installation was taken from the channel leading 
from the main outfall to the tanks at the works of the Dorking Urban District Council. 
The sewage passes through a small grit chamber and a -inch screen before reaching this 
channel. Immediately behind this screen a floating weir delivered a constant flow of 
15,000 gallons per twenty-four hours to the tanks of the installation. Before reaching the 
latter, the flow was subdivided into three equal flows of 5,000 gallons each, per twenty-four 
hours, and these were led by open channels to the tanks. 


TANKS. 


There are four rectangular tanks, constructed of concrete with cemented surface. Three 
of these are similar in all respects, each having a capacity of 2,087 gallons. One tank 
was used for “Simple settlement” and one for “ Precipitation,” while the third was 
used for either process when one of the other two was being emptied for sludging. 


The fourth tank is similarly proportioned to the other three, but is rather more than 
twice their size, having a capacity of 5,500 gallons. This tank was used as an “ Open 
septic tank.’ All the tanks are fitted with sludge valves and floating arms. The sludge 
pipes drain to a well, from which the sludge is pumped by a chain-pump for measure- 
ment and sampling. 


METHODS OF TANK TREATMENT, | 


(1) Semple Settlement with Continuous Flow. 


The screened sewage flowed into the settling tank over a sill extending the full width of 
the tank, and flowed out over a similar sill at the opposite end. 


A uniform flow of 5,000 galllons per twenty-four hours was maintained throughout the 
experiment. This was sufficient to fill the tank in ten hours, 


Sludging.—From November 15th, 1905, when the experiment commenced, until the 
middle of June, 1906, the tank was emptied and cleaned once in each week. Before doing 
this, the spare tank was filled with sewage, so that a continuous supply of settled sewage 
was always delivered to the filter. During the hot summer weather, which lasted to the 
end of September, 1906, the tank was emptied once every four days. If allowed to run 
beyond this time, the sludge fermented and rose to the surface in large masses. The 
supernatant liquor was run off through the floating arm on to a plot of ground at a lower 
level. Owing to the shape of the tank bottom and the small amount of sludge (usually 
about 1 cube yard) which was removed each time, it was not possible to run off as much of 
the supernatant liquor as could be done on a large scale. The sludge consequently con- 
tamed a higher percentage of water than that produced in bulk, by this method of 
settlement. 


The pumping of the sludge from the well to the measuring box gave rise to some smell 
in the warm weather, but there was never any serious nuisance. The sludge was, at first, 
run into small bays and allowed to dry naturally, but as this took a very long time in the 
wet weather of the winter and early spring, the method was abandoned in May, 1906, when 
the warm weather caused the accumulation of half-dried sludge to become objectionable. 
From this time the sludge was run into the manhole of the Dorking Works, and pressed in 
the usual way with the bulk of sludge from the works. 
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The quantity of wet sludge removed from the settled sewage tank during the experiment 
amounted to 60°50 cubic yards or 46°20 tons. This contained an average of 4:26 per 
-cent. of dry solid matter; hence the actual dry solids from 1,843,000 gallons of sewage 
‘amounted to 1°97 tons. 


(2) Precipitation with Continuous Flow. 


The sewage was run into the precipitation tank in exactly the same way as described for 
“Simple settlement,” 7.¢., at the rate of 5,000 gallons per twenty-four hours, or ten hours’ 
‘settlement. Just before reaching the tank the sewage flowed through a small baffle-box, 
to ensure the thorough mixture of the precipitant, which was added at this point. 


The precipitant used throughout the experiment was “ alumino-ferric ”—first alone and 
afterwards in conjunction with lime. 


The solid precipitant was weighed out as required and dissolved in tap water in a 
40-gallon cask. The solution, after settlement to remove a small amount of grit, was run 
into another 40-gallon cask, from which a fine jet delivered it at the proper rate to the 
baffle-box beneath. 


For the first three weeks the alumino-ferric was added at the constant rate of 10 grains 
to each gallon of sewage. This did not give a satisfactory precipitation with the strong 
day sewage and was too large a quantity for the weak night sewage. The rate was then 
varied according to the strength of the sewage, 15 grains per gallon being added during 
the day and 5 grains at night, the average quantity being the same as before, 7.e., 10 grains 
per gallon. This method of working was continued for twelve weeks, but the suspended 
matter in the precipitation liquor still amounted to an average of 7:7 parts per 100,000. 
‘The addition of lime during the day, along with the “ alumino-ferric,”’ was then tried, and 
this gave distinctly better results at once. For the remainder of the year, therefore, the 
‘precipitants used were 10 grains of alumino-ferric and 5 grains of lime per gallon of sewage 
‘per twenty-four hours. The lime was added as milk of lime, and only from 8 a.m. to 5 p.m. 
-each day. 


Sludging.—The precipitation tank was emptied at exactly similar intervals to the 
‘settled sewage tank and the process was the same in both cases. The precipitation 
tank would always run slightly longer than the other, before fermentation brought the 
‘sludge to the surface. As, however, the only spare tank had to serve for both processes 
‘in turn, it was necessary to empty the sludge from each process alternately. 


The removal of the precipitation sludge never gave rise to more than local nuisance. 
Its smell was always less objectionable than that from the settled sewage tank. These 
remarks apply to fresh sludge removed from the tanks at the proper time, before fermenta- 
tion had become active. 


The precipitation sludge was always less dense than that from simple settlement, with 
.a correspondingly larger proportion of water. 


The wet sludge produced by this process amounted to 99-59 cubic yards, or 75:70 tons. 
‘This contained an average of 3-18 per cent. of dry solid matter; hence, the actual dry solid 
‘from 1,843,000 gallons of sewage was 2°41 tons. 


(3) Open Septic Tank. 


The septic tank, which is similarly proportioned to the smaller tanks, has a capacity of 
‘5,500 gallons, and a flow of 5,000 gallons per twenty-four hours was maintained throughout 
the experiment. 


The tank was first filled on November 15th, 1905, and ran for 338 days to November 
15th, 1906. From December 21st to January 15th, 1906, all the tanks were stopped while 
-some'alterations were being made to the scum-boards, but all sludge taken from the septic 
tank was replaced. There was no loss of sludge. 


3 


As the tank began to work in the late autumn, “ septic ’’ conditions were a long time in 
making their appearance. Not until March 8rd, 1906, did scum appear in any quantity, 
-when the whole surface became rapidly covered with a layer about 2 inches thick, through 
-which considerable quantities of gas were discharged. This stayed for a short time, but 
on March 7th had all disappeared. During these periods of activity the liquor had a 
typical septic smell, but between them only a stale sewage smell. On June Ist, a per- 
‘manent scum had formed, and this increased in thickness till the tank was emptied on 
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November 15th, 1906, when it averaged about 6 inches. During this latter period the 
liquor was highly septic, with a strong sulphuretted. hydrogen reaction. The suspended 
solids leaving the tank kept very constant at about 8 parts per 100,000 until the end of 
May, when flushes of solid up to 20 parts per 100,000 were discharged from the tank. The 
weather at this time was exceedingly hot, frequently 85-90° F. in the shade. The rising 
of masses of sludge between the scumboard and the outlet sill of the tank was the cause of _ 
considerable increase in the solids leaving the tank during its periods of activity. On 
March 13th an iron plate was fixed below the scumboard, being sloped downwards at an 
angle of 45° towards the end wall of the tank. This kept back a large amount of sludge, 
which would otherwise have gone on to the filter. 


When the tank was emptied, November 15th to November 21st, 1905, 17:59 cubic yards 
of sludge and scum were removed. This weighed 18°65 tons and contained 6°37 per cent. 
of dry solid ; hence the actual dry solids from 1,690,000 gallons* of sewage amounted to 
0°87 ton. The sludge had a strong smell, but gave rise to no great nuisance in the 
pumping and measuring operations. It was much darker than the other sludges, but by 
no means black. : 7 

Asa precautionary measure, 14 Ibs. of bleaching powder were added to the sludge after 
sampling. One ton of dry lime mixed with the 13°65 tons of wet sludge enabled the whole 
to be pressed with great ease, yielding about 4 tons of sludge cake. . 


It the digestion of sludge in the septic tank is calculated in the usual way, by means 
of the figures for suspended solids in the sewage and septic liquor, in conjunction with 
the weight of sludge removed from the tank, the result is a digestion of only 1:86 per 
cent. on the suspended matter in the sewage, as shown by the hourly average samples. 
This result is certainly incorrect. 

When, however, the figures for the volatile or organic matter are taken, instead of the 
figures for total suspended solids, which include non-volatile matter or grit, the calcula- — 
tion shows a digestion of 16°3 per cent. on the volatile portion.of the suspended matter 
entering the tank as sewage. This shows that the amount of grit which found its way to 
the experimental tanks in the course of the year was considerably greater than was indi- 
cated by the hourly samples of sewage. | ge 

Another estimate of the digestion can be based upon the total dry solid matter taken — 
from the settled sewage tank as sludge, added to the dry solid matter leaving the settled 
sewage tank in the liquor. These, together, should give a total differing by very iittle 
from the true value of the dry solid matter entering each tank. The figures are based 
on a flow of 1,690,000 gallons through each tank. 


Dry solid matter taken from settled sewage tank as sludge — - 4, 042 Ibs. 





- 63 leaving tank in settled sewage - - - 1,587 ., 
Dry solid matter entering each tank in sewage - - -  ~- 5,629 
Deduct the dry solid matter leaving septic tank in tank liquor - 1,617 ” 
Dry solid matter lett in septic tank soouealdy $c: bocubkorg 40a 
Dry solid matter taken from septic tank as sludge - - - 1,949 _,, 
Digestion of sludge—(4,012—1,949) x 100 - - = - 36°65 per cent. 
5,629 7 ; 


This figure is probably very near the true value, but in view of the discrepancy between 
the solids as calculated from the sewage samples and those removed as sludge, it is safer 
to state that the septic tank process, as carried out in this experiment, digested not 
more than 36 per cent. of the solid matter in the sewage. 


The discrepancy between the solids, as given by the hourly sewage samples and the 
amounts of sludge taken from the tanks, is probably due to the following cause. The 
floating weir which controlled the flow of sewage to the tanks is placed immediately against 
the sluice gates of the screens and catch-pits at the Dorking works. When these gates 
were changed, in the course of cleaning the screens or emptying the catch-pits, a large 
amount of heavy detritus must have passed over the weir into the experimental tanks. 
These disturbances were not properly represented in the hourly sewage samples. Un- 
fortunately this source of error was not detected until late in the year. 





* The difference of 153,000 gallons between this amount and that passed through the settled sewage and 
precipitation tanks is due to the doubling of the flow of sewage to the latter when the spare tank was filling. 


eat 
SAMPLING OF TANK LIQUORS. 


As it was not desired to pass the whole flow of liquor from each tank through its corres- 
ponding filter, the surplus was run through a by-pass on to plots of land at a lower level, 
which also treated the liquor run off when the settled sewage and precipitation tanks 
were being cleaned. 

When all three filters were working at the rate of 120 gallons per cube yard per day, 
the amount of tank liquor passing to each filter was 2,880 gallons, 2,120 gallons flowing 
away through the by-pass. From these by-passes the samples of tank liquor were drawn. 

Throughout the whole experiment a regular system of average samples, taken every 
half hour for 34 hours on every eighth day, was adhered to. The first set of samples 
‘was drawn on Tuesday, November 21st, 1905, from 8 a.m. to 11.30 a.m.; the second on 
Wednesday, November 29th, from 12 noon to 3.30 p.m., and so on throughout the year. 
The time of drawing was advanced four hours each week, and after six sets had thus 
been drawn, the seventh was advanced eight hours, so that the samples drawn on a Tuesday 
for the second time commenced at 12 noon instead of 8 a.m. In this way the strength 
and character of the sewage as it varied at different times were represented in the average 
samples. 

The eight samples of each tank liquor were mixed in equal quantities, and the average 
samples thus obtained, if drawn before 12 noon, were at once analysed. If drawn after 
mid-day, they were placed in the ice-box till the following morning. 

The average figures of analysis from the various tank liquors are given in the following 
tables :— . 


AVERAGE FiguRES FoR TANK Liquors; 40 SETS OF 4 HOURS’ AVERAGE SAMPLES IN 











EACH CASE. 
Settled Sewage. Precipitation Liquor. Septic Tank Liquor. 
Number 
of Esti- 
Parts per 100,000. — Ayers Eos a Ayer mations 
age. age. age. | seach 
case. 


Ammoniacal Nitrogen. - | (2°33 to 7:96) | 4:97 | (2°00 to 7:72) | 4°76 | (257 to 7:78) | 5:27 (34) 
Albuminoid Nitrogen - | (0°37 ,, 1:40) | 0°84 | (0:23 ,, 1:14) | 0°59 | (0.35 ,, 1:26) | 0°80 (34) 
Total Organic Nitrogen - | (0°54 ,, 2°84) | 1°69 | (0°41 ,, 2°82) | 1:33 | (0°79 ,, 2:93) | 1°74 (15) 
0-28) 
9°62) 











Oxidised Nitrogen - 23 }9 (020025, 0:02 | (0:00 ,, 0°62) | 0:07 —_ 0:00 (34) 
6-59 | (2°39 ,, 9:29) | 5:97 | (3:82 to 9-48) | 7-08 | (15) 
































Total Nitrogen - Sys AG. “5 
Oxygen absorbed at 27° 
C. at once - - - | (0°66 ,, 3°56) | 1:97 | (0°25 ,, 2°72) | 1:26 | (0°62 ,, 3-51) | 1:99 (39) 
Oxygen absorbed in 4 
hours - -  -| (3:30 ,, 14:67) | 7-75 | (1°59 ,, 11:85) | 5-71 | (3-23 ,, 13-96) | 7-70 | (40) 
Solids in suspension - | (36 ,, 23°7) | 9:39 | (2°99 ,,16°7) | 671) (3:5 ,, 20:1) | 9°57 (39) 
| ; | 3¢ 1 3 [sa 
Precipitation Liquor ; Sp 2 | Precipitation Liquor; | 3 
— Alumino-ferric alone, | & 4 = Alumino-ferric & Lime,| & 2 3 
10 grains per gallon. a 5s‘s | 10 grains + 5 grains. ge 5.5 
Ags | Aw 
Ammoniacal Nitrogen - : (2°12 to 7-72) 4:76 | (16) (2°00 to 6°38) 476 | (18) 
Albuminoid Nitrogen - - (0°23 to 1:04) 0°60 | (16) (0-28 to 1-14) 0:57 | (18) 
Total Organic Nitrogen - (0°41 to 2°82) 145 | (7) (0°60 to 2°13) 1:23 | (8) 
Oxidised Nitrogen ° - (0°00 to 0°62) 0-14 | (16) Trace | (18) 
‘Total Nitrogen - - - (3°08 to 9°29) 631 | (7) (2°39 to 8-25) 5°67 | (8) 
Oxygen absorbed at 27° C. at | 
once stervevic, of ber - 0:25 to 2°50 139 | (17 0°47 to 2°72 ‘ 2 
Oxygen absorbed at 27° C. in at) ? eed ie 
ROAST) - - (1°84 to 11°85) 6°81 | (18) |. (1°59 to 11°45) 4°82 | (22) 
Solids in Suspension - - (2°9 to 16-7) 8:13 | (18) (3°2 to 12°7) 5°49 | (21) 





SS SRT ST ST a a aa a a TS OY 
TANK LIQUORS. 
Settled Sewage and Septic Tank Liquor. 


The foregoing figures of analysis show very little difference between the settled sewage 
and the septic tank liquor. The ammoniacal and total nitrogen in the latter are slightly 
higher, and there is no oxidised nitrogen. The suspended solids in the septic liquor are 
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only 0:2 per 100,000 higher than those in the settled sewage ; this is perhaps the point of 
greatest importance, in comparing these two liquors. It will be observed that the ex- 
treme figures are very similar in the two cases, but in this connection it should be noted 
that while they both varied greatly in strength within the twenty-four hours at the begin- 
ning of the experiment (being at some times three or four times as strong as at others*) 
this variation in the septic liquor decreased as the tank grew mature. During the last 
six months of the year’s working, the ammoniacal nitrogen in the septic liquor varied 
from 4°28 to 6:90, the corresponding variation for the settled sewage being from 2:58 to 
6:78. The suspended matter in the settled sewage remained at a very constant average 
for the whole year, but the sludging of the tank every four days in the hot weather dis- 
tinctly reduced the solids leaving the tank. The suspended solids in the septic liquor 
remained very constant for the first six months, at an average of 8:0 per 100,000. From 
May 22nd, 1906, the tank became very active, and the suspended solids in the liquor 
increased greatly, tillon July 19th 20:1 parts per 100,000 were found. This was the 
highest figure for the year. With the return of cooler weather in September, the solids 
fell again to an average of 8:3 per 100,000. 

During the greater part of the year the appearance of the settled sewage and septic tank 
liquors was very similar, but while the flushes of solid were taking place in the hot weather, 
the latter contained much fine black suspended matter of quite different character from that 
in the settled sewage. With regard to smell, the settled sewage usually had a more or less 
strong sewage smell when drawn, but was never very offensive even in the hottest weather. 
The septic liquor, on the other hand, had a stale sewage smell during the winter months, 
which became increasingly offensive, till in July it gave rise to distinct nuisance in the 
immediate neighbourhood of the outlet channel to the filter. The liquor then gave off 

‘much hydrogen sulphide, and left a yellow deposit—probably sulphur—in the channels. 

The liquid in both settled sewage and septic liquor had a brownish tint, the latter being 

slightly the darker. | . 
Precipitation Inquor. . 

As the precipitation liquor differed in many points from the settled sewage and septic 
liquor, it may be considered separately. | 

Its figures of analysis for the year show that in suspended solids and the analytical 
values affected by them, the precipitation liquor is about 30 per cent. weaker than the other 
tank liquors. ey 

The use of lime and alumino-ferric as precipitants produced much lower figures for 
suspended solids and “four hours’ oxygen absorbed,” compared with those produced by 
alumino-ferric alone. But while the addition of lime gave an undoubtedly better pre- 
cipitation liquor, no strict comparison can be made between the two methods, as they were 
not in use at the same time under exactly similar conditions, Trek 

The variations in strength of the precipitation liquor during the twenty-four hours 
followed those of the settled sewage. A small but appreciable amount of oxidised nitrogen 
derived from the subsoil water in the weak night sewage was usually present in the samples 
drawn between 4 a.m. and 11.30 a.m. ; 

When alumino-ferric alone was used as a precipitant, a considerable amount of the 
precipitate always passed out of the tank, and this increased with the time of running since 
the tank was last cleaned. The addition of lime as precipitant reduced this very ap- 
preciably. It may be remarked here that in practical working on the large scale, the strong 
day sewage with its proportional mixture of precipitant has usually a much slower rate of 
flow than the average through the tank, owing to the reduction in the flow of sewage during 
the night. This slow rate of flow assists the settlement of suspended solids, but with the 
uniform flow adopted in this experiment, no such benefit was derived. | 


The suspended solids in the precipitation liquor from alumino-ferric alone, which averaged 
8°13 per 100,000, were always light coloured and flocculent. They settled readily on stand- 
ing for one to two hours, leaving an almost colourless, clear, supernatant liquor. 


The addition of lime together with alumino-ferric reduced the average suspended solids 
in the liquor to 5°49 per 100,000. The colour was slightly more brown than before, but 
there was little flocculent solid. If the means necessary for adding the lime (as milk 
of lime) automatically and regularly from 8 a.m. to 8 p.m. had been available, the average 
could have been kept below 5 parts per 100,000, in all probability. 

The precipitation liquor always had a typical and not very unpleasant smell. It never 
gave rise to any nuisance either from the tank or in distribution. 


* Ammoniacal nitrogen in settled sewage 2-23 to 7°96. 
4 f ,, Septic tank liquor 2°57 to 7°78. 
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PERCENTAGE REDUCTIONS FOR TANK Liquors CALCULATED ON THE HouRLY SEWAGE SAMPLES. 














Settled Precipitation | Precipitation ae 
ra Se eaee Liquor; Al.-ferric| Liquor; Al.-ferric| Septic Liquor. 
Be alone. and Lime. 

Ammoniacal Nitrogen - - - - *7 #2 *2 *13 
Albuminoid ‘ - - - - 16 40 43 20 
Total Organic __,, - - - f 20 32 42 18 
Total - le : 2 6 15 *5(2) 
“Oxygen absorbed” in 4 hours - : 23 32 52 
Suspended Solids - -~— - : - 56 62 74 55 











The points of interest in the above table of percentage reductions for the three tank 
liquors are :— 


(1) The similarity in the figures for settled sewage and septic tank liquor. 


(2) The superiority of the precipitation liquor over the other two as regards re- 
duction of suspended solids and, consequently, of the figures for organic nitrogen 
and ‘‘ oxygen absorbed,” 


(8) The considerably greater reduction obtained by precipitation with lime and 
alumino-ferric, as compared with alumino-ferric alone. The 52 per cent. reduction 
in “ oxygen absorbed,” when using the two precipitants, is a distinctly satisfactory 
result. 


FILTERS. 


The three filters are octagonal in section, constructed of timber framework, each standing 
on a cemented concrete floor. 

The diameter of each filter is 12 feet. 

The superficial area of each filter is 12:75 square yards. 

The depth of filtering material of each filter is 5 feet 7 inches. 

The cubic content of each filter is 23:74 cube yards. 


The filtering material consists of clinker ranging from 2 to 4 inches in diameter, resting 
on a false bottom of perforated tiles. Owing to the local circumstances, the fall given 
to the separate floors of each filter was not as great as experience showed to be desirable. 
The small flow of effluent was not sufficient to carry the heavier suspended matter along as 
quickly as it was deposited on the floor at certain times. The effect of this was to spread 
the flushes of solid over a longer time than would otherwise have been the case, but with a 
corresponding reduction in the figures recorded. 


The distribution of the tank liquors was effected by three revolving sprinklers. 
It was found that the smallest rate of flow at which the sprinklers could be kept rotating 
was one of 2,880 gallons for twenty-four hours. The distribution at this rate, which is 
equal to 120 gallons per cube yard per day, was not as good as it might have been, owing 
to the small number of jets falling on each filter. Five holes were used in each sprinkler, 
and to improve the distribution spreaders were fixed to the three inner holes, so that the 
jet by impinging upon these was sprayed over a larger area. The conditions were made 
absolutely alike for all the three filters during the first section of the experiment, when 
each was working at the rate of 120 gallons per cube yard per day. 


When the rate of filtration of the precipitation liquor was increased to 175, and sub- 
sequently to 211 gallons per cube yard per day, it became necessary to bring first one, and 
then two more holes into use. This gave a slightly better distribution than at the 
120 gallon rate. 


‘The holes in the sprinkler arms required constant attention, to keep them free from 
small pieces of fat or other coarse suspended matter brought over in the tank liquors. 
_ The sprinkler distributing precipitation liquor naturally gave the least trouble in this 
respect. 


The effluents were led by 3-inch earthenware pipes to a small brick chamber, at which the 
flow from each filter could be measured by a weir. At these weirs the samples of unsettled 
effluent were drawn. 


* These figures are percentage increase. 
6225.—App. IV. 2A2 
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Sampling of Unsettled Effluent. 


The samples of effluent were drawn so as to correspond as nearly as possible with the 
samples of tank liquor taken in the manner previously described. They were, therefore, 
drawn about five minutes after the corresponding tank liquors, at intervals of thirty minutes 
for 34 hours, or 8 samples for each effluent. The half-hourly samples were mixed in equal 
quantities, and the average sample thus obtained was at once placed in the ice-box. 
The effluents were in nearly all cases analysed within forty-eight hours of drawing, 1.e., 
on the day after the analysis of the corresponding tank liquors. 


Working of Filters. 


The filters began working on November 16th, 1905, and each received a continuous 
supply of tank liquor at the rate of 120 gallons per cube yard per day. Owing to the 
somewhat high rate of working and the cold weather, they matured very slowly. In 
the second week the surface of the clinker on each filter began to show rings of growth 
in the track of each jet from the sprinkler arms. This growth increased steadily on all the 
filters, and on December 2st it was sufficient to cause slight ponding on the filter treating 
settled sewage. On this filter the growth was grey-brown in colour and not very tenacious, 
and that on the filter treating septic liquor was similar, but rather lighter in colour. 
On the filter treating precipitation liquor, however, the growth was of a different nature, 
pinkish-yellow in colour, fleshy, and very tenacious.* 


It was considered advisable to rest the filters at this stage. They were, therefore, all 
three stopped on December 21st, 1908. 


During this period the effluents were all of poor quality, with little or no oxidised nitrogen. 
They failed with one exception to pass the incubator tests. This exception was a sample 
of effluent from precipitation liquor at the weakest time of the twenty-four hours. 7 


On January 16th, 1906, the filters were again put to work. The growth on the surfaces 
had dried up to a considerable extent, and those spots where the clinker had been trodden 
on, in attending to the sprinklers, were forked over. 


The effect of the rest was at once evident in the next samples of effluent taken on January 
Q1st. They each contained rather more than 1 part per 100,000 of oxidised nitrogen, 
which enabled them to pass the incubator tests, notwithstanding a marked increase in 
the suspended matter in all three. The effluents derived from settled sewage and septic 
liquor were both brown-tinted, and slightly opalescent. The former had 11:1 parts per 
100,000 of well-defined, dark brown suspended matter, which settled readily on standing ; 
the latter 6°9 parts of finer solid, which did not settle so easily. They both had an 
earthy smell. The effluent from precipitation liquor, on the other hand, was bright and. 
almost colourless, with 8:0 parts of fine brown solid, which settled rapidly. It hada 
very clean earthy smell, and was distinctly the best effluent of the three. 


The filters were kept working continuously, and as they matured the effluents improved 
in quality, but maintained the relative characteristics of the samples described above. 
The suspended matter decreased in all three effluents, but especially in that from the 
filter treating precipitation liquor, so that on February 22nd the latter contained only 
1:5 parts per 100,000, while the “settled sewage” and “septic” filter effluents con- 
tained 4°6 and 6°8 parts respectively. This fact is of importance in view of what was 
happening upon the surface of the filters. The growths, as previously described, had again 
flourished exceedingly on all the filters, but were not thick enough upon either the settled 
sewage or septic filter to interfere with the aeration or to cause any ponding. On the 
“ precipitation’’ filter, however, the fleshy nature of the growth caused it to fill the 
interstitial spaces along the track of each jet from the sprinkler, so as to cause local 
ponding and impede the surface aeration. From this time the nitrifying power of the filter 
began to deteriorate, so that on March 3rd the effluents contained :— 











From (1) Settled Sewage. (2) ha er (3) Septic Liquor. 
Oxidised Nitrogen - 2 “ ‘ 2°57 | 1:93 2°41 








while on March 11th the suspended matter in each case was :—4°9, 0°6, 5°9. 








__* A sample of growth collected from the coarse filters treating precipitation liquor in March, 1908, was 
identified as “‘ Cladothrix dichotoma, Cohn,” by Dr. Massee, of the Royal Gardens, Kew. 
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The effluent from precipitation liquor now began to show opalescence, and on March 
27th, when the surface growth had reached its maximum development, the incubated 
sample became putrid. 

The more important figures of analysis for the three effluents, drawn at this date, are 
given below. They are from a very strong soapy sewage containing 9 parts of (total) 
nitrogen per 100,000, and giving a “four hours’ oxygen absorbed” figure of 15, 
approximately. : 























Effluent from baa ke on Effluent from 
ree re Settled Sewage. recipitation | Septic Liquor. 
Liquor. 
Ammoniacal Nitrogen - - - - - : 3°06 4°34 3°15 
Albuminoid o - : - : - - 0:28 0°32 0°33 
Oxidised es - - - - - - 2°18 1:04 2°27 
“* Oxygen absorbed” in 4 hours — - - : 2°92 317 2°86 
Dissolved Oxygen taken up in 24 hours - 0-99 1:70 0-94 
Incubator tests : - - : - - Passed. Failed. Passed. 
Suspended solids - - - 2°3 2°3 3°9 








From the above table it will be seen that, while the figures for ammoniacal and oxidised 
nitrogen show quite clearly the effects of deficient aeration in the precipitation filter, 
those for albuminoid nitrogen and four hours’ “oxygen absorbed ” give little indication 
of this, in comparison with the results from the other two filters. On the other hand, the 
twenty-four hours’ aeration test brings out the difference very plainly.. Thealbuminoid 
nitrogen and “ oxygen absorbed ” figures must be compared with those for the normal 
effluent from precipitation liquor, to bring out their inferiority. This important point will 
be referred to again when, considering the whole of the results for this section of the experi- 
ment (cf. p. 183). 

For three weeks from this date the “ precipitation ”’ effluent continued to be putrescible, 
and samples had a bad or doubtful smell when drawn. On March 30th some strings of 
light grey suspended matter were noticed in the effluent, which proved on examination 
to be some kind of growth, apparently dead or dying. This washing out process continued 
for two or three weeks, some large masses oi growth blocking the 3-inch pipe leading from 
the filter, so that it had to be frequently cleaned out. 

This dead growth differed from that which had flourished, and was still present, upon 
the surface of the filter. It was of a loose, fibrous nature, and showed a mass of fine hyphae 
under the microscope. It putrefied on incubation. 

On April 13th the last bad sample was drawn from the “ precipitation ”’ filter. The 
following table of figures for the twenty-four hours’ aeration test on the paper-filtered and 
original effluent shows that the liquid portion of the precipitation effluent, as distinct 
from the dead growth or other suspended matter, was not well purified. 

















Hffluentfrom | Effluent from | Effluent from 
aa Settled Sewage | Precipitation | Septic Liquor. 
No. 111. Liquor. No. 112. No. 113. 

Dissolved Oxygen taken up in 24 howrs at 18°C. by 

original sample — - -. - - - - 0°95 1:88 1:16 
Dissolved Oxygen taken up in 24 hours at 18°C. by paper 

filtered sample - . - : . - - 0-52 1°33 Probably 0:-6* 
Suspended solids - - - - : 2°6 3°0 2°9 








a ——« 





* Uwing to an accident, the exact figure cannot be given. 


While the filter treating precipitation liquor was suffering from this choking by growth 
and its subsequent discharge, the other two filters gave no sign of deficient aeration, nor was 
there any appreciable discharge of solids in their effluents. As, however, by the end of 
April the surfaces of both the settled sewage and sptic filters were practically free from 

rowth, it is probable that the same phenomena which deranged the precipitation 
’ filter took place in their case, but on a very much reduced scale. The growth on the 
precipitation filter was still thick enough to cause local ponding, but it showed no recent 
increase. The aeration of the filter now began to improve, for a sample of effluent drawn 
on April 21st was of good quality, well nitrated, and passed the incubator tests, 
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On May 2nd the tank liquors were shut off and the filters all rested for seven days in 
warm, dry weather. The object of this rest was to dry up the growth on the precipitation 
filter, and enable it to be washed through more readily. 

The question naturally arises as to why the precipitation liquor should favour this 
luxuriant growth so much more than the other tank liquors. It is possible that 
the relative weakness of the precipitation liquor, containing as it did at this time a small 
amount of nitrate derived from the subsoil water, assisted the growth of the fungus; 
but further investigation is required before this question can be definitely answered. 

On May 9th the filters were started again after the seven days’ rest. The growth on the 
settled sewage and septic filters had practically disappeared, while on the precipitation 
filter it had shrivelled up very much. A great quantity of suspended matter now came 
down from all three filters, especially from that treating precipitation liquor. The solids 
were well aggregated and settled thickly on the floors of the filters, which had not fall enough 
to carry them down to the effluent pipes as quickly as they were deposited from the filter. 
No more dead growth in masses came out from the precipitation filter, but much light- 
brown suspended matter which settled quickly. Apart from suspended solids this effluent 
was now satisfactory. It contained 1:8 parts per 100,000 of oxidised nitrogen and passed 
the incubator tests. The climax of the flush-out of suspended matter was reached on 
May 22nd. Samples taken from 8 to 11.80 p.m. gave very high figures for suspended 
matter, the 34:0 parts per 100,000 in the precipitation effluent being by far the highest 
figure recorded during the year’s working. It is important to notice that, notwithstanding 
the excessive quantity of solids in all the effluents, they passed the incubator tests. 
The effluent from the precipitation filter, however, only just passed. | 

The greater part of this flush-out of suspended solids evidently consisted of matter 
retained in the filter during the period of maximum growth in the early spring, when the 
suspended solids fell to 0°6 per 100,000, and did not exceed 4:0 for twelve consecutive 
weeks. The precipitation liquor was putting 7°11 parts per 100,000 on to the filter 
throughout this period. : 

A large number of fine white worms appeared at this time in all the filter effluents, but 
there were considerably less in the precipitation effluent than in the other two. These 
were followed by flies in great quantity. 

The warm dry weather experienced during June suited the filters admirably. The 
ammoniacal nitrogen fell to 1:5 per 100,000, while the oxidised nitrogen rose to 3-0 in all 
the effluents. The solids, however, kept at about 7 parts per 100,000 in each effluent, thus 

causing the “oxygen absorbed ” and other figures affected by them to remain at a high 
average, 

On July 5th this section of the experiment was brought to anend. The results obtained 
for all samples drawn from February 6th to July 2nd, 1906, are given in the following table. 


TABLE No. 1. 
TABLE OF AVERAGE FIGURES OF ANALYSIS FOR EFFLUENTS FROM FILTERS TREATING SETTLED SEWAGE, 
PRECIPITATION LiguoR AND Septic TANK LIQUOR, EACH AT THE RATE OF 120 GALLONS PER CUBE 
YARD PER DAY. ALL SAMPLES INCLUDED. 
































Effluent vas Effluent from | fee Effluent from rere s Number of 
Parts per 100,000. from Settled |/*Y€""| Precipitation “*‘°"| Septic Tank ae Estimations 
Sewage. age. Liquor. ok? Liquor. 8°: | in each case. 
Ammoniacal Nitrogen — - - | (0°96 to 3°74) | 2°23 | (0°69 to 4°34) | 2:43 | (0°88 to 4°11) | 9:10 (14) 
Albuminoid Nitrogen - ~ - | (0°19 to 0°62) | 9:33 | (0:08 to 0°68) | 0:27 | (0°19 to 0°62) | 0°34 (14) 
Total organic Nitrogen  - - | (0°29 to 1°42) | Q:7g | (0-21 to 1°67) | 0°74 | (0°41 to 1°22) | 0°74 (7) 
Oxidised Nitrogen - - - | (1°31 to 2°29) | 9:37 | (0°80 to 3°18) | 1°92 | (1°66 to 3°30) | 2°49 (14) 
Total Nitrogen - - -  - | (3°52 to 6°75) | 5-39 | (2°96 to 6°87) | 5:12) (3°86 to 718) | 5-38 (7) 
“Oxygen absorbed” at 27°C.at once, (0°59 to 1°81) 0:92 | (0°21 to 2°17) | 9°68 | (0°55 to 2°10) | 0-96 | (18) 
“Oxygen absorbed” in 4 hours - | (2°01 to 5°99) | 3-g% | (0°81 to 6°99) | 2-61 | (1°76 to 6°10) | 3°51 (18) 
Dissolved oxygen taken up in 
24 hours at 18° C.- — - — = | (0°24 to 1°56) | Q-gg | (0°10 to 2°82) | 0°93 | (0°36 to 1:44) | 0°82 | (15 to 16) 
* Dissolved oxygen taken up zn 5 
days at 18° C. - = = | (1°24 to 7°83) | 3-91 | (0°55 to 12°96)) 3-63 | (1:20to 6-41) | 3°73 | (13 to 14) 
14 passed 
Incubator test (by smell) - - | i ane 3 Failed 2 posed (18) 
Pe ne : | 1 doubtful ey 
Solids in suspension - - | (16 to 107) | 5-97 | (06 to 34:0) | 700) (13 toll) | 644 (18) 

















* 2 samples of effluent from settled sewage Ns 
3 samples of effluent from precipitation liquor feshansted all the oxygen available in the diluting water. 
4 samples of effluent from septic tank liquor 
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On considering the results given in Table No. 1, it is evident that the effluents from the 
filters treating settled sewage and septic liquor, respectively, are for all practical purposes 
identical. 


The greatest difference is in suspended solids, the figure for which is slightly higher in 
the effluent from septic liquor. The figure for dissolved oxygen taken up in five days by 
this effluent is lower than the reality ; the effluent had exhausted all the available oxygen 
in four out of thirteen estimations. 


All the eighteen samples of each of these two effluents were quite sweet after five days’ 
incubation, although the ratio of oxidised to unoxidised nitrogen was not a high one. This 
ratio was a steadily increasing one throughout this section of the experiment, as the filters 
matured with the rising of the atmospheric temperature from February to July. 


Taken all round these effluents are of fair quality, but require to have their suspended 
matter reduced at least 50 per cent., either by subsequent settlement or fine filtration. 


The figures given in the centre column fér the effluent from the filter treating precipitation 
liquor are far less easily compared with those for the other two effluents. The effects of the 
fungoid growth upon five out of the eighteen samples are great. enough to entirely change 
the relative position of many of the figures. To show this clearly another Table, No. 1A, 


is given. 


Three of the five baa samples, Nos. 96, 105, and 112, taken in April, were very poorly 
oxidised owing to the choking of the filter, but they contained little suspended matter. 
The other two samples, Nos. i146 and 154, taken four and five weeks later, contained 
excessive amounts of dead growth and other suspended matter previously held up by the 
filter. The first three all putrefied on incubation. One of the other two, No. 154, gave a 
doubtful result, probably from unascertained causes. 


; Samples Nos. 146:and 154 raised the average figure for suspended matter very con-. 
siderably. They contained 34 and 24 parts of suspended matter respectively. 


The most interesting point mm connection with the effluent from precipitation liquor is the. 
relation between the “ oxygen absorbed ” from permanganate and the dissolved oxygen 
taken wp from tap-water in the aeration tests. Unfortunately the capacity of the effluents — 
to take up oxygen was under-estimated in some cases, so that the average figures | 
for five days’ aeration are in each case lower than the true value, especially in 
the effluent from precipitation liquor. They show, however, that at least that 
amount of oxygen stated was taken up. The twenty-four hours’ estimations, are correct, 
as there was an excess of available oxygen in every case. It will be noticed that 
while the “oxygen absorbed” figures for the effluent from precipitation liquor are 
much lower than those for either of the other two effluents, the reverse is the 
ease with the figures for dissolved oxygen taken up in twenty-four hours, and this. 
would undoubtedly have also held for the five days’ estimations, if enough oxygen had 
lbeen given to all the samples. It may be stated here that this relation holds good in all 
the comparative samples examined during the year’s working. It is of considerable im- 
portance with regard to the question of standards. For, an effluent derived from a 
precipitation process would be passed on the “ oxygen absorbed ” test, while effluents 
derived from other processes would be condemned, although as regards their absorption of 
dissolved oxygen they might be the better samples. This result is due to the difference in 
the ag of the apes matter in the two types of effluent, for in the paper filtered 
samples there 1s a fairly close agreement between the “ oxygen absorbed ” 
testa, (cf. Table No. 3.) i 6 PR tie 


Although three samples of effluent from the filter treating precipitation liqu iled t 
pass the incubator test, the figures given in Tables 1A, 2 and 3 stip ye ise this tasers 
have maintained a very high standard of purity if the experiment had continued under the 
same conditions for a whole year after the filter was once matured. It is, of course, possible 
that by resting the filters at suitable times, the growth might be kept down to such limits 

that the extreme conditions of the experiment, which has just been detailed, would never 

arise.* ‘The flexibility of the process as regards the amount of liquor capable of treatment 
‘on a given capacity of the filter is here in its favour, as it would enable one or more filters 
to be rested while the others were worked temporarily at an increased rate. 


* See Part III. ; also Sixth Report of the Commission, App. JI., p. 24. 
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TABLE No. 1A. 

TABLE OF AVERAGE FIGURES OF ANALYSIS FROM THE SAME SAMPLES AS IN TABLE NO. I, BUT WITH 5 
SAMPLES OF EFFLUENT FROM THE FILTER TREATING PRECIPITATION Liquor OMITTED. THE CORRE- 
SPONDING SAMPLES OF EFFLUENT FROM THE FILTERS TREATING SETTLED SEWAGE AND SEPTIC TANK 
LIQUOR ARE ALSO OMITTED, TO MAKE THE TABLE STRICTLY COMPARATIVE, 














Effluent from Effluent from Number of 
Effluent from | Aver-| precinitati AVOTe ices Aver- im Der 
: 0, s “ a recipitation Septic Tank < Estimations 
Parts per 100,00 Settled Sewage. age. Tiguan age. fete 28°. jin each case. 
Ammoniacal Nitrogen - -| (0:96 to 3°44) | 1°91 | (0°69 to 3°80) | 9°92] (0°88 to 3°39) | 1°70 (11) 
Albuminoid Nitrogen- - - | (0°19t0 0°46) | 0°80} (0.08 to0°30) | Q'2Q1 | (0°19t0 0°50) | 0°31 (11) 
Oxidised Nitrogen - -  - | (1°81 to3'29) | 2°48%| (1°40to 3°18) | 979 | (1°66 to 3°30) | 9°55 (11) 
Oxygen absorbed at 27° C. at once | (0°59 to 1°58) | 0°86 | (0°21 to 0°95) | Q'46} (0°55 to151) | O85 (13) 
Oxygen absorbed at 27° C. in 4 | (2°01 to 4°37) | 3°04 | (0°81 to 3-21) | 1°89 | (1°76 to 5°34) | 349 (13) 
hours 
Dissolved Oxygen taken up zn | (0'24t00°97) | 9°63] (0°10 t00°96) | 9°59 | (0°36 to1'39) | g-79Q | (10 to 11) 
24 hours at 18° C. 
Dissolved Oxygen taken up in | (1'24to6°01) | 3°24] (0°55 to 4°59) | 2°95 | (1:20 t05°84) | 3°97 | (9 to 10) 
Ce nae 13 1 1 d 13 d (13) 
passec 3 passe passe : 
Incubator Test (by smell) - - 0 failed” % failed 0 failed 
Solids in suspension - - - | (16 tol0°6) | 615 | (0°61 to 8°7) | 4°50 | (13 to 114) | 6°79 (13) 








Increased Rate of Filtration for Precipitation Laquor. 

As the results of the previous experiments showed that the normal effluent from the 
filter treating precipitation liquor was approximately 33 per cent. better than either of 
those from the other processes, as judged by the four hours “‘ oxygen absorbed ” test, it 
was decided to increase the rate of filtration in the case of this liquor. On July 5th the 
flow of tank liquor to this filter was raised to 4,200 gallons per twenty-four hours, or 175 
gallons per cube yard per day. This rate of working was continued until August 28th, 
the settled sewage and septic liquor being continued at the same rate as before, viz., 120 
gallons per cube yard. The weather was extremely hot throughout this period. The 
septic tank was in great activity, so that large amounts of suspended matter passed on to 
the filter, and there was a marked increase in the solids coming out with the effluent from 
this filter, as much as 16°5 parts per 100,000 being estimated on August 12th. 

On the other hand, the solids in the effluent from settled sewage showed no tendency to 
increase, but remained at about.4 parts per 100,000, or rather below its average figure. 

The increased rate of filtration caused no deterioration in the effluent from precipitation 
liquor. It continued to be easily the best effluent of the three. The amount of dissolved 
oxygen taken up in five days was the only point of inferiority to the effluent from settled 
sewage. This was due to the suspended matter, to which this test is especially sensitive. 


TABLE No. 2. 
Samples drawn July 11th to August 20th, 1906. 


TABLE OF AVERAGE FIGURES OF ANALYSIS FOR EFFLUENT FROM FILTER TREATING PRECIPITATION Liquor aT 
175 GALLons PER Cube YARD PER Day, AND FOR EFFLUENTS FROM FILTERS TREATING SETTLED SEWAGE 

















AND Septic Tank Liquor, EACH AT 120 GaLLons PER CuBE YaRD. 
Effluent Effluent from Effluent from Number of 
Parts per 100,000. from Settled eck: Precipitation aXe Septic Tank HY Estimations 
Sewage. Be Liquor. ee Liquor. ©“ lin each case. 
Ammoniacal Nitrogen-  -- = - | (0°56 to 1°56) | 1°05 | (0°23 to 1°30) | 0°81 | (1°26 to 2°19) | 166 (5) 
Albuminoid Nitrogen - = - | (0°12 to 0°32) ; 0°25 | (0°13 to 0°28) | 0°19 | (0°35 to 0°51) | 0°43 (5) 
Total Organic Nitrogen - — - | (0°52 to 0°71) | 0°65 | (0°44 to 0°79) | 0°57 | (0°43 to 0°86) | 0°70 (3) 
Oxidised Nitrogen” - - - | (1°62 to 4°04) | 9°66 | (2°28 to 3°64) | 2°93 | (2°22 to 4°02) | 2°93 (5) 
Total Nitrogen - - - = -| (3°16 to 5°53) | 4:59 | (3°23 to 5°10) | 4°47 | (4°48 to 5°92) | 5°37 (3) 
Oxygen absorbed at 27° C. at once | (0°40 to 1°27) 0°74 | (0°28 to 0°92) | 0°62 | (1°14 to 1°92) | 159 (6) 
Oxygen absorbed at 27° C. im 4 | (1°34 to 3°99) | 9-65 | (0°90 to 2°91) | 1'80 | (3°95 to 44) | 518 (6) 
Ours 
Dissolved Oxygen taken up 7m 24 | (0°45 to 0°88) | 0°71 | (0°22 to 0°98) | 0°52 | (0°30 to 1°88) | 120 (5) 
hours at 18° C. 
Beored payeen taken up zm 5 | (2°09 to 4°59*)| 3°44 | (2°76 to 4°77*)| 3°82 | (5°09 to 7°04) | 6°39 (4) 
ys a : 
t . _|f6 passed - 6 passed 6 passed 
Incubator Dest (by sitell) (0 hailed (0 failed (0 failed nla 
Solids in suspension - - -| (06 t076) | 416] (1'8 to 6:4) | 4°30| (64 t016%) (5) 








* One sample of effluent from settled sewage and two from precipitation liquor exhausted all the oxygen available. 
_Table No. 2 gives the average figures for the samples drawn while the precipitation 
liquor was being filtered at the rate of 175 gallons per cube yard. These samples were 
drawn in the height of summer, and bring out certain points which are in marked con- 
trast to the results given in Tables 1 and 1A :— 
(1) The great reduction in ammoniacal nitrogen in all three effluents, but especially 


in that from precipitation liquor, accompanied by an increase in oxidised nitrogen 
in a lesser degree. 
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(2) The fall in the “oxygen absorbed ” for the settled sewage and precipitation 
filter effluents, due to the increasing efficiency of the filters and their freedom from 
growths. At the same time an increase from 0°96 to 1:59 in the “‘ oxygen absorbed ”’ 
at once (largely due to nitrous nitrogen), and from 3°51 to 5°13 in the four hours test 
for the effluent from the filter treating septic tank liquor. These last results were 
due to the activity of the septic tank, with the consequent increase of solids in the 
effluent, as previously described. 

(3) The dissolved oxygen absorption tests accord with the figures for oxygen absorbed 
from permanganate, with again the exception of the five days’ figure for the effluent 
from precipitation liquor. This is slightly higher than that for the effluent from 
settled sewage, while the four hours “ oxygen absorbed **.is 82 per cent. lower. : 

(4) The high figure, 10°44 parts, for suspended matter in the septic filter effluent, 
with its influence on the other figures of analysis. Its cause has been already 
considered. 

On August 28th the rate of filtration of the precipitation liquor was still further 
increased, the whole of the flow from the tank, viz., 5,000 gallons per day, being passed 
through the filter. This is equivalent to 211 gallons per cube yard per day. 

The effluent continued to be satisfactory, but showed a slight increase in ammoniacal 
nitrogen, while both the effluents from settled sewage and septic liquor maintained the 
improvement that had been in progress throughout the year. 

The activity of the septic tank abated after the first week of September, so that con- 
siderably less suspended matter passed on to the filter. The effluent showed a marked 
improvement in consequence. 

The appearance of the effluents at this time was as follows :—The effluent from settled 
sewage was very bright, but slightly brown-tinted, with a very clean earthy smell. 

The effluent from precipitation liquor was slightly opalescent, with less colour than the 
others, but not quite so clean a smell. 

The effluent from septic liquor was the most coloured of the three, but fairly bright look- 
ing, and it had an earthy smell. 

Towards the end of October rings of growth appeared on the precipitation filter, and a 
little later upon the settled sewage filter. They were similar to those which formed at the 
beginning of the experiment in the previous autumn. The septic filter showed only faint 
rings under each jet. When the experiment ended on November 15th, 1906, the surface 
of the dry clinker was practically clean on the settled sewage and septic filters, the 
precipitation filter having a very thin yellowish coating. 


TABLE. No.. 3. 


Samples drawn August 29th to November 10th, 1906. 


TABLE OF AVERAGE FIGURES OF ANALYSIS FOR EFFLUENT FROM FILTER TREATING PRECIPITATION LIQUOR AT 
2i1 GALLONS PER CUBE YARD PER DAY, AND FOR EFFLUENTS FROM FILTERS TREATING SETTLED SEWAGE AND 
Septic Tank Liquor, ZACH AT 120 GALLONS PER CUBE YARD. 


Effluent 





Effluent from Effluent from Number of 















































Parts per 100,000. from Settled A sal Precipitation cathe Septic Tank oak Estimations 
Sewage. So Liquor. oye Tiquor. “©** |in each case. 
Ammoniacal Nitrogen -  - | (0°07 to 1°93) | 0°76 | (0°18 to 1:97) | 109 | (0°22 to 1:96) | 1°09 (9)- 
Albuminoid Nitrogen - - | (0°14 to 0°24) | 0°19 | (0°08 to 0°25) | 0°16 | (0°13 to 0°37) | 0°22 (9) 
*Total Organic Nitrogen - - | (0°14 to 0°65) | 0°33 | (0°18 to 0°62) | 0°32 | (0°20 to 0°64) | G36 (3) 
Oxidised Nitrogen - - - | (2°16 to 4°26) | 3°11 | (1°63 to 4°09) | 2°93 | (3°06 to 4°80) | 3°65 (9) 
*Total Nitrogen - - - - | (2°89 to 5°20) 3°73 | (2°26 to 5°22) | 3'52 | (4°71 to 5°22) | 4°96 (3) 
pee absorbed at 27° C. at 
(0°44 to 1°24).| 0°84 | (0°44 to 0°76) | 0°60 | (0°59 to 1°66) | 117 (10) 
Pieveen absorbed at 27° C. in 4 
hours - (1°44 to 2°96) | 2°29 | (1°25 to 2°33) | 1°76 | (1°99 to 3°70) | 2°85 (10) 
Dissolved Gapeen faker itp at 
18°C. in 48 hours- -  - | (0°70 to 1°44) | 094 | (0°50 to 1°64) | 1°09.| (0°23 to 1°48) | O'71 | (6 to 7) 
Dissolved Oxygen taken up at 
18° C.im5days -— - (1°10 to oe 1°86 | (1:18 to oe 2°63 | (0°72 to 2°07 (10) 
vi _ |f19 passec (10 passe (10 passec 
Incubator Test (by smell) -|f 0 failed \ 0 failed \ 0 failed (10) 
Solids in suspension - - - | (15 to 6'3) 3°88 | (1°7 to 7°3) 4:18 | (1:9 to 6'1) 3°97 (10) 
Paper Filtered Samples. 
Oxygen absorbed in 4 howrs — - | (1°09 to 2°26) | 1°67 | (0°76 to 1°58) | 1°24 | (1°43 to 2°72) | 2°04 (9) 
Dissolved oxygen teas ay im 
Sdays -  - - | (0°48 to 1°08) | 0°70 | (0°37 to 1°05) | O'6O | (0°28 to 0°81) | 0°63 (9) 











* These results are strictly comparative, but being from 3 samples only in each case are not true averages. 
+ This sample exhausted all the oxygen available. 
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In Table No. 3 the average figures are given for the samples taken during this last section 
of the experiment. They show that the effluent from precipitation liquor, filtered at the 
rate of 211 gallons per cube yard, is still superior to either of the other two effluents filtered 
at 120 gallons per cube yard, when judged by the albuminoid nitrogen or “oxygen absorbed”’ 
test, the latter applying to both the original and the paper-filtered samples. The 
superiority 1s now, however, much less marked, and any further increase in the rate of 
filtration up to, say, 230 gallons per cube yard, would probably have given an effluent of 
quality similar to those from settled sewage and septic liquor at half this rate of working, 
when judged by the above-mentioned standards. 

On the other hand, if the figures for dissolved oxygen absorption are taken as a 
standard, the effluent from the filter treating precipitation liquor is now inferior to the 
other two effluents, suspended solids included; but as regards the paper-filtered samples 
¢.e. the liquid portions alone, the effluent from precipitation liquor is still the best of the 


three. 


This again confirms the fact, betore noticed, that the dissolved oxygen absorption test is 
more severe than the tests for albuminoid nitrogen and “oxygen absorbed” from 
permanganate, when applied to the precipitation filter effluent in comparison with those 
from settled sewage and septic liquor. 


Table No. 4 summarises the “ work done ” by the filters during the year. Jor a detailed 
explanation of this table, the memorandum “ on the estimation of work done by filters,”* 
by Dr. McGowan and Mr. Frye, should be referred to. It is necessary, however, to call 
attention to the figures for relative purification effected by a cube yard of filter, given in 
column G. It will be seen that the filters treating settled sewage and septic tank liquor 
each effected 8,500 “ units of purification,’ and gave 89 and 86 per cent. purification, 
respectively, when working at the rate of 120 gallons per cube yard throughout the year. 
The filter treating precipitation liquor cannot be directly compared with the other two, 
on account of the alterations in the rate of flow. The fact that 10,800 “ units” were 
effected by this filter, with 93 per cent. purification, when working at 211 gallons per cube 
yard, makes it appear the most efficient of the three ; whereas this high efficiency is really 
due to the maturity of the filter and the favourable atmospheric conditions existing during 
this section of the experiment. The mean efficiency of a cube yard of the filter treating 
precipitation liquor, in the three sections at 120, 175 and 211 gallons per cube yard, is just 
under 8,000 units, and the mean purification is 82 per cent. The conclusion may, therefore, 
be drawn that a cube yard of filter will effect very similar purification as regards “ work 
done,” when treating either of the three types of tank liquor; the actual efficiencies are 
in the order : (1) Settled sewage ; (2) séptic tank liquor ; (3) chemical precipitation. 





* This Appendix, p. 10. 
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EFFLUENT SETTLING TANKS. 


jaFour small rectangular tanks, each holding 411 gallons, were used to settle the suspended 
solids coming out in the effluent from the three filters. : 

These tanks were allof the same size, with a depth of two feet. Two of them were 
connected with the sand filter and two with the sterilization tank. 

From the beginning of the experiment on November 16th, 1905, to March Ist, 1906, the 
combined effluents from the three filters were run through tanks Nos. ] and 2, worked in 
parallel as one tank. This was equivalent to two hours sixteen minutes continuous flow 
settlement when the tanks were clean. In the last week of February the accumulated 
solids began to rise to the surface, showing that fermentation was taking place. The flow 
of effluent through these tanks was therefore stopped. On emptying the supernatant 
effluent there remained 13°75 inches of very dark-brown mud. This had a strong and 
rather unpleasant earthy smell. Samples of this mud gave the following figures :— 


Dry solids - ~ - - - - - - 6°01 per cent. 
Volatile matter in these solids - - - - 2°62 A 
Non-volatile ,, is tik - - - 3°39 _ 
Moisture - - = = G = a4 93°99 oy 


The removal of this mud was accomplished by bailing out with pails and pouring the 
contents into two bays, formed on the ground near the tanks. It took some two months 
to dry completely, and during part of the time gave rise to an unpleasant smell in the 
immediate neighbourhood of the bays. It must, however, be remembered that the 
solids which formed this mud were derived from the unmatured or imperfectly matured 
filters. When air-dry, this mud became a friable mass with a clean earthy smell. 

The result of settlement of the combined effluents, up to this first cleaning of the settling 
tanks, is given in the table below :— 








Suspended Solids. Parts per 100,000. 





Average for Settled Effluents (2} hours 
continuous flow). 


3:87 (2°6 to 5-6) (6 Estimations). 


Average for Combined Unsettled Effluents. 
6°61 (2°6 to 10-2) (8 Estimations). 





This gives a reduction of 41 per cent. in the suspended solids of the unsettled effluents. 

From March Ist there was a considerable improvement in the efficiency of the 
settlement. But during April, while the efftuent trom the filter treating precipitation 
liquor was putrescent and contained much dead growth, it was separated from the other 
two effluents. If allowed to mix with them as usual, the combined settled effluent would 
not pass the incubator test. A four hours average sample of the combined settled effluent, 
No. 107, taken under the above conditions from 8 p.m. to 11.30 p.m., on April 4th, 1906, 
was a very poor sample in every respect, although the effluents from settled sewage and 
septic liquor were of fair quality at the time, containing as they did 1:75 and 2:14 
parts of oxidised nitrogen respectively. 

Owing to the exposed position of the settling tanks and their shallowness, it was found 
that the temperature of the effluent rose considerably in its passage through them, under 
the direct rays of the sun at mid-day. Thus, on June 22nd the combined effluent entering 
tanks Nos. 3 and 4 had a temperature of 17°C., but after two anda quarter hours flowing 
settlement the reading was 21°, as taken at the outlet to sand filter. Under these condi- 
tions fermentation of the settled solids was greatly accelerated, so that after working for a 
week in the warm summer weather, particles of the previously deposited solid began to 
rise to the surface. They were lifted by small bubbles of gas which, on discharge at the 
surface, allowed the solid to sink again. Those particles which rose near the outlet were 
carried away by the effluent, just as in the case of the septic tank solids, previously 
described. These adverse conditions were due to the experimental scale of working. With 
a larger body of effluent and weekly removal of the deposit, no trouble from this cause would 
probably occur. Even under the conditions of the experiment, the highest figure noted for 
suspended matter in the settled effluent was 4:6. This was given by a four hours average 
sample, No. 156, taken from 12 midnight to 3.80 a.m. on May 31st. The filters were then 
discharging solids after a week’s rest, as described on page 182. 

After June 22nd a more rapid flow was tried, with a view to keeping the effluent cooler. 
Only one tank was now used, instead of two in parallel. This gave one hour eight minutes 
flowing settlement. The result was satisfactory, both as regards the removal of suspended 
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matter and the time the tank could be run without cleaning. The suspended solids 
averaged 2°5 parts in the settled effluent, while the tanks were changed for cleaning every 
fourteen days. ; 

In the first week of August the suspended solids in the effluent from the filter 
treating septic liquor began to increase rapidly in amount and fermentability. As 
this interiered with the successful settlement of the combined effluents, the “ septic ’’ 
effluent was run separately through one settling tank on August 10th. This unsettled 
effluent contained fifteen parts of suspended solids, the greater part of which settled immedi- 
ately, during the first twelve hours after starting the tank. The time of settlement was 
three hours twenty-four minutes continuous flow. On the morning of the next day, 
August 11th, the settled effluent was unsatisfactory, fermentation of the deposited solids 
having already visibly commenced At noon, on the same day, the whole of the solids rose 
to the surface, with considerable discharge of gas. The weather was warm at this time, 
but by no means the hottest of an exceptionally fine summer. 

As settlement of the “septic ”’ filter effluent solids under these conditions was an un- 
suitable method for reducing suspended matter, the filtration of the effluent through shallow 
beds of fine material was substituted in this case. Details of this experiment are given 
below. 

From this date only the effluents from the filters treating settled sewage and precipitation 
liquor. were passed through the settling tanks. An increased volume of the latter was, 
however, dealt with, so that the time of settlement remained approximately the same.. 
No difficulty was experienced in settling the solids from these effluents. 

The total volume of deposited solids removed from the settling tanks during the experi- 
ment was 13°61 cube yards, 3,300,000 gallons of effluent, approximately, having been passed 
through the tanks. 

Weight of wet mud—10°39 tons, approximately. 
99 dry solid— 0°49 oy) ” 

In all cases the deposit was pumped into bays and dried as before described, but afte1 
the first emptying of the tank in March, there was no nuisance from smell of any kind, 
either in pumping or drying. In the very hot weather, however, the freshly pumped 
deposit gave off an earthy but not unpleasant smell. 


AVERAGE FIqgurRES OF ANALYSIS FOR COMBINED SETTLED EFFLUENT, FEBRUARY 6TH TO 
OcTOBER 17TH, 19086. 








Parts per 100,000. Average. Saga 
Oxygen absorbed at once at 27°C. - =) ae : ; : - 0-63 31 
+ x in 4 hours _,, - - - - - - - 2:01 33 
Dissolved Oxygen taken up in 24 hoursat 18°C. - - -~— - 0°60 22 
99 ” ” » Odays ,, ,; e ; . 2°63 21 
Incubator Test (by smell) - - - - - - - - | 30 passed, 1 failed 31 
Solids in suspension - - - 2°32 23 








STRAINING BEDS FOR SEPTIC FILTER EFFLUENT. 


As settlement of the suspended solids in the effluent from the filter treating septic liquor 
became practically impossible during the hot weather of 1906, two small straining beds 
of fine material were constructed to deal with this effluent separately. 

The beds were made by placing 6-inch boards around a concrete floor, 12 feet by 6 feet, 
with a partition across the centre dividing it into two 6-feet squares. The floor had a 
slight fall towards two 2-inch outlet pipes, passed through the board on that side. The 
, bottom and joints of the beds were cemented watertight. 

One bed was filled with a 3-inch layer of }-inch clinker, covered by 3 inches of very fine 
clinker (=4,-inch and under). The other was filled with 6 inches of $-inch clinker, with no 
fine material. No special distribution was employed, beyond making shallow grips on the 
surface of the bed. The effluent from the filter treating septic liquor was run on 
to the beds at the rate of 720 gallons per square yard of straining surface. No.1 Bed, 
with the fine material on top, was first brought into use. It ran for ten days before flooding 
the sides of the bed, and during the greater part of this time the outflowing effluent was 
practically free from suspended solids. It gave 3 to 5 volumes of mud per 100,000 by 
centrifuge, equivalent to 0°3 to 0°5 part of suspended solids per 100,000 by weight. The 
unsettled effluent had 4°7 parts by weight. 
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The effluent was now turned on to Bed No. Q, filled with the coarser material throughout. 
This behaved exactly as anticipated, 2.e., it gave an effluent similar to that produced by 
the settling tanks, with 2:0 parts of suspended solids, but ran for twenty-three days, or 
rather more than twice as long as No. 1, before flooding. 


These beds were much more easily cleaned than the effluent settling tanks, as the top 
layer of the material, with all the clogging matter, was skimmed off to the depth of 1 inch 
and replaced with new material. The material removed, if spread out to dry and left 
for some time, could be used again, though washing would have been necessary to obtain 
the best results. 


Such beds should also be much more cheaply constructed than settling tanks. The 
weak point in this method of removing effluent suspended matter lies in the renewal 
of theupper layer of material, or in the labour involved in washing that already used. 
This can, however, be set against the emptying of the settling tanks, which would in many 
cases involve pumping, as the tanks must necessarily lie at a level below that of the 
filter floors. 


SAND FILTER. 


The filtering material was placed in a cemented concrete tank, sunk below the ground 
level. The tank was 24 feet long by 14 feet wide, with a, bottom sloping to the outlet 
valve, 4 feet 6 inches below the surface of the sand. The floor of the tank was covered 
with perforated aerating tiles, which formed a false bottom on which the filtering material 
rested. This consisted of a layer of ballast, 1 foot in depth, covered with 3 feet of 
Leighton Buzzard sand. The total depth of material was thus 4 feet, giving a content 
of 50 cube yards. 


The distribution of the settled effluent on to the surface of the sand was effected by a 
system of fixed iron pipes, laid on the surface and fed with effluent in intermittent 
flushes of 60 gallons. 


The outlet from one pair of effluent settling tanks was connected toa shallow wooden 
tank, placed on the ground at the inlet end of the filter. A plug valve in the bottom of 
this tank allowed the effluent to flow into the distributing pipes. When the tank filled 
to the proper level, a small overflow pipe discharged into a bucket suspended beneath 
it. This bucket and the plug valve were connected by a lever, so that when the 
former filled, its weight raised the plug, discharging the contents of the tank through 
the distributor. Asmallholeinthe bucket allowed it to empty at such a rate that the plug 
returned to its seating when the tank had completely discharged. 


This automatic flushing arrangement gave a very good distribution, so long as the holes 
in the pipes were unchoked by suspended matter. The holes were originally made rather 
small, 7's to } inch, with the idea of keeping a better head of water in the pipes, and so 
improving the distribution ; but some of the holes at the further end of the distributor were 
alterwards enlarged, as they were most liable to choke in this way. In any case, very 
little attention was required to keep this part of the installation in order. 


The filter began working on March 2nd, 1906, at the rate of 60 gallons per cube yard 
per twenty-four hours. From the first the sand filter effluent was far superior to the settled 
effluent flowing on to it. For the first fourteen days the mere straining out of the sus- 
pended matter accounted for this, as, on March 10th, samples showed no reduction of the 
ammoniacal nitrogen or increase of oxidised nitrogen, compared with the settled effluent ; 
but the effluent was very clear and bright, with a mere trace of suspended matter. It 
was, in fact, almost identical with the effluent flowing into the flushing tank, after the 
latter had been filtered through paper. 


On March 16th the sand filter was stopped for one week, to mature more rapidly. The 
dried up deposited matter was removed by lightly raking the surface. Hardly 
any oi the sand adhered to the deposit. On March 28rd the rate of working was 
Increased to 120 gallons per cube yard, v.¢., the same rate as that at which the effluent ” 


had just passed through the clinker filters. This rate was maintained practically constant 
during the rest of the year’s working, 


On March 27th a sample of sand filter effluent, No. 99, diluted with two volumes of tap- 
water, was incubated for five days at 18° C. It took up only 22 per cent. of the dis- 
solved oxygen available, equal to 0-56 part per 100,000 of undiluted effluent. The 
settled effluent flowing on to the sand filter, when diluted with three volumes of tap-water 
and incubated for five days, exhausted all the available oxygen, equal to 2:97 parts per 
100,000 of undiluted effluent. The settled effluent was of poor quality at the time, owing 
to the trouble caused by the growth, principally in the effluent from precipitation liquor. 
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The following Table shows the improvement effected by the sand filtration under these 
‘conditions :— 























oN ake Settled effluent. Sand filter effluent. 
Oxygen absorbed at once at 27°C. - 5 if a5 0-77 0-16 
‘ 4: im4hoursat 27°C. - -— - - 2°42 | 1:05 
Dissolved Oxygen taken up in 24 hours at 18°C. oth es 0°82 | i 
%9 . os in Bdaysat18C. - - - 2°97 (at least). 0:56 
Suspended solids — - - - - - - . : ot Trace. 
Solids by centrifuge (volumes) - - - - <--> = 14 3 











The much greater reduction in dissolved oxygen taken up from tap water, compared 
with the reduction in oxygen absorbed from permanganate, is probably due: (1) to the 
relative freedom of the sand filter effluent from suspended matter ; (2) to the great reduction 
in the number of bacteria.* The latter cause has naturally greatest effect in the twenty- 
four hours’ estimations of dissolved oxygen absorption. 


During April, the sand filter matured considerably, so that apart from the almost com: 
plete removal of suspended matter, the effluent showed a marked reduction in ammoniacal 
nitrogen and a corresponding increase in oxidised nitrogen. 


On April 21st, the nitric and nitrous nitrogen in the settled effluent amounted to 2:2 parts, 
and in the corresponding sand-filter effluent to 4:0 parts per 100,000. 


The filters were all rested for a week from May 2nd, when the surface sand was 
cleaned by raking off the dried deposit. 


On starting again, the first runnings from the filter were opalescent and contained an 
appreciable amount of suspended matter, about 2 parts per 100,000. This quickly washed 
out, leaving the effluent sparklingly bright, with a faint brown tint. Nitrification was 
exceedingly active, the effluent containing over 5 parts of oxidised nitrogen when the 
effluent from the stronger day sewage was passing through the filter. The interval 
between the stoppages necessary for cleaning the surface varied according to the amount 
of suspended matter in the settled effluent. With an average of 4 parts of solid, the 
surface would be ponded over completely about fourteen days after cleaning; while, 
with 2 parts, no attention was required for nearly five weeks. As soon as the surface 
was entirely ponded, the quality of the effluent deteriorated greatly, and in the hot 
weather there was hardly any dissolved oxygen in the samples. The temperature of the 
effluent ponded on the filter on June 22nd was 26°C. at twelve noon (fine summer day ; 
shade temperature 82°F). 


The sand filter continued working, without other rest than the cleaning of the surface 
made compulsory, until September 6th, when the surface had ponded over, notwith- 
standing its apparent cleanness as regards deposited solids. Since August 28th the filter 
had been taking the combined settled effluent from the filters treating settled sewage and 
precipitation liquor. This combined effluent was then at its best, containing 1°5 to 2°0 
parts of suspended matter. It was distributed to the sand filter at the slightly increased 
' rate of 160 gallons per cube yard per day, this being the mean rate at which the effluent 
had passed through the clinker filters previously. The ponding mentioned above was 
almost certainly not caused by the increase from 120 to 160 gallon rate. This only served 
to accentuate the fact previously noted, viz., that some clogging of the sand, other than 
the merely superficial, had slowly been in progress. The quality of the effluent at the 
increased rate of working showed no falling off until the flow had to be stopped, to 
prevent the flooding of the containing tank. 


The filter was rested for four weeks, during which the upper 4 inches of sand was turned 
over two or three times. On October 4th the settled effluent was turned on to the sand 
again, at first at 80 gallons per cube yard. This drained quite freely through the bed 
between the flushes from the distributor, washing out a considerable amount of suspended 
matter during the first twenty-four hours. The rate was then increased to 160 gallons, 
and on October 9th the sample of effluent incubated for five days at 18° took up only 0°10 
of dissolved oxygen per 100,000. 


* See Part V., Dr. Houston’s Report, p. 213. 
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The filter ran for fourteen days before cleaning was necessary. This was about its normal 
time with the amount. of suspended matter then present in the settled effluent. On 
October 20th the flow to the filter was stopped, the effluent being all required for treatment 
in the sterilisation tank. 

As far as could be judged, the freshly cleaned filter would not pass as much eluent 
through it, before ponding, as it had done in the spring, when the sand was perfectly new. 
The month’s rest in September had, however, improved its condition very appreciably. 
It is evident that, in working on the large scale, at least two filters would be required, so 
that one might be periodically rested. 


The samples of sand filter effluent were all single samples, taken immediately after the 
fourth or middle sample of the four hours average sets, which were drawn every eight days. 
Thus, if the average samples were taken from 8 a.m. to 11.30 a.m., the sand filter effluent 
was drawn at 9.30 a.m. ‘They are, therefore, representative of the sewage under all 
conditions during the time the experiment lasted. 


AVERAGE FIGURES OF ANALYSIS FoR SAND FILTER EFFLUENT, MARCH 27TH To OCTOBER 17TH, 1906. 




















Parts per 100,000. Average. a prea 
Oxygen absorbed at 27°C. at once - -—s- - - - - 0°36 21. 
9 ” ” in 4 hours 2 r. 7 A : 1:15 21 
Dissolved Oxygen taken up in 24 hours at 18°C. - - - - 0:08 16 
9 ” ” 5 days ” ” 3 % - = 0°36 18 
Incubator Test (by smell) Cee a4 eres aq: All passed 21 





The bacteriological results obtained in these experiments, and in the experiment on the 
sterilisation of the filter effluent by chloros (sodium hypochlorite), are given in Dr. Houston’s 
Report. : 


GENERAL CONCLUSIONS. 
The results of the year’s work may be summarised as follows :— 


(1) Reduction of Suspended Matter. 


The reduction of suspended solids in the sewage was practically the same for the con- 
tinuous flow settlement and the septic tank processes, as shown by the average figures 
for the year. The septic tank liquor contained much more suspended matter than the 
settled sewage in the hot summer weather, but during the rest of the year it contained 
rather less. . 

Precipitation with continuous flow gave a liquor which contained two-thirds the sus- 
pended matter of the other tank liquors and which was about three-quarters as strong, 
organically ; it was thus capable of filtration at nearly twice the rate at which the other 
tank liquors yielded an effluent of similar purity. 


(2) Sludge Production. 


The weights of wet sludge produced by the three processes are in the ratio :— 


Settled Sewage. Precipitation. Septic Tank, 
3 : 5 : Dae 
The corresponding ratio for dry sludge matter is :— 
2 : 2°5 : 1 


The septic tank process produces, therefore, by far the least sludge. 


(3) Purification of Tank Liquors by Coarse Percolating Filters. 


The average figures for the year, given by the effluents from the filters treating settled 
sewage and septic tank liquor, were very similar. The effluent from the filter treating 
septic tank liquor was not quite so well purified organically as the effluent from the filter 
treating settled sewage, but it contained more oxidised nitrogen. The discharge of sus- 
pended solids from thé septic tank in the hot weather caused a corresponding increase 
of solids in the filter effluent. Under these conditions the effluent solids were not well 
oxidised, but the effluent as a whole was never putrescible. 
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The effluent from the filter treating precipitation liquor was the best of the three efflu- 
ents for the greater part ofthe year. But during the period of four weeks, when the fungoid 
growth was choking the filter, it was distinctly the worst. When filtered at 211 gallons 
per cube yard, this effluent, judged by its analysis, was equal in purity to the effluent 
from the filters treating settled sewage and septic liquor at 120 gallons per cube yard. The 
larger volume of precipitation liquor, however, which can be purified by a cube yard of 
filter, is a result of the work already done on the sewage by the tank treatment. It does 
not indicate that a filter is more efficient when treating this kind of tank liquor. 


(4) Settlement of Suspended Solids in Effluents. 


The suspended solids in the filter effluents were reduced by 50 per cent. in from one to 
two hours’ continuous flow settlement. Frequent removal of the deposit in the settling | 
tank is advisable in warm weather. 


When the suspended solids in the filter effluent are especially liable to fermentation, 
filtration through shallow beds of fine material is a better method of removing them. 


(5) Sand Filtration. 


By passing the) settled effluent through the sand filter, practically all the suspended 
matter was removed and there was a creat improvement chemically. The filter, there- 
fore, did not act as a mere strainer, but effected a further bacterial oxidation of the 
effluent. 


(6) Nussance. 


The settled sewage process caused very little nuisance from smell, either in inate 
or in distribution upon the filter. 


The precipitation process caused no appreciable niusance in sludging and sfachically no 
nuisance in distribution. 


The septic tank process, on the other hand, gave rise to considerable smell in sludging 
and to Oe great nuisance in distribution during warm weather. 


6225—App. IV. 2C 
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EXPERIMENT ON THE. TREATMENT OF SETTLED SEWAGE AND 
SEPTIC TANK LIQUOR ON THE SAME FILTER. 


In his evidence before the Commission on May 12th, 1905 (answer to Question 22780), 
Dr. G. J. Fowler expressed the opinion that only a portion of the sewage which arrives 
at an outfall works in times of storm should be passed through a septic tank. Amongst 
other reasons for this view he stated “ that the tank liquor tends to become merely settled 
sewage, and to remain so for some time after the increased flow, so that the results from 
the subsequent filtration deteriorate somewhat.”* Some results from the Manchester 
contact beds given subsequently by Dr. Fowler certainly seemed to bear out this 


conclusion. 

As this point is one ot considerable practical importance, it seemed useful to make some 
direct experiments at Dorking by interchanging septic tank liquor and settled sewage on 
a coarse percolating filter. 1 


Two experiments were carried out as follows :— 
EXPERIMENT I. 


The percolating filtet of coarse clinker, which had been treating septic tank liquor at the _ 
rate of 120 gallons per cube yard per day, was used for these experiments. On June 20th, 
1907, four samples of septic tank liquor were drawn, one every half-hour from 3 p.m. to © 
4.30 p.m., and mixed in equal quantities. Four samples of the filter effluent were drawn 
and mixed in the same way. As soon as the 4.30 samples had been taken, sewage settled 
by 10 hours continuous flow in the small tank alongside the septic tank, was turned on to 
the sprinkler without stopping it. , 


The septic liquor was then shut off. The settled sewage was delivered. to the filter at 
the same rate of flow as the septic tank liquor, viz., 120 gallons per cubic yard. From 6 p.m. 
to 6.30 p.m. four half-hourly samples of settled sewage were drawn, and four of the corre- 
sponding effluent. These were averaged as before. ; 


The figures of analysis given by the four average samples are tabulated below :— 





Pe eve Sn a ee 


Effluent from ; 
filter treating Effluent from 


filter treating 








yi oe ee epee Settled settled sewage. 
ioe Sewage. 
Whole | Paper- Whole | Paper- 
effluent. | filtered. effluent. | filtered. 
Ainmoniacal Nitrogen. pe 0. ee o-76 | 694 | — 0-91 
Albuminoid Nitrogen - . - . - | -F-00 —- | 0:20 0-78 —. 0-14 
Nitrous Nitrogen. -..4- 9 -- ) 9 * {o- eetione — 0-04 none — 0:05 
Nitric Nitrogen - - - - - - | none -= 2°7 none — | 25 
“Oxygen absorbed” in four hours - - . 8:15 3°46 1°56 6:99 3°18 1:43 
Incubator test (by smell) - - - -— - — Passed | Sweet — Passed | Sweet 
earthy earthy 
Solids by centrifuge (vols.)  - - - : 56 100 = 47 106 — 
eee to suspended solids (approx.) oe) fone), 6°6 — 80." | ee = 
Calculated strength - : ‘ 885 bee 2-9 83-9 meee Pe. 











It will be noticed that the settled sewage was rather stronger in ammoniacal nitrogen 
than the septic tank liquor, but it absorbed less oxygen from permanganate in 4 hours, so 
that the two liquors are of approximately equal strength. Both the corresponding 
effluents were slightly opalescent and smelt earthy, but that from the septic tank hquor 
was rather browner in tint than the other. 





* Fifth Report of the Commission, App. I., p. 372. 
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From the above figures it is evident that the change from septic tank ‘liquor to settled 
sewage had not upset the oxidising power of the filter. The calculated strengths of the 
effluents, without suspended solids and allowing credit for nitrate, show that the filter 
effected practically equal purification with both types of liquor. 


EXPERIMENT 2, 


To decide further whether the two tank liquors were perfectly interchangeable, a more 
severe test was then carried out. After the filter had been working normally with 
septic tank liquor for two weeks, samples of the liquor and corresponding effluent were 
drawn at 4 p.m. on July 8th. Settled sewage from the freshly filled tank was then substi- 
tuted and two more samples were drawn at 5 p.m. The filter was fed with settled sewage 
for 24 hours, when septic tank liquor was again turned on and two samples drawn at 5 p.m. 
This method of working the filters alternately with septic tank liquor and settled sewage 
was continued for a week, the change being made at 4 p.m. each day and two samples 
taken one hour later. | 


Figures of analysis for these 16 samples are given below. 





Septic Tank Liquor. } Effluent from Septic Tank Liquor. 








: Solids by : Solids by 
xy ae epochs in Centrifuge. Oxidised Nitrogen. TEE ORCL peel i Centrifuge. 
our hours. r ; : four hours. 

Vols. Vols. 
8°15 76 2°65 2°61 82 
817 76 2°65 1:89 70 
9:06 99 i BB 2°75 . 70 
8°14 87 3 30D 2°85 82 
Average 8°38 85 * 2-86 ; 2°53 . 76 

Settled Sewage. © Effiuent from Settled Sewage. 

7:66 64 2°76 2°05: 82 
10:25 52 2°75 3:62 70 
9°35 64 3:10 3°32 77 
8-70 64 3°05 2°80 17 
Average - 9:06 61 | 2-99 | 2-86 er 


_ All the effluents kept sweet on incubation for.5 days at 27° C. The figures for ‘‘ oxygen 
absorbed ” in 4 hours show that with septic tank hquor the reduction effected by the 
filter was 70 per cent., while with settled sewage the reduction was 68 per cent. As the 
latter was slightly the stronger of the two tank liquors, the purifications are again alike, 
practically speaking. 


This second experiment thus confirmed the results obtained in the first, and proved 
that settled sewage can be substituted for highly septic tank liquor without causing any 
deterioration in the effluent produced by a percolating filter, which has been matured and 
is being normally worked with septic tank liquor. 


In both the above experiments the septic tank liquor and settled sewage were rather 
above average strength, while the former was typically septic, with considerable smell of 
sulphides. Since these strong liquids can safely be interchanged, it may be assumed 
with some confidence that storm water passing through a septic tank would have no 
appreciable effect on a filter. | ; 


6225.—App. lV. 2C2 


196 


PART IL—THE PRECIPITATION OF SEPTIC TANK LIQUOR BY A SMALL QUANTITY OF LIME. 





During the summer of 1906 the distribution of septic 
tank liquor on to the percolating filter at Dorking gave 
rise to considerable nuisance in the neighbourhood of 
thesprinkler. Experiment showed that the smell could 
be very greatly reduced by the addition of an alkaline 
solution to the liquor before it passed to the sprinkler. 
From 5 to 10 grains per gallon of sodium carbonate 
(ordinary washing soda) were required to remove all 
smell of volatile sulphides. The filter effluent was not 
adversely affected during the two or three weeks that 
the experiment lasted. The cost at Dorking of adding 
sodium carbonate would be from 30s. to 60s. per 1,000,000 
gallons, which prohibits the use of this method on the 
large scale. For occasional use in very hot weather, or 
with specially offensive liquor, the process might be 
useful. 

Before the above experiment was made, Dr. McGowan 
had suggested that a small quantity of lime added to the 
septic tank liquor, and followed by a short settlement, 
might reduce the amount of suspended matter which 
leaves the septic tank. This suggestion led-to the 
experiments, which are described below, being carried 
out for the Commission at Dorking. It onght to be men- 
tioned that it has been the practice at Blackburn for 
several years toadd lime to the septic tank liquor at the 
rate of about 1 grain per gallon, with the idea of assisting 
nitrification on the filters. 

The lack of control over the solids passing from septic 
tanks to the filters or contact beds is one of the weak 
pe in the septic tank process, as usually carried out. 

recipitation with lime prevents excessive suspended 
matter from reaching the filters and at the same time 
removes the nuisance from smell in distribution. A third 
advantage, not originally anticipated, is the increased 
quantity of limed septic liquor which can be passed 
through the filter, as compared with unlimed liquor, 
and yet yield a satisfactory effluent. 


Preliminary Experiment. 

The experimental septic tank has a capacity of 5,500 
gallons, while the only small tank available for the 
settlement after the addition of the lime holds 2,087 
gallons. The septic tank was worked at its normal rate 
of 24 hours continuous flow settlement, which gave 
10 hours further settlement in the small tank, or 34 hours 
in all. This is much longer than is necessary. 

A series of 4-hours average samples, drawn half hourly 
every day from 22nd to 28th May, 1907, gave the follow- 
ing analytical results. | 2°5 grains of lime were added 
to each gallon of septic tank liquor. 





Septic | Limed 
Parts per 100,000. Sorts Tank Septic 
a8©- | Liquor. Liquor. 
“ Oxygen absorbed” in 
4hours - - - - | 13°60 8°02 6°61 
Suspended solids - -| 196 eC} 57 
Volatile matter in solids - | 15°2 60 4°0 
Solids by centrifuge (vols.)- | 163 40 26 


ts sa ee ee ed eg 

While the untreated septic liquor had a strong and 

very objectionable smell of sulphides, the limed liquor 
passing to the filter smelt like freshly settled sewage. 
_ Contrary to expectation, no difficulty was experienced 
in keeping the sludge down in the second tank. In fact, 
the tank has been run for 14 days without the sludge 
rising to the surface. It is advisable, however, to clean 
the small tank out once a week, or more frequently in 
very hot weather. 

Owing to the lack of a suitable mixer, the lime, as milk 
of lime, could only be added very irregularly, particularly 
at night. It should be well mixed with the septic liquor 
at the inlet to the small tank. In spite of practical 
difficulties the results were encouraging, as far as they 
went, especially as the limed septic liquor when passed 
through the coarse percolating filter at 150 gallons per 
cube yard gave an unusually good effluent. 


Experiment No 1, 

It was accordingly decided to increase the flow 
through the tanks to 7,600 gallons per 24 hours giving 
17 hours settlement in the septic tank and 7 hours in the 
precipitation tank, or 24 hours in all. The lime was 
added at the same rate as before, viz. 2°5 grains per 
gallon, but now much more uniformly, by means of an 
automatic mixer devised by Mr. A. F. Girvan. This 
was driven by a water- wheel running day and night. 


The experiment continued from October 14th, 1907, 
when the septic tank had been running 9 months since 
the last cleaning, to June 15th, 1908, when the tank 
was again cleaned. 19 sets of 8-hours average samples 
were examined during this time. They were usually 
drawn at intervals of 15 days. The results are given 
in the following table. 


AVERAGE FIGURES OF ANALYSIS FOR SEPTIC TANK 
LIQUOR AND LIMED SEPTIC LIQUOR. HIGHT HOURS 
AVERAGE SAMPLES DRAWN BETWEEN OcToBeER 14TH, 
1907, AND May 29th, 1908. 





Septic | Limed | Number 
Tank | Septic of 


Parts per 100,000. : 
Liquor. | Liquor. |Estimations. 


Ammoniacal nitrogen - 549 5°25 9 
Albuminoid nitrogen - 0°76 0°67 9 
Total organic nitrogen - i 113 8 
Nitrous nitrogen - - | 0°00 0°00 Lo. 
Nitric nitrogen - : 0°00 0°00 9 
“Oxygen absorbed” at 

27°C. at once - - 2°09 1°63 19 
“Oxygen absorbed” at 

27° C, in 4 hours 6°73 5°76 19 
Dissolved oxygen taken 

up at 18° C.in 5 days- | 24°53 | 23°69 5 
Suspended solids - 8°91 7°40 19 
Volatile matter in solids 723 4°80 19 


Solids by centrifuge(vols.)}/ 59 41 19 
Ratio of suspended solids 


to centrifuge solids -| 1:66] 1:55 — 
Chlorine - - - Th4 754 9 
Calculated “ strength ”. - 76 68°3 — 





There is an: appreciable reduction in the “oxygen 
absorbed ” figures after the precipitation with lime. This 
follows from the reduction of the volatile or organic 
suspended solids from 72 to 4°8 parts per 100,000. At 
the same time the actual figure for suspended solids, 
74, is not so good as in the preliminary experiment. 
Ae: increased rate of flow was no doubt responsible for 
this, 

Sludge production. } . 

This is one of the most important questions in cop- 
sidering the feasibility of the process‘on a large scale. 
If the total sludge production from the septic tank and 
the lime precipitation tank together is much below that 
from direct precipitation of the sewage, while the final 
liquor can be filtered as rapidly as septic tank liquor 
untreated, there is an evident advantage in the absence 
of smell in distribution and in the smaller amount of 
solids going to choke contact beds or having to be dealt 
with in the percolating filter effluent. 

In 30 weeks 1,593,000 gallons of septic tank liquor 
passed through the smaller tank. This left 19°00 cubic 
yards of very wet sludge, containing 2°81 per cent. of dry 
solid matter. The quantity of sludge to be removed 
each week was too small to allow all the supernatant 
liquor to be run off, since the settled sludge lay below 
the level of the floating arm. At least one-third of the 
volume measured was water, which on the large scale 
could be run off. The sludge was not more offensive 
than that from freshly settled sewage. 

A comparison of the amount of sludge produced by 
this process with that yielded by the three other methods 
of tank treatment can now be given. 


fee ee dry 
f udge Matter . 
Process, per 1,000,000 Ratio. 
gallons of Sewage. 
Septic tank (alone) - — - 0°52 10 
Septic tank and lime tank - O77 15 
Simple settlement without Fo 
chemicals ae ae - 1:07 21 
Direct precipitation with 
chemicals - - - 131 25 





These figures are arrived at by taking the results of 
the experiments of 1905-1906 for the settled sewage and 
precipitation sludges, while the figures for the two septic 
tank processes are for 1907-1908. 
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The production of sludge is thus increased by 50 per 
cent., if the lime tank is added to the usual septic tank. 

For the practical success of the process, apart from the 
question of smell, the cost of disposing of the extra sludge 
must be more than balanced by the saving in the cost of 
filtration, which the limed septic liquor permits. 


“tration of the Limed Septic Liquor. 


The limed septic liquor was filtered through the coarse 
percolating filter (2 to 4 inch clinker), which had 
previously treated ordinary septic tank liquor. This 
filter was 5ft. 7in. deep. 

From October 14th to December 16th, 1907, the rate of 
filtration was 150 gallons per cube yard. Seven sets of 
8-hours average samples of filter effluent were drawn at 
intervals of 8 days. They gave the following figures of 


analysis— 
Oxidised nitrogen - - - - 2°60 
“ Oxygen absorbed” at once - - 0°61 

i _ in 4 hours - - 1°83 
Solids by Centrifuge (vols.) - - 66 
Equivalent to suspended solids - - 3°5 approx. 
Incubator test (by smell)  - - - All passed. 


The effluent was bright, with a brownish tinge. It 
contained from 3 to 4 parts of suspended solids and 
usually had a faint earthy smell. 

- On December 16th the rate of filtration was increased 
to 211 gallons per cube yard. This was continued till 
June 15th, 1908, during which period 12 sets of 8-hours 
samples of filter effluent were examined. The results are 
given in the following table. 


AVERAGE FIGURES OF ANALYSIS FOR EFFLUENT FROM 
COARSE PERCOLATING FILTER TREATING LIMED SEPTIC 








LIQUOR AT 211 GALLONS PER -CUBIC YARD. SAMPLES 
DRAWN BETWEEN DecemBeR 197TH, 1907, AND 
May 29r7n,. 1908. 
Number 
Parts per 100,000. Average. of 
Estimations. 
Ammoniacal nitrogen - - 2°01 9 
Albuminoid nitrogen - - = 0°29 9 
Total organic nitrogen - -| 063 7 
Nitrous nitrogen - - . 0°08 12 
Nitric nitrogen - - - -} 164 12 
“‘Oxygen absorbed” at 27° C. at 
once : - - - - 0°65 12 
“ Oxygen absorbed” at 27° C. in 
4hours - - - . - | 2°30 12 
“Oxygen absorbed” at 27° C. in 
4 hours (paper filtered) - Bm We iB 8 
Dissolved oxygen taken up in 48 
hours at 18° C. - - - 1°53 9 
Dissolved oxygen taken up in 5 
days at 18° C. - - - -| 4°45 8 
Dissolved oxygen taken by paper 
filtered sample in 5 daysat18°C. 1°05 7 
Suspended solids tan, dietelom oe 9 
Volatile matter in solids - a ee 9 
Solids by centrifuge (vols.) - -| 81 10 
Chlorine - - - - 5: 6°95 8 
Incubator test (by smell) - - |. All 12 
passed. 


aS a aa aS 


The above figures show that the effluent was of fair 
quality, non-putrescible, and on the safe side of the 
provisional standard suggested by the Commission in 
their Fifth Report for absorption of dissolved oxygen 
in 5 days by the paper filtered sample. The suspended 
solids, however, require to be reduced either by 


- settlement or by fine filtration. 


The oxidisability of the whole effluent (including 
suspended solids and giving credit for the nitrate present), 
as calculated by.Dr. McGowan and Mr. Frye’s formula, 
is 164. Thestrength of the limed liquor being 68°3, there 
is a purification of 76%, with 10,960 “units of purifica- 
tion” per cube yard. The calculated oxidisability of the 
liquid portion of the effluent is 5°5, showing 92% 
purification. 

The “oxygen absorbed” in 4 hours by the whole 
effluent, z.e., including the suspended sclids, shows a 
reduction of 59 per cent. on the limed liquor figure, 


The effluent was brown tinted, but bright, with an 
earthy smell. The suspended solids were weil defined 
and settled easily. 


The surface of the clinker was covered during the 
winter with a coating of grey growth (cladothrix 
dichotoma), but no appreciable ponding resulted. 


Experiment No. 2. 


On June 22nd, 1908, the septic tank was re-started 
after removing the greater part of the sludge, but 34 
cubic feet of sludge were left in the tank for the purpose 
of inoculation. The next day the surface was covered 
with a thin scum, which became permanent. The 
weather was normal for the season, the shade tempera- 
ture varying from 56° to 70° F. The tank liquor already 
had a distinctly “septic ” smell. 


The rapidity with which the tank matured was in 
marked contrast with the time taken in the exper:ment 
of 1905-1906. The tank was then started quite clean in 
the late autumn, and no permanent scum formed until 
the following March. The rate of flow, moreover, was 
then 24 hours continuous flow settlement, while in the 
present experiment it was 17 hours, ‘The effects of 
inoculation and temperature on the working of septic 
tanks are well known, but the remarkable difference in 
these respects shown by the two experiments seemed 
worth noting. 


In order to see if the addition of more lime to the 
septic tank liquor would permit of a further increase in 
the rate of filtration, 3°5 grains of. lime were added per 
gallon of liquor, instead of the 2°5 grains in experi- 
ment No. 1.. The rate of flow through the tanks was the. 
same as before, viz.—17 and 7 hours continuous flow 
settlement. 


After 4 weeks’ working the rate of flow through the 
tanks was increased slightly, so as to produce a larger 
volume of limed liquor for filtration. The rate of flow 
was now 15°5 hours in the septic tank and 65 hours in 
the lime tank, or 22 hours in all. This rate of working, 
which continued in use up to February 18th, 1909, 
has given consistently good results. The untreated 
septic tank liquor had always a strong and very objec- 
tionable smell of sulphide, while the limed septic liquor 
going on to the filter had usually a stale sewage smell, 
giving rise to no nuisance in distribution. The weather 
was exceptionally fine and warm during the summer 
months. Under similar conditions a much smaller 


. volume of untreated septic tank liquor, after 24 hours 


settlement, gave rise to considerable nuisance in 1996, 


Fifteen sets of 8 hours’ average samples of the two 
tank liquors were drawn at interval of 8 days. They 
gave the following figures of analyses. 


AVERAGE FIGURES OF ANALYSIS FOR SEPTIC ‘TANK 
LIQUOR AND LIMED SEPTIC LIQUOR. SAMPLES 
DRAWN BETWEEN JUNE 28TH AND NovumBeR 17TH, 











1908. 
Septic | Limed | Number 
Parts per 100,000. Tank | Septic | of Estima- 
t Liquor. | Liquor.} tions. 
Ammoniacal nitrogen -| 5°23 4°78 15 
Albuminoid nitrogen - 0°67 0°50 15 
Total organic nitrogen - 1°43 113 15 
Nitrous nitrogen - : 0°00 0°00 15 
Nitric nitrogen - 0°00 0°00 15 
Oxygen absorbed at once | 2°11 1°43 15 
| ie in 4 hrs.- 661 5°37 15 

Suspended solids - 11°20 8°62 15 
Volatile matter in solids - 8°92 5°61 15 
Solids by centrifuge (vols.) | 76 34 14 
Ratio of suspended solids 

to centrifuge solids - | 1:68 |1:3°9 — 
Chlorine - - - - 9°51 9°02 14 
Calculated “strength” - 72°9 61°5 -— 


Filtration of Limed Septic Liquor. 

The limed liquor was filtered at the rate of 275 gallons 
per cube yard for the first four weeks, during which time 
3 sets of 8 hours average samples were drawn. The 
effluents were all very satisfactory and gave the follow- 
ing figures. 
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AVERAGE FIGURES OF ANALYSIS FOR EFFLUENT FROM 
LIMED SEPTIC LIQUOR FILTERED AT 275 GALLONS 
PER CUBE YARD. SAMPLES DRAWN BETWEEN JUNE 


28TH AND JULY 2I1sT, 1908. 
a PMR Ne i A AEST Aa Sgr BS ore Fi 2 8 Se 








N Ste 
) 
Parts per 100,000. pe Watimat 
tions. 
Ammoniacal nitrogen - - - - | 1°34 3 
Albuminoid nitrogen - - = - | O15 3 
Total organic nitrogen - - - | 0°47 2 
Nitrous nitrogen - ° - | 0°12 3 
Nitric nitrogen - - - - - | 1:96 3 
“ Oxygen absorbed” at 27° C. at once- | 0°59 3 
“ Oxygen absorbed ” at 27° C. in 4 hours} 1°78 3 
“ Oxygen absorbed ” in 4 hours at 27° C. 
(paper filtered) - 5 - ial eel Se 35) 3 
Dissolved oxygen taken up in 48 hours 
at 18°C. - - - - - - | 0°87 3 
Dissolved oxygen taken up in 5 days at 
18° C. - - = - - - | 2°74 3 
Dissolved oxygen taken up in 5 days 
at 18° C. (paper filtered) - - - | 0°69 3 
Suspended solids = : = ao} OB 3 
Volatile matter in solids - = Ps mai 3 
Solids by centrifuge (vols,) - - SP AT 3 
Chlorine - - - 2 = 2) 8°87 3 
Incubator test (by smell) - = -.} All 3 
‘passed 


These effluents were all bright looking, with a moderate 
amount of well defined solid, which settled quickly. 
They may be classed as very fair effluents. 

The calculated oxidisability of the whole effluent, 
including suspended solids and giving credit for the 
nitrate present, is 5°8. The percentage purification is 
99, with 15,130 units of purification per cube yard. The 
calculated oxidisability of the paper filtered effluent is 
1'2, showing 98 per cent. purification. 

As this rate of filtration also gave such satisfactory 
results, it was decided to further raise the flow to 350 
gallons per cube yard, with the idea of seeing if this 
very high rate of working would still result in a non- 
putrescible effluent. Krom July 27th, 1908, to February 
18th, 1909, the filter was worked at this rate of flow. 
Twelve sets of 8 hours’ average samples were drawn, so 
as to correspond with the limed septic liquor going on to 
the filter. They gave the following figures of analysis. 


AVERAGE FIGURES OF ANALYSIS 
FROM LIMED SEPTIC LIQUOR FILTERED AT 350 
GALLONS PER CUBE YARD. SAMPLES DRAWN FROM 
JuLY 28TH TO NovEMBER 17TH, 1908. 


FOR EFFLUENT 








. Number 
ver- of 
Parts per $00,000. avesd bani 
tions. 
Ammoniacal nitrogen - - - =o Seas 12 
-Albuminoid nitrogen - - -  - | 0°30 12 
Total organic nitrogen - - - | 0°60 9 
Nitrous nitrogen - - - - - | O15 12 
Nitric nitrogen - - - -| 114 12 
“© Oxygen absorbed ” at 27°C. at once - | 0°68 12 
‘“ Oxygen absorbed” at 27°C. in 4 hours] 2.44 12 
“Oxygen absorbed ” at 27° C. in 4 hours 
_ (paper filtered) - - - - - | 1°20 12 
Dissolved oxygen taken up in 48 hours 
at 18°C. - - ~ - - - | 2°94 12 
Dissolved oxygen taken up in 5 days 
at 18°C. - - ° = - - | 6°60 12 
Dissolved oxygen taken up in 5 days 
at 18° C. (paper filtered) - - - | 0°59 a2 
Suspended solids - - - - - | 5°28 12 
Volatile matter in solids = - = Be Pre ha CoN 12 
Solids by centrifuge - - ‘ - | 84 12 
Chlorine - - 2 = s ah eStGal 11 
Incubator test (by smell) - = = Aa 12 
passed 


While the oxidised nitrogen has fallen off considerably — 


and the unoxidised nitrogen has risen, there is still 
sufficient nitrate in the effluent to keep it sweet 
on incubation. The suspended solids now take up a 
large amount:of dissolved oxygen, although their actual 
quantity is slightly less than shown ‘in the table on 
page 197 for the effluent filtered at 211 gallons per cube 
yard. On the other hand, the paper-filtered samples 


took up surprisingly little oxygen, the average figure 
being well below the’ provisional standard of 1°5 parts 
per 100,000 in 5 days. These results show that the 
increased rate of flow has affected to some extent the 
oxidation of the ammonia and of the organic matter of . 
the suspended solids, but has’ not appreciably affected 
the oxidation of the dissolved organic matter. 

The effluents were slightly brown in colour, but 


- usually bright, with the suspended matter well defined 


and easily settled. They smelt either earthy or fisly- 
earthy when drawn. att: 
The calculated oxidisability of the whole effluent, 
including suspended solids and giving credit for the 
nitrate, 1s now 18°1, showing 71 per cent. purification on 
the limed septic liquor, with 15,175 units of purification 
—a very high figure. The calculated oxidisability of 
the liquid portion of the effluent is 8°4, showing 86 per 
cent. purification. The reduction on the 4 hours 
“oxygen absorbed” figure for the whole effluent is 55 
per cent. y 
Between November 24th, 1908, and February 14th, 
1909, ten further sets of average samples were drawn, 
at the same rate of flow. During the last seven weeks 
of this period the weather was exceptionally cold ; the 
mean temperature for January and February was only 
37° F., as recorded by a sheltered thermometer hung on 
the filter wall. Even under these adverse climatic 
conditions the filter worked well. Every sample passed 
the incubator test ; the worst, when paper filtered, 
took up 0°97 part of dissolved oxygen per 100,000 in 5 
days, 1.e., it was well within the provisional standard. 
The average analysis of the effluent was identical, 
practically speaking, with that given in the table above. 
The purification was the same, viz. 71 per cent., and 
15,340 units per cube yard were effected by the filter. 
The analysis of this effluent shows that the rate of 
350 gallons per cube yard per day is somewhere near the 
working limit for this strength of limed septic liquor, 
passing through a matured percolating filter of 2-4 inch 
clinker. An increase to 400 gallons would almost 
certainly result in putrescible efiluents at those times 
when the liquor is at its maximum strength for the day. 
It is not, of course, suggested that on the large scale 
filters should be designed to work at.so high a rate of 
flow, but the results of these experiments show that, 
with a sewage of average strength (100), limed septic 
liquor may be efficiently filtered through coarse material 
at arate of 150 to 200 gallons per cube yard per day. 
This would ensure a factor of safety sufficient to cover 
all ordinary variations in the strength of the liquor or 
in the working efficiency of the filters. 


Experiment No, 3, 


The preceding experiment showed that limed septic 
tank liquor could be filtered at a rate of 350 gallons per 
cube yard through a coarse percolating filter in the 
coldest weather, and yet yield an effluent which, 
in:luding its suspended solids, was uniformly non- 
putrescible, while the paper filtered effluent took up 
very little dissolved oxygen in 5 days. The next step 
was to see how untreated septic tank liquor would 
behave when filtered at the same rate through the same 
filter. The addition of lime was therefore stopped, on 
February 18th, 1909, and septic tank liquor (22 hours’ 
continuous flow settlement) was passed through the 
filter at the rate of 350 gallons per cube yard. Although 
the weather was cool, a distinct nuisance from smell was 
now noticeable around the filter. 

From previous experience with lower rates of flow, 
it was expected that the effluent would be a bad one. 


‘The figures given below show that this was the case. 


The nitrification was very poor in all the samples, while 
the first sample, drawn at 4 a.m. from the weakest 
liquor, was the only one that passed the incubator test. 

On March 16th a chance sample of effluent drawn at 
noon contained only 2°7 c.c. of dissolved oxygen per litre 
and had rather a suspicious smell. 

It is evident that septic tank liquor of rather below 
average strength cannot be filtered successfully at 350 
gallons per cube yard, while with limed septic tank 
liquor this high rate can be maintained even under 
adverse climatic conditions. 

It should be noted that while the limed Jiquor gave 
little trouble from stoppage of the jets in the sprinkler 


arms, untreated septic liquor required frequent attention 


with this type of distributor. The irregular distribution 
caused by these temporary stoppages slightly reduces — 
the contact during percolation and to this extent © 
handicaps the septic liquor in comparison with the 
limed liquor. 
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AVERAGE FIGURES OF ANALYSIS FOR SEPTIC TANK 
LIQUOR AND EFFLUENT FILTERED AT 350 GALLONS PER 
CUBE YARD. 


Five sets of 8-hours average samples drawn between 
February 23rd and March 28th, 1909. 








Effluent 
Septic | from 
Parts per 100,000. Tank | Septic 
Liquor. |. Tank 
Liqucr. 
Ammoniacal nitrogen = - : -| 490 3°63 
Albuminoid nitrogen - - -| 064 0°46 
Total organic Nitrogen - - - 1:40 0°98 
Nitrous nitrogen = - - - - 0°00 0:09 
Nitric nitrogen - - - - | 0:00 0°33 
“ Oxygen absorbed” at 27° C.atonce | 1°75 1°22 
“Oxygen absorbed” at 27°C. in 4hours| 6°55 4°52 
“ Oxygen absorbed” at 27° C. in 4 
hours (paper filtered) - 2 kas — 2-03 
Dissolved oxygen taken up in 48hours — 322 
Dissolved oxygen taken up in 5 days — 12°70 
Dissolved oxygen taken up in 5 days 
(paper filtered) ; all three at 18° C. — 1°60 
Suspended solids” - - - - 9°38 9°24 
Volatile matter in solids. - - -| 8°04 772 
Solids by centrifuge (vols.) —- - "| 81 148 
Chlorine - - - | \- - : (ES 741 
Incubator test (by smell) - —- - — 1 passed 
4 failed 
Calculated strength - -_ - -' 70°9 S52 


The figures given above show that the filter was 
unable to produce an efiluent from unlimed septic tank 
liquor, when filtered at the rate of 350 gallons per cube 
yard, which would conform to the provisional standard 
suggested by the Commission, and this although the 
septic liquor was distinctly below its average strength 
at the time these samples were drawn. The liquor was, 
however, typically “septic,” with a slight smell of 
sulphides, and it contained a considerable amount of 
suspended solids. - The calculated oxidisability of the 
whole efiluent, including suspended solids, 13 35°2, 
showing only 50 per cent. purification on the septic 
tank liquor, as compared with the 71 per cent. effected 
on the limed septic liquor at the same rate of flow. 
The units of purification are now 12,500, while with limed 
liquor over 15,000 units were effected per cube yard 
of filter. The liquid portion of the effluent is also 
unsatisfactory, as Judged both by the 4 hours “oxygen 
absorbed” test and by the “dissolved oxygen taken 
up in 5 days.” The purification effected on the 
liquid portion of the effluent, as calculated on the 
atmospheric oxygen used up, is 75 per cent., compared 
with 86 per cent. when limed septic liquor was in use. 
It is evident, then, that the addition of lime to the 


septic liquor, besides greatly reducing the nuisance from 
smell, enables a larger amount of tank liquor to be 
efficiently purified by the filter. 


SUMMARY, 


The method of tank treatment described in this 
report is a compromise between the usual septic tank 
and precipitation processes. Its result in the case 
of a domestic sewage, at all events, is to produce a 
tank liquor which contains only a moderate amount of 
suspended matter and which is capable of efficient 
filtration, with a mimimum of sme'!], at a relatively high 
rate of flow. This is accomplished without the pro- 
duction of nearly so large an amount of sludge as direct 
precipitation involves. ' 

A sewage of average strength (about 100) yields a 
septic tank liquor of strength about 80, which must be 
filtered at a rate of 75-100 gallons per cube yard per day 
on coarse percolating filters, if a perfectly satisfactory 
effluent is to be produced. The limed septic liquor from 
the same sewage would have a strength of about 67, and 
could be filtered at 150-200 gallons per cube yard with 
equally good results. 

It was at first thought that the lime enabled the tank 
liquor to take up oxygen more readily than the untreated 
septic tank liquor, and that this explained the increased 
amount which could be purified by a cube yard of filter. 
Experiments were made in the laboratory to test this 
point, but they failed to show that the limed liquor was 
more amenable to oxidation than unlimed septic liquor.* 
It is probable, then, that the true explanation is to be 
found chiefly in the reduction in “strength ” of the septic 
tank liquor by the lime treatment, and toa smaller extent 
in the more perfect distribution which is possible in the 
absence of coarse suspended matter. 

The sludge production is increased by 50 per cent., 
as compared with the septic tank alone, but the extra 
sludge is les3 objectionable and is more easily pressed 
than septic tank sludge. 

As far as experiment on a small scale can show, the 
cost of the limed septic liquor process should be con- 
siderably less than direct precipitation, including both 
the tank treatment and the subsequent filtration. There 
would be a saving in cost of chemicals and of sludge 
disposal, while the cost of the filters would not be in- 
creased in the same proportion. In some cases the 
limed septic liquor process might conceivably be cheaper 
than septic tanks alone. This would, however, only 
occur where the saving in the cost of filters more than 
balanced the cost of liming and of disposing of the extra 
sludge. 

This process would seem to be well adapted to those 
places where economy in labour is an important 
consideration, but where a good effluent must be 
produced without the nuisance which septic tank 
installations are lable to cause. The conversion of 
existing septic tank systems to the liming process need. 
not be a very costly undertaking. 





PART HII.—DEEP AND SHALLOW FILTER EXPERIMENTS. 


Objects of the Experiment. 


These experiments were designed to show the effect of 
depth of filtering medium in percolating filters con- 
structed (a) of coarse material, (b) of very fine material. 

The experiments previously carried out at Horfield 
and Ilford showed that with deep and shallow filters of 
coarse material, treating equal quantities of tank liquor 
per cube yard per day, there was little to choose between 
the resulting effluents. The small difference was usually 
in favour of the deep filter.+ ; 

On the other hand, Dr. G. Reid, in his experiments on 
the fine filters at Hanley, found that he obtained an 
effluent at a depth of 3 feet which was actually better 
in some respects than that drawn from the full depth 
(43 feet) of the filter.t 

In order to investigate these apparently contradictory 
results, the following experiments were carried out at 
Dorking. 

Sewage Treated. 


The sewage used in these experiments was almost 
entirely domestic and of about average strength. The 


figures of analysis given by 21 sets of average samples,. 
taken from November, 1905, to November, 1906, have 
already been recorded on page 174. ’ 


Tank Treatment. 


The sewage was precipitated with 10 grains of alumino- 
ferric and 5 grains of lime per gallon, followed by 10 
hours continuous flow settlement. The tank was 
cleaned once a week, as a rule, but twice a week in hot 
weather. The average analysis of the precipitation 
liquor is given in the following Tables I. to VIIL, to- 
gether with the analysis of the corresponding effluents. 


Construction of Filters. 


The coarse material (2’-4”), used in the experiments of 
1905-06, was removed from the two filters which had 
treated settled sewage and precipitation liquor. <A 
vertical partition was built across each framework, so as 
to divide it into two semi-octagonal sections. The 
well-mixed clinker having been screened through a 1” 
mesh, was washed in sewage and replaced in one section 





~* Cf Paper by Dr. McGowan and Mr. Girvan on the subject, this Appendix, p. 470. 
{ Cf. Fifth Report of the Commission, Appendix I, p. 759 ; also Fifth Report, p. 78. 


of each filter. The first or shallow filter was filled to a 
height of 2’ 5”, the second or deep filter to 4’ 10’. A 
portion of the remaining coarse material was broken 
down to 4-4” size, well washed, and placed on the other 
side of each partition to a height of 1’ 25” and 2’ 5” 
respectively. A few pieces of coarse clinker had 
previously been placed on the aerating tiles to prevent 
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the fine material falling through the slots. More of the 
old material was then broken down to 4-}” size, washed, 
and placed on top of the 1-4” clinker, so as to raise the 
fine sections to a level with the coarse material on the 
other side of the partitions. 

The construction of the filters may be summarised as 
follows :— 


Area of each filter=6°375 square yards. 





ee eee 


eee Material. 
Coarse Shallow Filter - - Clinker. 
Coarse Deep Filter - = - Clinker. 
Fine Shallow Filter - - - Clinker. 
Fine Deep Filter . - - Clinker 


The distribution of the precipitation liquor on to the 
filters was effected by two tipping troughs, which dis- 
charged intermittently into the cisterns of two rotating 
sprinklers, one on the shallow and one on the deep 
filter. These tipping troughs and sprinklers were 
specially made for this experiment by Mr. G. B. 
Kershaw, the Engineer to the Commission, so as to give 
a consistently uniform distribution with very varied 
rates of flow. Each flush of liquor contained 5 gallons. 
The interval between the flushes of tank liquor was 7'5 


Depth of Material.| Size of Material. ye a a 


2’ 5” 1” to 4” through- 514 
out. 

4’ 10” 1” to 4” through- 10°28 
out. 

2"5” Top 1’ 2k” of 4” 514 
to }" diam. 


Bottom 1’ 24" of 
2” to }” diam. 
4’ 10” Top 2’ 5” of 3” to 10°28 
}” diam. 
Bottom 2’ 5” of 
4” to }” diam. 


minutes in Experiment I. In the subsequent experi- 
ments this was gradually reduced, so that in Experiment 
VI, at 450 gallons per square yard, the interval was 
only 1°25 minutes. The distribution by this method was 
as satisfactory as it can be made with this type of 
sprinkler. Any device in which liquor containing sus- 

ended matter is delivered through small holes is more 
ess objectionable, on account of the frequent attention 
required to clear the jets. 


: TABLE I. 
Average Figures of Analysis for Precipitation Liquor and Effluents. Twelve Analyses. 


All Filters working at the rat 


e of 75 Gallons per Square Yard. 


C 


























g { a 9 r=] a S bo £0 
a Pa = wie aD | an ay _ =| of 
3 - tp % ae PRS aco wes oN P e as a3 
Shs) bom| a iS) payin ab ei Pio Si, aé » BA 3 
sé | $8 | 2-2 | ge-loc88. | 6#e | Bec | a) Soe ee 
June 27th to Sep-| ‘2 bo = x = 2° 23 ae Sak oe 23 Ss ea = 
tember 27th, 1907. 5 q Es x A a6 Qa Siitaees Ban ea =O iS ee) Fim s 
ea =F Ei 2 3 5 > ak Si, a S & 2H 29 MR 
ER =Z 5 - We Sle: gus aa BS ag S aes = 
< < 8 s bors be 42 | 28 toy & & oe. 28 
ae Zan a a = 
Zi ai En mS A> AS > eC a 
Precipitation 
Liquor - : 4°94 0°51 0°02 0°08 1°72 544 = — a 5°73 3°53 60 _ 
Coarse Shallow 
Filter Effluent 0°66 0-11 O14 314 0°47 1°35 0°57 1:47 124 1°53 0°99 27 93 
Do. (paper filtered) _ — — — — 212 — 0°48 _ _ — — — 
Coarse Deep Filter 
Effluent - . 0°14 0°08 O75 4:03 0°31 0°91 0°24 0-67 12+ 1:28 0-77 26 465 
Do. (paper filtered) _ _ — Sst a 0°76 =f; 0°32 Ls — - le a ba es 
Fine Shallow Filter 
_ Effluent - - 0°08 0°04 0°04 4 00 0°27 0°57 0°04 012 12+ _— _ None. 93 
Fine Deep Filter 
Effluent - ~ 0°03 0°04 Trace. | 4-26 0°16 0°51 0°03 015 12+ _ _ Trace. 46°5 





a a 


Experiment 1. 


On June 17th, 1907, the four filters started working at 
‘the rate of 75 gallons per square yard for all the filters. 
This is equivalent to a rate of 93 gallous per cube yard 
for both shallow filters and 46°5 gallons for the deep 
filters. This rate was continued without stop until 
October 17th, 


During the four months all the four effluents and the 
precipitation liquor were examined by sets of average 
samples drawn hourly for 8 hours, every 8 days. The 
figures given in Table I. are thus representative of the 
working of the filters under all conditions. 


The filters all became mature very rapidly, so that the 
samples taken at the end of the experiment, In September, 
aes practically the same analyses as those drawn 
in June. 


The coarse material of both deep and shallow filters 
‘was soon covered with bright green growth, as usual 
during the summer months. .The growth was thin and 
had no effect on the surface eration. 


The fine material was comparatively free from growth. 
Only a few thin rings of green slime appeared on the 
outer parts of the segment where the drainings from 
each flush of liquor chiefly fell. There was no sign of 
ponding on either filter. The upper layers of filtering 
material swarmed with small red worms. 

The figures given in Table I. show very clearly the 
characteristics of the four effluents. Two features are 
at once evident— 

(1) The coarse deep filter gives a much better effluent 
than the coarse shallow fiiter. 


(2) The effluents from the fine deep and fine shallow 
filters are practically identical. 


Taking the coarse filter effluents in detail, it will be 
noticed that the nitrification effected by the deep filter 
is distinctly superior to that effected by the shallow; 
that in the 4 hours “oxygen absorbed” test the deep 
has a 30% lower figure; that there is little difference 
in the amount of suspended matter leavng each filter. 
As regards the quality of this suspended matter, the 
aeration tests for 5 days on the original and paper- 


ee EE EE eee 


* See Fifth Report of the Commission, p. 71; also Appendices III. and IV. to that Report. 
T See Fifth Report of the Commission, Appendix I, p. 759 ; also Fifth Report, p. 78. 
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filtered samples show that the solids from the deep 
filter are much better oxidised than those from the 
shallow filter.* On this point the aeration test gives 
information of great value, as the “oxygen absorbed 
from permanganate” test is not nearly so sensitive 
with regard to the quality of suspended solids, especially 
if these come from a precipitation process. (See first 
section of this report, page 183). In appearance these 
effluents were very similar, of ‘a brownish tinge, but 
quite bright, with no trace of turbidity. They had 
an earthy smell, often very faint. 

On the other hand, if the effluents from the fine filters 
are compared, the oe filter has very little superiority 
over the shallow, the figures for both the effluents being 
practically the same. Neither effluent contained any 
appreciable suspended matter. They were sparklingly 
bright, with the faintest brown tinge, when looked 
through in depth of two feetormore. The effluent from 
the shaliow filter was usually slightly more sparkling 
than that from the deep filter. 


Salt Experiment No. 1. a 

At the conclusion of this experiment an attempt was 
made to find the time taken by the precipitation liquor 
to pass through each filter. (fem 

Fourteen lbs. of common salt were dissolved in water, 
and the solution poured into the tipping trough supplying 
each pair of filters, so as to interfere as little as possible 
with the natural working of the distributors. Seven 
lbs. of salt were thus flushed on to each filter. 

Samples of the four effluents were taken, first at one 
minute intervals, which gradually lengthened to intervals 
of eight hours, over a period of 56 hours, until 
practically all the salt had passed through the filters. 
The chlorine in these samples, plotted against time of 
drawing, is given in diagram 2, tacing page 82 of the Fifth 
Report of the Commission. [Cd. 4278]. 

Although it seems very difficult to determine the true 
average time taken by the liquor to pass through each 
filter, the following figures are of value for purposes of 
comparison. 





Total quantity of 
salt washed 
out of filter in 


Time taken for 
half the average 
quantity of salt 


Hour line upon 
which the centre 
of gravity of the 


Total area 
enclosed by | 








ae 30 hours. to wash out. curve figure falls. the, curve figure. : 
Weight | Propor- : Hour . 
in tion to Hours. Time Hours line Cubic Ares 
ihe: 7 Ibs. ratio. datie? inches. ratio. 
Coarse shallow filter - 4°36 0°62 3°0 1°0 5°3 1:00 12°9 1:00 
Coarse deep filter - 4°59 0°65 5:5 1°8 90 1°63 13°0 101. 
Fine shallow filter - 4°98 O71 70 Fs. 90 1°63 140 1°08 
Fine deep filter - - T 5°42 0.77 14°5 4°8 170 3°10 14°0 1°08 
Average - - - 4°83 — | — | — -- Average 13°5 — 


The method of determining, by salt experiment, the 
time of contact during percolation, was suggested by 
Mr. C. C. Frye, who also calculated the figures given for 
the first three salt experiments, Much of the subsequent 
work of this report has been based on these results. 

Taking the time for “ half the average quantity of salt 
to wash out” as the best index for time of contact, the 
coarse deep filter gave nearly double the contact of 
the coarse shallow filter, and not quite so long as the fine 
shallow filter. The time of contact in the fine deep filter 
was almost exactly double that in the fine shallow. 

The figures of analysis in Table I. show that the 
quality of the effluents was in the same order as the times 
of contact, the effluent from the coarse shallow filter 
being the least purified and that from the tine deep 
filter the best. 

Experiment II. 

On October 18th, 1907, the rate of working was in- 
creased to 150 gallons per square yard for all the filters. 
_ This is equivalent to a rate of 186 gallons per cube yard 
for both shallow filters and 93 gallons for the deep filters. 

The filters were worked at this rate, without stop, until 
December 22nd, when they were rested for 7 days in cold 
dry weather. On December 29th they were started 
again at the same rate, and continued till January 28th, 
1908. 

The increased rate of working and the falling atmo- 
spheric temperature soon showed their effects on the 





nitrification, the ammonia rising and nitrate falling in all 
the effluents. The growths on the coarse filters began to 
flourish towards the end of October, and as usual slowly 
increased in thickness during the two following months. 
On the fine material growth began in November, and was 
sufficient to cause permanent local ponding on November 
20th. This ponding was nfore marked on the shallow 
filter. On December 2nd the surface of this filter was 
raked over for the first time. The state of the surface of 
the fine filters was reflected very clearly in the analyses 
of their effluents. The suspended solids in the coarse 
shallow filter effluent increased considerably, while those 
in the coarse deep filter effluent remained much as before. 
Flushes of solid came down from the fine shallow filter, 
reaching as much as 3°9 parts per 100,000 in one sample, 
but generally there was very little over 0°8 per 100,000 in 
this effluent. The fine deep filter discharged hardly any 
solid until after the week’s rest in December, when a small 
flush came out and quickly washed away. Generally, 
there was little more than a trace of solid in this effluent. 

The severe frosts early in January killed off the growths 
on the fine filters and to a certain extent on the coarse 
filters also, but with the return of milder weather the 
surfaces were covered again in a fewdays. Although the 
filters were at times completely frozen over between the 
jet tracks of the sprinklers, none of the effluents de- 
teriorated much. The coarse deep filter suffered most in 
this way, from its exposed position. 


TABLE II. 
Average Figures of Analysis for Precipitation Liquor and Effluents. Ten Analyses. 
All filters working at the rate of 150 gallons per syuare yard. 
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7 oa oa q fe) Cas ont ea-r pga) lain aa Ga So S S83 
So go eS 2 Be HOA Stak & 2) Bley ag so Ao 4 £37 
October 22nd, 1907, to 8 Be = 2 ae ae anes Ales S¢ na = 8g A me 
January 12th, 1908. 25 =e zi Z a8 Bee we = a8) | oS arti =o 29 Re 6 2 A 
ion Ef 2 ° = & roa > oy ca om a} Ra) a on 
BZ 27, ° 2 He 82 |o28] Sage] Bs mn 2 3a at 5 [28 
= By Sh Oe lee | SSS 25 ia on eae ate 235 
et eek Go et aed AS ae ge 3s 
Precipitation Liquor -| 413 9°50 0-09 0°19 1°44 4°8 — — — 5°70 3°03 64 7°48 — 
Coarse shallow filter . 
effluent - - - 0°99 0°16 0°08 2°23 0°41 1:2 1°00 2°42 10+ 2°65 1°75 §3 7°05 186 
Do. (paper filtered) : _ — — a a 0°87 A. 0°52 cee aS re ee = a 
Coarse deep filter 
efflueit - - 0°55 0°10 0°07 2°69 0°27 0°94 0°51 1°40 10+ 1°51 1°09 34 7:07 93 
Do. (paper filtered) - _ — — =: —* 0°79 ae 0°42 ve aS = = ae 
Fine shallow filter 
effluent - = - 0°86 O11 0°05 2°80 0°34 0°90 0°46 108 10+ 1:00 _ 26 7°02 186 
(approx.) 
Fine deep filter effluent 0°35 0°06 0°03 3°25 0°24 0°60 0°21 0°42 10+ 0°25 — 5 7°02 “93 
(2PPYOX.) 





* Coarse shallow solids, z.e., the mud deposited from the effluent, went putrid in 5 days at 80°F. Coarse deep 
solids only had a strong earthy smell after 26 days. + 39 hours, 
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Table II. gives the figures of analysis for this second 
section of the experiment. : 3 

In comparing these results with those in Table L., 
allowance must be made (1) for the dilution of the sewage 
by the autumn rains ; (2) the lower atmospheric tempera- 
ture ; (3) the effect of growths on the surface aeration, 
especially on the fine filters ; (4) the solids in suspension 
in the fine shallow filter effluent. ; f 

The high figure, 0°86, for: ammoniacal nitrogen in the 
fine shallow filter effluent is entirely due to surface 
ponding at the time three of the samples were drawn. 
The deep filter was also affected but not to quite the 
saine extent, only two of the samples showing the results 
of the ponding. 

The oxidised nitrogen shows a perfectly regular pro- 
gression from coarse shallow to fine deep filter, the 
nitrous nitrogen falling and nitric nitrogen rising. The 
figure for nitric nitrogen, 2°80, in the fine shallow filter 
effluent would probably be nearer to that for the fine 
deep filter, but for the growth trouble in three samples. 

Although neither is so good as in Experiment 1, the 
two coarse filter effluents as a whole are in the same 
position relatively to one another, for the deep filter is 
considerably better than the shallow. In suspended 
solids and in the figures affected by them, the shallow 
filter shows the effect of the increased rate of working. 
The aeration test is again the most sensitive. 

On turning to the fine filter effluents, we find a much 
greater difference between the figures in Table II. and 
those for the corresponding effluents in Table I. than in 
the case of the coarse filter effluents. The ammoniacal 
nitrogen is ten times as high in both cases, for which 
the causes (2) and (3), mentioned above, are largely 
responsible. A comparison of the figures for the fine 


filter effluents in Table II. leads to the conclusion 
that the deep filter effluent is unquestionably the better 
of the two. This superiority is, however, due not so 
much to the direct advantage of its greater depth as to 
the fact that the solids had not yet worked out to the 
same extent as those from the shallow filter. 

In appearance the coarse filter effluents showed little 
change after increasing the flow. They had an earthy 
smell, but rather stronger than before. 

The fine filter effluents lost that remarkable brilliance 
which was so evident at the slower rate of flow, This 
was more marked in the shallow filter effluent, while 
solids in appreciable amount also appeared. The deep 
filter effluent never contained more than 0°3 per 100,000 
of suspended matter. In the majority of samples there 
was only a trace of solid. ia 


Salt Experiment 2. 


Another experiment to determine the time of contact 
for each filter at the 150 gallon rate was made-on 
January 23rd, 1908. The results are shown in diagram 
3 facing page 86 of the Fifth Report of the Commission 
[Cd. 4278.] 

The same amount of salt was flushed on to each 
filter as in Experiment 1, but as the flow of liquid had 
been doubled, the chlorine figures are correspondingly 
lower in each case. 

It will be seen that the times of contact in the coarse 
filters were considerably more than half those found in . 
Experiment 1, although the rate of filtration had been 
doubled, This is more marked in the coarse shallow 
filter. The fine filters, however, gave almost exactly half 


the time of contact given in Experiment 1. 


Figures for Salt Experiment 2. 


























. Time taken for Hour line upon ; ; 
es alee half the average which the centre pte 
filter in 23 hours quantity of salt of gravity of the the curve Goethe 
vie ig to wash out. curve figure falls. | - a 
Weight | Propor- 4 Hour . ; 
in tion to | Hours. Time Hours. line Ra oe Area, 
Ibs. | 7 Ibs. OG ratio, 10 aati Gale band 
Coarse shallow filter - - - 4°20 0°60 228 1-00 3°8 1:00 6°38 1°00 
Coarse deep filter — - - - 4°87 0°69 3°00 1°32 5°6 1°48 6°53 1°02 
Fine shallow filter  - - - A417 0°60 3°70 1°63 5°8 1°53 5°63 0°88 
Fine deep filter - - - 4°36 0°62 630 rei 9°4 2°48 6°68 1°05 
Average - - 4°40 — ae — —- —- 6°30 — 














Salt Experiment 3. 


When salt experiment 2 was made, the filters. were in 
a very different state from that which obtained in ex- 
periment 1. The development of the fungoid growth 
(cladothrix dichotoma) had been proceeding ever since 
the last experiment, so that the surfaces of the coarse 
filters were thickly coated. The raking of the fine ma- 
terial prevented this development on the other two filters. 





In order to see if the difference in the ratios for time 


of contact was due to these growths, a third salt ex- 
periment was made immediately after experiment 2, at 
the original rate of 75 gallons per square yard. This 
experiment was carried out in exactly the same way as 
experiment 1. 

The results are shown in Diagram 4 facing page 87 of 
the Fifth Report of the Commission [Cd. 4278] and in 
the following table of figures :— 





Total quantity of 
salt washed out 
of filter in 46 

















Time taken for 
half the average 
quantity of salt 


Hour line upon 
which the centre 
of gravity of the 


Total area 
enclosed by 
the curve figure. 





hours. to wash out. curve figure falls. 

Weight | Propor- % Hour — re bi A 
: : ea 
in tion to | Hours Se Hours. line Rae ate. eas 

lbs. 7 lbs. 3 ratio. : 
Coarse shallow filter - = - 6°97 0°99 63 1:00 8°38 1°00 22°26 1°00 
Coarse deep filter - - = 6°02 0°86 91 1°44 110 1°23 15°80 0°70 
Fine shallow filter = - =- = - | 687 0°98 10°2 1°62 13° 1'57__| 18°20 0°82, 
Fine deep filter - : - - 629 0°90 16°9 2°68 19°6. pio 216 16°28 0°73 

Average - - | 6°54 | — | = | eae —s | —- 18°13 — 
l 





The times taken for half the average quantity of salt 
to wash out give almost the same ratios as in salt ex- 
periment 2, viz :— 

Experiment 2.—1°00: 1°32: 1°63: 2°77. 
“ 3.=—L00% 1443-162 2° 2°68 














The conclusion may therefore be drawn that with filters 
of various depths and size of material, but all in the 
same state, the times of contact are inversely proportional 
to the rates of flow. ) 


203 


Although the growth upset the comparison with Ex- 
periment 1., it enabled a very clear idea to be formed of 
‘the close connection between time of contact and the 
percentage purification effected on the liquid portion of 
the effluents. 

With the aid of Tables I. and IJ. we are now in a 
position to see if the quality of the effluents from both 
coarse and fine filters of different depths depends only 
on the rate of working, as measured in gallons per square 

ard of filter area and not on the depth of the material ; 
or, whether this rate, in conjunction with the depth of 
the filter, z.e., the rate per cwbe yard, is the determining 
factor in the purification effected. 

From Table 1. we see that when all the filters were 
working at the rate of 75 gallons per square yard, the 
coaise deep filter gave a considerably better effluent 
than the coarse shallow filter, but that with the fine 
material the effluents from both deep and shallow filters 
were practically alike. Now, as the time of contact in 
the fine deep filter was twice that in the fine shallow 
filter, it is natural to expect that the effluent from the 
deep should be considerably better than that from the 
shallow filter. _ Why this was not the case will perhaps 
be made clear from the following considerations :— 

In many operations evolving the expenditure of 
energy, the cost of obtaining the last few units up to the 
maximum effect possible is very great in proportion to 
that needed in previous stages. For example, the c al 
consumption necessary to drive a ship at her maximum 
speed, of say 25 knots, is out of all proportion to that 
needed to give her a speed of 20 knots. Now, the fine 
shallow filter produced the very high purification. of 
100+19 per cent., calculated on the atmosphefic oxygen 
taken up in the process, while the fine deep filter produced 
a purification of 100+20 per cent. In this case, there- 
fore, an increase of 100 per cent. in the time of contact 
improved the purification by only 1 per cent. (cf. Table 
on p. 209.) 
~ In Table IT. there is much the same relation between the 
coarse deep and coarse shallow filter effluents as before, 
although the rate of flow had been doubled. There is 
less difference in the purification effected than in 
Experiment I., but the deep filter again gave the better 
effluent. It is interesting to compare this effluent, 
filtered at the rate of 93 gallons per cube yard, with the 
coarse shallow effluent in Table L., filtered at the same 
rate. Theoretically, the liquid portions of these effluents 
should be alike, and, allowing for difference in strength 
of liquor treated, this is almost exactly the case. 

With the fine filters, unfortunately, it is impossible to 
be so sure of drawing correct conclusions from the 
results obtained. The aeration of both the filters was 
impeded by the surface growth, the shallow filter 
especially, probably owing to its more sheltered position. 
The suspended solids in the shallow filter effluent, 
although small in amount, are quite sufficient to account 
for a great part of the differences in the two analyses. 
Apart from suspended matter, the effluent from the fine 
deep filter showed about 6 per cent. better purification 
than that from the fine shallow filter. 

The increased rate of filtration was therefore sufficient 
i make a distinct difference in favour of the fine deep 
ter. 

Salt experiment 2 showed that the time cf contact for 
the coarse deep effluent was very nearly equal to that for 
the fine shallow effluent. They should therefore give 
equal purification, although the latter was filtered at twice 


the rate of the former in gallons per cube yard. From 
the figures of analysisin Table 3, we see that this was ex- 
actly the case. 

Salt experiment 1 showed that the fine shallow filter 
provided a rather longer time of contact than the coarse 
desp filter allowed. ‘The figures in Table I. show that 
there was a corresponding difference in the quality of their 
effluents. 

All the evidence therefore goes to show that, as- 
suming sufficient aeration, it 1s time of contact which 
determines the purification that any filter can effect. 
This point has, in theory, already been frequently em- 
phasized in various reports presented to the Commission 
by their Officers, and the experiments at Horfield, Ilford, 
and Accrington have borne out the contention. The 
various salt experiments at Dorking, however, now 
constitute systematic proof of its correctness. Time 
of contact depends upon two factors, the rate of filtra- 
tion and the size and condition of the material. The 
depth of the filter is of importance only so far as it 
influences the area of filter required in each case. If 
local circumstances, such as the available fall, favour 
very shallow filters, these can quite safely be em- 
ployed, provided that the area is increased to the neces- 
sary extent, and provided that the distribution of liquid 
on to the filter is efficient. 


Rapervment IT. 


_ On February 15th, 1908, the rate of working was 
increased from 150 to 200 gallons per square yard per 
day for each filter. This is equivalent to a rate of 248 


‘gallons per cube yard for each of the two shallow filters 


and 124 gallons for each of the two deep filters. This. 
rate was continued without interruption till May 23rd, 
when the experiment stopped. 

Throughout this experiment the growth of cladothrix 
dichotoma was very vigorous over the surface of all the: 
filters. It also appeared to penetrate down into the 
material of both coarse filters, as far as could be seen 
through the side walls. A certain amount of ponding 
occuried on both coarse filters in March and April, but 
it was never serious and no bad effluents resulted. This 
point is of interest, as in March-April, 1906, the coarse 
filter treating precipitation liquor was so badly choked by 
growth that the effluent was putrescible for a month or 
more, and much dead growth came away from the filter. 
It should be noted, however, that in 1906 (1) the filter: 
‘was not fully mature, (2) the precipitant was alumino- 
ferric alone, instead of alumino-ferric and lime, (3) the 
sprinkler ran continuously, not intermittently. 

The fine filters were raked over twice a week, to keep: 
the surface open. In their case the growth did not 
penetrate into the filter, but if left untouched, the filters 
were completely flooded over in less then a week.’ The 
raking easily counteracted this, and the samples do not 
appear to have been much affected by deficient aeration. 

The material of both the fine filters was very sodden 
and black looking just under the surface, with an un- 
pleasant septic smell. 

The suspended solids steadily increased in all. four 
effluents towards the end of the experiment, especially in 
those from the coarse filters. The usual spring “ flush out” 
had begun when the last two sets of samples were drawn. 

This “spring flush” coincides with the seasonal decay 
of the fungoid growth, so that when the experiment 
stopped on May 23rd, the filters were almost free from 
this obstruction. 


. TABLE III. 
Average Figures of Analysis for Precipitation Liquor and Effluents. Twelve Analyses. 
All filters working at the rate of 200 gallons per square yard. 
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Salt Experiment 4. 


‘After 10 sets of average samples had been drawn in 
Experiment III., another determination of time of 
contact was made, at the rate of 200 gallons per square 
yard. When the experiment was done on May 5th, the 
growth had begun to wash out from the coarse filters, 
especially from the shallow one. 











The procedure was exactly the same as in the other 
salt experiments, but owing to the squally weather -pre- 
vailing at the time, the distribution on the deep filters 
was not as regular as it should have been, the fine deep 
filter receiving more than its proper share of the brine, 
and the coarse deep filter a correspundingly smaller 
amount. 














Total quantity Time taken for half the average 
of salt washed | Proportion to quantity of salt to wash out. 
hat out of filter in 7 lbs. 

71 hours. Hours. Time Ratio. 
Coarse shallow filtar - - - = - 6°96 0°99 1:5 1:00 
Coarse deep filter - - - - - 4°87 0°70 4°9* 3-20 
Fine shallow filter = - - - - - 6°49 0°93 16 1°07 
Fine deep filter - - - - - - 8:93 115 3:7% 9°47 
Average - - - - 6°59 — ers ccna 


Although this salt experiment was not so satisfactory 
as the others, the times of contact are again in the same 
order as the quality of the effluents, as judged by the 
figures of analysis of samples drawn shortly before the 
experiment was made. 

Table LIT. shows the figures of analysis obtained 
during this experiment. : 

The average strength of the precipitation liquor is a 
little higher than in Experiment IL., viz., 56°4 compared 
with 53°7.. The chief feature is the similarity of the 
effluents, from both pairs of filters of equal depth but 
of different size of material, especially as regards their 
liquid. In the last three sets of samples drawn in this 
experiment, the coarse deep filter effluent was the best of 
the four. This fact must be noted when the table of 
times of contact given above is compared with the 
analyses. 

Generally speaking, the conclusions drawn from Experi- 
ments I. and II. are fully confirmed by Experiment ITI. 
As the rate of flow is increased, the more is the advantage 
of depth made evident. 


In Experiment II. the coarse deep filter effected 6 per 
cent. higher purification than the coarse shallow, while 
in Experiment III. this advantage is increased to 15 per 
cent. The fine filters similarly show 6 per cent. and 18 
per cent. superiority in the deep filter. (C'f. Table on p. 209.) 


Experiment IV. 


On May 30th, 1908, the rate of flow was raised from 200 
to 250 gallons per square yard per day for all the filters. 
This is equivalent to 310 gallons per cube yard for tha 
shailow and 155 gallons for the deep filters. This rate 
of filtration was continued for seven weeks to July 20th. 

A heavy flush-out of solids occurred early in June, 
with the result that the suspended matter in both the 
coarse filter effluents and in the fine shallow filter effluent 
was much above the normal. The fine deep filter, 
however, discharged very little solid. : 

Throughout this experiment no trouble was caused 
by growths on any filter. No ponding occurred on the 
fine filters, and no raking was necessary. 


TABLE IV. 


Average Figures of Analysis for Precipitation Liquor and Effiuents. 
All filters working at the rate of 250 gallons per square yard. 


Six Analyses. 
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Table LV. gives the figures of analysis for this experi- 
ment. The precipitation liquor chanced to be rather 
below its average strength in the six sets of hourly 
samples examined, giving a calculated value of 50°1 only. 

As in Experiment III., there is again a similarity in 
the effluents from the deep filters—of the same depth 
but of different-sized material. The reason for this is 
explained by the “time of contact” determinations. 

All the effluents were bright in appearance, with an 





earthy smell, sometimes very faint. Every sample kept 
sweet on incubation, although the coarse shallow filter 
effluent contained 25 parts per 100,000 of suspended 
solids in one case. 


Salt Hxperiment 5. 


On July 14th the times of contact were determined 
at the 250 gallon rate of flow, with the following 
results :— 


Time taken for half the salt t 


Total quantity wash out. 








of salt washed e geemion 
out of filter in to 7 lbs. . . 
a4 obed Hours. _Time Ratio. 
Coarse shallow filter - . - - . 6 37 0°91 09 10 
Coarse deep filter = - - - ; - 5°84 6°83 2°5 2°8 
Fine shallow filter = - - : - - 6°08 0°87 2°3 2°6 
Fine deep filter - - - - - - 6°07 0°87 2°6 2°9 


* Half the actwal quantity of salt washed out. In salt experiments 1, 2 and 3, the time required for half the 
average weight of salt to wash out from all four filters was taken as the time of contact. It was subsequently found 
that the results were more reliable if half the actwal weight of salt washed out from each filter was taken, in place 
of half the average from the four, as above. If the distribution of the salt had been erfectly uniform in each ex- 
periment, the two figures would have been identical, but in practice it was impossible to secure this. In salt ex- 
periments 5 to 9, the times of contact are calculated on half the actual weight of salt washed out from each filter, 


Here again the times of contact are in omplete 
agreement with the quality of the effluents, the dissolved 
oxygen taken up in 5 days by the paper-filtered samples 
being inversely proportional to the contact afforded. 

It is interesting to note the effect of the flush-out of 
solids in the case of the shallow filters. In Experiment 
IIT. the coarse shallow filter.gave 1°5 hours contact and 
the fine shallow filter 1°6 hours. After the discharge of 
solids in Experiment IV. the contact in the coarse 
shallow filter fell to 0°9 hour, while in the fine shallow 
filter it rose to 2°3 hours. This peculiar effect occurs 
whenever solids are discharged freely from the filters, 
either by natural flush-out or after the filters have been 
rested. The probable cause of these opposed results 
is discussed on page 210, 
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Experiment V. 

On July 25th the rate of flow was further increased to 
200 gallons per square yard for all the filters, 2.¢. 372 
gallons per cube yard for the shallow filters and 186 
gallons for the deep filters. This rate of working was 
continued for ten weeks to October 7th. 

The flush of solids from the filters had ceased before 
Experiment V. began, and all the effluents contained 
quite moderate amounts of suspended matter. 

On August 11th both the fine filters began to pond 
slightly, so that raking of the surface was resumed. 
This ponding was not due to growths, but to clogging 
of the surface material by suspended matter. As the 
result of this, the upper layers of both fine filters had 
become very sodden by the time the experiment ended. 


TABLE V. 


Average Figures of Analysis for Precipitation Liquor and Effluents. 


Seven Analyses. 


All filters working at the rate of 300 gallons per square yard. 
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The figures of analysis are given in Table V. It 
will be noticed that the effluent from the coarse deep 
filter is now for the first time the best of the four. The 
coarse shallow filter effluent is still the worst, but it is 
actually better, as regards its liquid portion, than it was 
at the 250 gallon rate in Experiment IV. The time of 
contact determinations will explain this apparently 
contradictory result. 





Total quantity 


All the four effluents of Experiment V. were good, and 
caused no objectionable growths when run along 50 yards 
of channel. 


Salt Experiment 6. 


On October 6th the times of contact were determined 
at 300 gallons per square yard, with the following 
results :— 





Time taken for half the salt 


of salt washed Proportion to wash out. 
out of filter to 7 lbs. 
in 27 hours. Hours Ratio 
Coarse shallow filter - - - - 6°30 0°90 15 10 
Coarse deep filter  - - - - - 6°71 0°96 28 1°9 
Fine shallow filter = - - - - - 6°53 0°93 17 og 
Fine deep filter - - - - - - 6°01 0°86 3°6 2°4 





On comparing these figures for time of contact 
with those for Salt Experiment No. 5, it will be 
seen that the coarse shallow filter shows a marked 
increase, indicating the retention of suspended solids in 
the filter. From the tables of analysis, the solids in this 
effluent have fallen from 9°7 to 3°6, while the improvement 
in the purification of the liquid portion of the effluent is 
correspondingly higher. Both the deep filters show a 
smaller increase in their times of contact, but in their 
case the effluents do not show a similar variation as 
regards purification. It is probable that the change from 
250 to 300 gallons is too small to permit a fair comparison 
between the average figures of analysis for ten weeks and 
the times of contact determined on one day only at the 
end of that period. 

Experiment VI. 

As the information to be gained by further small 

increases of flow was not likely to be of much value, it was 


decided to raise the rate of filtration from 300 to 450 
gallons per square yard for all the filters, and this was 
accordingly done on October 7th. It was intended that 
this rate, which is equivalent to 558 gallons per cube 
yard on the shallow filters, should test these to the 
point of breakdown. The experiment lasted for seven 
weeks, to November 28th. 


Throughout this experiment the fine filters were raked 
daily, but this did not prevent them becoming ponded 
on the surface. At the end of the experiment the fine 
shallow filter was so water-logged that the tank 
liquor ran over the edge in two or three places. The 
coarse material was not at all ponded, although it 
became covered with the fungoid growth usual at this 
season, 
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TABLE ‘VI. 


Average Figures of Analysis for Precipitation Liquor and Effluents. 


Six Analyses, : 


All filters working at the rate of 450 gallons per square yard. 


in 
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The figures ot analysis for this experiment are given 
in Table VI. They show that the shallow filters were 
now past their limit for the production of a non- 
putrescible effluent, since only two samples out of six 
in each case withstood incubation. These were both 
from the weakest night sewage. The paper-filtered 
samples of effluent only gave two samples which 
failed to withstand incubation, both being from the fine 
shallow filter. It is interesting to note that this 
effluent is the only one which is below the provisional 
standard of 1% parts per 100,000 of dissolved oxygen 
taken up in 5 days. The deep filter effluents were 
always non pntrescible. The liquid portions of both 
shallow filter effluents show 74 per cent purification, as 
calculated on the atmospheric oxygen used up, while 


Total 
quantity of 








salt washed out 





of filter 
in 27 hours. 
Coarse shallow filter — - Ee, 
Coarse deep filter - - - 5°22 
Fine shallow filter - _ 6°23 
Fine deep filter - - - 6°89 


the liquid portions of the deep filter effluents also show 
identical purification, viz., 91 percent. With the filters 
in the state they were in at this time, the size of the 
material made no difference in the purification effected 


- on the liquid. 


In appearance the shallow filter effluents were both 
very turbid and smelt slightly of sewage. The deep 
filter effluents were either bright looking or slightly 
turbid, with a clean earthy smell. 


Salt Experiment 


The times of contact for the four filters at 456 


gallons per square yard were determined on October 
8th, as follows :— 








‘ Time taken for half the salt 
Proportion to wash out. 
to 7 Ibs. - : 
Hours. Time Ratio. 
1:05 11 1-0 
0°75 16 14 
0°89 is as 
0°98 2°4 2°2 








These results are especially interesting, because they 
show that a contact of one hour is insufficient to 
produce an uniformly non-putrescible effluent from a 
liquor of strength 57 ; while 1°5 hours contact will yield 
an effluent of fair quality. It is truethat in Experiment 
IV. a contact of 0°9 hour on the coarse shallow filter 
gave a non-putrescible effluent, but this was in July, 
under the climatic conditions most favourable for 
nitrification. Itis certain that in the winter this would 
be quite insufficient, 


é Experiment VII, 


Up to now the deep and shallow filters had all treated ° 
precipitation liquor at the same rate of flow per square 
yard, so that the rate per cube yard was in each case 
twice as high for the shallow as for the deep filters. 
In the following experiment the shallow filters were 
worked at the rate of 350 gallons per square yard and 
the deep filters at 700 gallons. For the reasons which 
will be detailed in Part 1V., these rates, which are 
equivalent to one of 434 gallons per cube yard for each 
of the four filters, were indicated as the highest at 
which the filters could treat the precipitation liquor, so as 
to yield an effluent, uniformly non-putrescible, and which 
would not take up more than 1°5 parts per 100,000 of dis- 
solved oxygen in 5 days. The efficiency of a cube yard 
of the different filters could thus be directly compared. 

In order to allow the shallow filters to recover from 
the effects of the last experiment, the tank liquor was 
shut off from all four, while the fine material was dug 
over several times. On first digging into the fine 
clinker, it was found that in both deep and shallow 
filters there was a layer about 1 foot deep which was 
black and slimy, contained no wo1 ms, and had a strong 
“septic” smell. The shallow filter was rather more 
sodden than the deep, and the black layer had astronger 
smell, Below this the material was brownish and fairly 
clean, with an earthy smell ; many worms were to be 
seen in this portion. 

On January 4th, 1909, the tank liquor was turned 


on to the filters, which continued to work till April 1st. 
In order that the interval between the flushes of tank 
liquor might be the same on both deep and shallow 
filters, a new tipping trough, holding 10 gallons, was 
fitted to the deep filters in place of the 5 gallon trough 
used up to now. 

On January 7th the times of contact were deter- 
minated by salt experiment 8, with the result shown in 
the table below. Throughout this experiment the 
weather was unusually cold, hence the efficiency of all 
the filters was below the normal. The fine filters had to. 


be raked frequently ; the coarse material was forked 


over early in February, as the growth was then becoming 
obstructive, but was not touched again. On March 30th, 
the times of contact were tested by salt experiment 9. 
The results are tabulated with those obtained at the 
beginning of the experiment on January 7th. 





Salt experi- Salt experi- 
ment 8. ment 9. 
Jan. 7th, 1909. |March 30th, 1909. 
Time of con- | Time of con- 
tact in hours. | tact in hours. 





Coarse shallow filter- V1 1°42 
Coarse deep filter - io 1°43 
Fine shallow filter - 1°95 1°81 
Fine deep filter - 2°14 215 


The coarse filters had thus increased their time of 
contact slightly, while the fine filters were practically 
the same as at the beginning of the experiment. 
Arguing from previous experience, this result should 
indicate (1) that the coarse filters bad either retained 
considerable quantities of suspended solids, or that 
growth was flourishing in them; the latter was the 
actual cause of the increased contact—an effect similar 
to that observed in these filters in Experiment IL, 
(2) that the fine filters had discharged sufficient solids to 
keep the amount held up in the material fairly constant, 
and that they were not affected by growths. 


‘ 
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TABLE VII. 


Average Figures for Precipitation Liquor and Effluents. 


Nine Analyses. 


All filters working at the rate of 434 gallons per cube yard. 























5 Es i" & 
. o 2 a 
— oO =| Z ° & > 3 a) . B Ee 
3S Lie] oh o et aq ~ “= « 
oa 2 ° i) Qa iva Ho a +: by S 
January 12th to 3 s 28 2 £ S38 S.a% 2 a 33 az gé 
March 20th, 1909. 86 ney A =. a SO Be Qo, 38 od o§8 
aha as 55 2B A @ 8 See s2 aay ce I SS 
ba oi E & oa) | eae | ae pat saa ae 
et iz by 23d = > = 
a Sar) biel B 
Precipitation Liquor - - - 4-55 0-59 0-06 0-33 6°16 a = 5-7) 3-05 74 
Coarse shallow filter effluent - 3:70 0-32 0-12 0-62 2-94 4:98 |5+3—1? 6:07 4-23 105 
Coarse shallow (paper filtered) - — 0-19 = =. 1:56 1-85 See a 8 aaa 
Coarse deep filter effluent - - 3-65 0-28 0:07 0:72 2-33 3°73 7+2-— 4-06 2-92 77 
Coarse deep (paper filtered) : a 0-16 oe ve 1-33 4-45 Creu eS +a — Ae 
Fine shallow filter effluent - 3:10 0-23 0-07 1:14 2-41 8-01 9+ 5:29 3-78 103 
Fine shallow (paper filtered) - | — 0-17 — — 1-14 1-15 9+ _— — —_ 
Fine deep filter effluent - - 3:53 0-25 0-03 0-91 2°27 3-19 9+ 4-32 3-01 80 
Fine deep (paper filtered) - — 0-16 ~ — 1-36 1-50 9+ _ —— — 


The figures of analysis for this experiment are given in 
able VII. They show that the rate of 434 gallons per 
cube yard was too high to enable the cvarse filters to 
produce the purification desired, as three out of nine 
samples of shallow filter effluent and two out of nine of 
deep filter effluent went putrid on incubation, while 
the dissolved oxygen taken up in five days by the paper- 
filtered samples was unsatisfactory in three of the 
effluents. The fine shallow filter effluent was in most 
respects the best effluent of the four. This result lends 
support to the claim that fine material is most efficient 
when arranged in the form of a shallow rather than a 
deep filter. In this experiment the filters were working 
right up to their limit, but in the next and final experi- 
ment it will be seen that this was also true when they 
were working at the practical rate of 150 gallons per 


cube yard per day. 
Experiment VITT. 
In Experiment VII. the filters were all somewhat 
overloaded and the effluents were consequently of poor 
quality. Under these conditions the fine shallow filter 
was slightly more eflicient. than the other three. In 
order to see if the filters would show the same relative 
efficiency when producing a good effluent, the rate of 








flow was reduced to 150 gallons per cube yard per day 
for all the filters. This rate is that recommended by the 
Commission in their Fifth Report for the filtration of 
precipitation liquor of average strength (50 to 60) on 
coarse percolating filters. The contacts given at a rate 
of 150 gallons per cube yard should be 2°2 hours for 
coarse material and 4°4 hours for fine materjal, pro- 
ducing a purification on the liquid portion of the 
effluents of 100 and 100 + 13 per cent. respectively.t 

The experiment lasted for six weeks, from April 13th to 
May 25th, during which time 4 sets of average samples 
were examined. The samples. were drawn hourly for 24 
hours in each case,instead of for 8 hours as in all the pre- 
ceding experiments on the deep and shallow filters, so as 
to secure a representative analysis in less time. Each 
analysis was therefore equivalent to three on the old 
system (apart from the question of time covered by the 
experiments). 

The seasonal decay of growth and the spring flush-out 
again coincided during this experiment, so that the 
solids were high in ali the effluents. The fine filters 
required a little raking at first, but after three weeks 
needed no further attention ; the coarse filters were not 
touched. 


TABLE VIII. 


Average Figures for Precipitation Liquor and Effluents. 


Three Analyses. 


All filters working at the rate of 150 gallons per cube yard. 








| 

- oO 

Si. us} ee 

aq o6 § 

April 16th to May 5th, 1909. 5 S ae a 

. 2 t=! 2 mn 

az 22, 5 

< << 13 

a 
Precipitation Liquor - - -| « 411 0-66 0-00 
Coarse shallow filter effluent - 1-71 0-61 0-13 

Coarse shallow (paper filtered). - — 0-17 = 
Coarse deep filter effluent - —- 1-56 0-50 0-11 

Coarse deep (paper filtered) - _— 0-12 — 
Fjne shallow filter effluent - 0-53 0-20 0-07 

Fine shallow (paper filtered) - none 0-09 a 
Fine deep filter effluent - - 0-78 0-19 0:07 

Fine deep (paper filtered) - - — 0-09 — 


a5 o 
fhe) 
F se | CBee 3 i 2 
So an pao HO ls a ails Ba 
2 Ss 6 B% 35 a3 as a3 
= as an ied oY | og 
Zi ae BB's Be =8 2h °3 
eS a gee oT Oo Fe bs 
= ie) S8a Aus ns ag a> 
s oon Big ee n KS) a 
a ae Ass x a = 
og B 
0-17 5-11 = — 7-26 4-58 78 
2-04 3-77 5-97 3+ 12-3 8-0 259 
== 1-13 0-62 = = = ae 
2-14 4-32 6-63 3+ 13-4 9-3 328 
= 1-08 0-46 a — — sas 
3-61 1-86 2-04 3+ 5-1 2-9 104 
aes 0-73 0-46 = = rae es 
3:27 1-78 2-06 3+ 5-4 3-0 113 
os 0-72 0-41 = ee = ae 





* The third set of 24 hours’ samples, drawn May 5th and 6th, gave figures for dissolved oxygen taken up in 5 days by the paper-filtered sampies 


of effluent which were in each case extraordinarily high, while all the other figures of analysis were in agreement with the first two sets, 


These 


figures were: Coarse shallow, 2:23; Coarse deep, 2-6 + x; Fine shallow, 1-16; Fine deep, 1-20. As no explanation of this discrepancy could be 


found, a fourth set of samples was drawn on May 21st and 22nd, and these gave normal figures in each case. 


omitted, as their inclusion would have given misleading averages. 


In the above table the high figures are 





The figures of analysis given in Table VIII. show that 
the fine shallow filter was again the must efficient of the 
four. Owing to the flush-out of dead growth and other 
suspended matter, the figures for ‘ oxygen absorbed’ and 
other tests affected by solids-are very high in the effluent 





from both the coarse filt»rs. 
now so active that no samples became putrid on incu- 


bation. 


Nitrification was, however 


The appearance of the effluents was satisfactory, 


and they all had a clean earthy smell. 





+ Comparing the liquid portion of the effluent with the whole precipitation liquor (liquid and solid tozether). 
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EXPERIMENT VII. | EXPERIMENT VIII. 


Precipitation Liquor (strength 55) filtered at 150 gallons per cube 


Precipitation Liquor (strength 62) filtered at 434 gallons per cube Saydion All our Alte, 


yard on all four filters. 








Effluent without Suspended Whole Effluent, including 


; : Effluent, without Suspended 
Whole Effluent, including 2 Solids. 





Suspended Solids. Solids. Suspended Solids. 
a tet eee tS Me Rn 
Units of Units of Units of Units of 
Strength | Purifica- Per- Strength | Purifica- Per- Strength | Purifica- Per- Strength | Purifica- Per- 
or tion centage or tion centage or tion centage or tion centage 
Oxidisa- effected Purifica- Oxidisa- effected Purifica- | Oxidisa- effected Purifica- Oxidisa- effected Purifica- 
bility of | by 1 cube tion. bility of | by 1 cube tion. bility of |”by 1 cube tion, bility of | by 1 cube tion. 
Effluent. | yard of Effluent. | yard of : Effluent. | yard of Effluent. | yard of 
filter, filter. filter. filter. 
Coarse shallow 26-1 15,540 58 16:5 _ 19,720 74 23-1 4,792 58 3-1 7,786 94 
ter. 
Coarse deep 22-6 17,060 63 15:7 20,060 75 23-7 4,697 57 7 7,998 97 
titer. 
Fine shallow 20-6 17,940 67 12-1 21,640 81 -0:9 8,379 102 —7:6 9,394 114 
filter. : 
Fine deep 21-4 17,580 65 14-6 20,550 76 —1-4 8,948 98 —5*5 9,075 110 
filter. 











The above table is a summary of the work done by 
the filters* in Experiments VII. and VIIL, in which the 
chief points of interest are :-— 

(1) A cube yard of coarse material effects practically 
the same amount of purification whether it forms part 
of a deep or a shallow filter, when both the liquid and 
suspended solids of the effluent are considered: the 
same thing is true when the liquid portions of the 
effluents, without suspended solids, are compared. 
Further, this statement applies both to filters worked at 
their greatest or rather beyond their greatest capacity, 
as in Experiment VIL, as well as to filters working well 
within their limits, as in Experiment VIII. The small 
difference in efficiency is usually in favour of the deep 
filter. These Dorking experiments, in which the 
distribution was much more uniform, are thus in 
cages with the earlier experiments at Horfield and 

ord. 

(2) A cube yard of fine material will effect a little 
more purification when arranged in the form of a 
shallow rather than of a deep filter. This holds both for 
maximum and moderate rates of flow, but the advantage 
of the shallow filter is only about 5 per cent. at most. 
Still, it is certain that with sewage liquors containing 
more suspended matter than the liquor used in these 
experiments, this difference would be accentuated in 
favour of the shallow filter. 

(3) For the reasons explained in Part IV. of this 
report, it was expected that in Experiment VIII. the 
coarse material would effect a purification of 100 per 
cent., calculated on the effluent without suspended 
solids. The purifications actually effected by the deep 
and shallow filters were 97 and 94 per cent. respectively. 
The flush out of growth and other retained suspended 
matter having lowered the times of contact, the 

urifications are consequently rather below the normal. 

n the case of the fine material the agreement is good ; 
100 + 13 per cent. was expected and 100+ 10 and 
100 + 14 per cent. purification were actually effected. 


Summary or Concwustons. 


The chief conclusions to be drawn from these experi- 
ments are as follows :— 


(1) Given adequate aeration, the purification effected 
by a percolating filter upon any sewage liquor is mainly 
determined by the average time during which the liquor 
1s In contact with the material. For a liquor of one 











particular strength at a constant temperature, the 
purification is a function of the time of contact. 

(2) It follows from the above that, with a given volume 
of sewage liquor passing through a filter, the deeper the 
filter the better will be the quality of the resulting 
effluent, because the average time of contact increases 
with the depth of the filter. This holds good for both 


coarse and fine material, provided that the preliminary — 


tank treatment is suitable and that the filter shows no 
clogging of the surface. It must be noted that if a filter 
is worked at a low rate of flow, so ag to givea high degree 
of purification, a large increase in the time of contact. 
can only produce a very small improvement in the 
effluent. On the other hand, at high rates of flow the 
benefit of depth is most evident. 

(3) A cube yard of coarse material, 1 to 4 inch, will 
effect practically the same amount of purification on'a 
given volume of sewage liquor, whether it is arranged in 
the form of a deep or of a shallow filter. The deep form 
is to be preferred, because any errors of distribution are 
neutralised more completely and the contact is 
consequently longer. 

‘A cube yard of fine material, $ to $ inch, will effect a 
little more purification when arranged asa shallow 
rather than as a deep filter. In this case the advantage 
is not due to longer contact, for, as with coarse 
material, the time of percolation is greater in the deep 
filter. The explanation is probably to be found in the 
more effective aeration of the fine material ina shallow 
form, while a deep filter cannot utilise its longer contact 
to such advantage. 

(4) The average time of contact afforded by a clean 
filter depends on three factors : (a) the size of the material, 
(6) the nature of its surface, and (c) the rate of filtration. 

The time of contact given by any filter at a constant 
rate of flow will vary considerably with changes in the 
amount of suspended matter held up by the material. 
The effect of this is to increase the time of contact in 
filters of coarse material and so to improve the effluent, 
always provided that the amount of solid so held up is 
not sufficient to choke any portion completely. This 
latter stage was not reached in the Dorking experiments. 
With fine material the time of contact is reduced at a 
much earlier stage than with coarse material, for at the 
end of Experiment III. the time of contact for the fine 
deep filter was less than that given by the coarse deep 
filter at the same rate of flow. In Experiments De aN 
and VI. the size of the material had very little effect on 
the purification. 


eS 


PART IV._THE DESIGN OF PERCOLATING FILTERS. 





Percolating filters have usually been designed more in 
accord with general experience and individual preference 
than on any fixed principle. So many cubic yards of 
filtering material have been provided, and it has sometimes 
been left to the manager responsible for the working of the 
installation to discover, by the method of trial and error 
at what rate of flow the sewage liquor can be treated so 
as to yield a sauisfactory effluent. Such methods may 
lead in many cases either to an insufficiency of filtering 


* Cf, Memorandum on the estimation of the work done by sewage filters . 


this Appendix p. 10, 


material, making the production of a uniformly good 
effluent impossible, or to an unnecessary outlay upon 
the plant. Examples of both these defects could be 
pointed out. It is hoped that what follows will show, 
at any rate in some measure, how such errors of design 
may be avoided in the future. 

The deep and shallow filter experiments described in 
Part III. of this report, have shown that the average 
time taken by the sewage liquor to pass through a 


.» by Dr. McGowan and Mr. Frye ; 
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percolating filter is the essential factor which determines 
the purification effected. In the course of these. ex- 
periments a large number of estimations of “times of 
contact” have been made by the method described on 
page 201. 

A system of general application to the design of 
percolating filter installations, such as will enable the 
designer to produce, within fairly close limits, the puri- 
fying effect required, can now be based upon the 
following data :— . 

Strength of sewage and oxidisability of effluents ; 

Time of contact in percolating filters. 

The strength of the sewage liquor to be treated on 
the filters is expressed in terms of the weight of oxygen 
necessary to completely oxidise 100,000 parts of the liquor. 
This can be determined by direct experiment upon a 
series of representative samples, either by the now well- 
known dilution method of aeration, worked out by Dr. 
Adeney, of fermenting a portion with excess of aerated 
tap water, or by his more rapid method of shaking the 
sample with excess of air. Both these methods however 
take a considerable time to carry out, and in practice the 
method of calculating the oxidi-ability of the liquor from 
its figures of analysis would usually—if not always— 
suffice. This must be regarded as a rapid method of 
arriving at a result only to be obtained directly by a 
somewhat tedious process. 

The strength of the sewage liquors referred to in the 
following pages are all calculated by applying the formule 
given in Dr. McGowan’s memorandum on the strength of 
sewage* to the average figures of analysis. Although 
this method of calculation gives necessarily only an 
approximation to the true value, the results of its 
application are such as to show that it is sufficiently 
accurate for practical purposes. 

In what follows, the purification effected by the 
filters is expressed by the difference between the oxi- 
disability of the effluent without rts suspended solids and 
the strength of the sewage liquor. Thus, ifa tank liquor 
of strength 100, 2¢., one which requires, theoretically, 
100 parts by weight of oxygen for the complete oxi- 
dation of the ammonia and organic matter contained in 


100,009 parts of it, is said to have undergone “80 per 
cent. purification,” it means that 80 parts of atmo- 
spheric oxygen have been taken up and that the effluent 
is still capable of taking up 20 partsmore. The oxidisa- 
bility of the effluent, without its suspended solids, is 
calculated from the formula :— 


(Ammoniacal + Organic Nitrogen) x 4°5- Nitric N. x3. 


The reasons for adopting this formula, as one for 
practical application, are set out in the memorandum 
by Dr. McGowan and Mr. Frye, on ‘“ Work done by 
Filters.”+ In that paper, also, on p. 49, the true theoretical 
formula is indicated. 

The figure given by the above tormula will have a 
negative value if the effluent is well purified, and there- 
fore relatively rich in nitrate. In such cases the figure 
denoting the percentage purification will be greater 
than 100, the excess being a measure of the oxygen 
held in reserve as nitrate. ‘“ Percentage purification,” 
used in this connection, has thus a meaning other than 
that usually understood by this term. 

Only the liquid portion of the effluent is considered 
here, and not the whole effluent containing suspended 
solids, because the latter vary so greatly both in amount 
and in power of absorbing oxygen, even from one filter at 
a constant rate of flow, that it is not possible to make 
satisfactory comparisons, or to predict their effects with 
any certainty. By taking the solids by themselves, it is 
possible to give an approximate estimate of their 
average amount in the efflnent, and also some idea of 
their oxidisability. This point will be referred to again. 


Relation of Time of Contact to Purification. 


The table given below shows the relation between the 
average time of contact and the percentage purification 
effected by the filters in the various experiments. The 
purifications are calculated from the average figures of 
analysis given in the preceding section of this report, and 
are derived from 265 8-hours average samples, or 2,12) 
separate samples of tank liquor and effluents. Each 
figure represents the average value of the work done by 
the filters during periods of 7 to 14 weeks. 





3. 
Ke Te : 9 Rate 7 flow 
0.0 nah in gallons 
Experiment. Hitter. per cube 

yard. 

1 Fine deep. - - - - 46 5 
1 Fine shallow : - - 93 

i. Coarse deep : : - 46°5 
2 Fine deep - - - - 93 
4 Fine deep - - - - 155 
4 Coarse deep - - - - 155 
3 Fine shallow = - - 186 
3 Finedeep {-..-  <« - 124 
1 Coarse shallow - - - 93 
2 Coarse deep- . - - - 93 
5 Coarse deep - - - - 186 
5 Fine deep - - : - 186 
oe Coarse deep - - = ath 124 
2 Coarse shallow - - - 186 
4 Fine shallow ait Fe - 310 
a Fine shallow. - - - 372 
5 Coarse shallow - - - 372 
6 Finedeep -~— - - - 279 
3 Fine shallow - - - 248 
6 Coarse deep - - - 279 
4 Coarse shallow - - - 310 
3 Coarse shallow - - - 248 
6 Fine shallow - - - 558 
6 Coarse shallow - - - 558 


On the other hand, it has to be borne in mind that 
the times of contact represent the state of the filters 
on one day in each experiment, usually at the end of 
the period. This probably accounts for some of the dis- 
crepancies in the table, for one of the striking facts 
brought out by the salt experiments is the gradually 
changing conditions of percolating filters as regards 
time of contact. 

The time of éontact determination suould properly 
have been made in the middle of each section of the 
experiment, or better, two determinations should have 
been done, one at the beginning and one at the end, the 











4 _ 5. 6. 
; Time of Strength r 
sb ieee contact in _ of Leto? 
hours, liquor. 

120 145 61 
119 70 61 
118 5'5 61 
115 63 54 
113 2°6 50 
1il 25 50 
109 3°7 54 
109 at 56 
109 30 61 
109 3°0 54 
107 2°3 56 
105 36 56 
104 48 (2) 56 
103 2°3 54 
109 2°3 50 
98 esas! ta 56 
95 , kd 56 

91 2°4 62 Much ponded. 
91 16 56 
91 1°6 62 
91 09 50 
89 15 56 

74 r3 | 62 Much ponded. 
74 Ld 62 








mean being takenas the correct value. This latter method 
would also have given much valuableinformation on the 
influence of retained suspended matter on the time of 
contact, a point on which we have at present only 
general qualitative observations. The average strength 
of the precipitation liquor used in the experiments 
varied from 50 to 62, this variation of course influencing 
the percentage purification figures. 

The figures given in columns 4 and 5 aboye are 
plotted in Diagram I. When allowance is made for 
changes of season, and for the difficulty of controlling 
such outdoor operations with any delicacy, the results 





* This Appendix, p. 1. 
6225.—App. LV, 


+ This Appendix, p. 10 et seg. 
2E 
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are as regular as could reasonably be expected. This 
curve only applies directly to a sewage liquor of strength 
57, but since the times of contact necessary to effect equal 
purification are approximately proportional to the 
strengths of the liquors,* the times of contact for any 
other strength can be easily calculated. 

The limits of purification for this curve are 70 and 
100 + 20 percent. For a domestic or mainly domestic 
sewage of average strength these extremes are equivalent, 
respectively, to an effluent just putrescible on incubation 
for 5 days and to one of very great purity, in which 
practically the whole of the nitrogen is present as nitrate, 
and which takes up no dissolved oxygen when incubated 
for 5 days at 18° C. 

From the curve in Diagram I it is possible to find the 
time of contact necessary to produce any required purifi- 
cation on the sewage liquor to be treated by the filters. 
But this is of little value unless it is known how the 
proper contact may be given, : 

Now, time of contact in percolating filters depends on 
several factors, of which the most important are the rate 
at which the liquor is passed through the filters and the 
size and nature of the material. The state of the 
material as regards fungoid growth and, especially, the 
amount of solid matter held up in the filter have also 
an important influence on the time of contact. 

The method of distribution is also of importance, 
especially in shallow filters of coarse material, but in 
what follows the liquor is assumed to be evenly distri- 
buted over the surface of the filter, so that every square 
yard receives an equal amount. 

In the Dorking experiments only two sizes of one kind 
of material have been used, viz., 1 to 4 inch and 3 to 
1 inch hard gas clinker. These sizes, however, approx- 
imate to those in use in a large number of existing 
installations of percolating filters, and, as will be seen 
subsequently, these filters give results in close agreement 
with the theory advanced here. 


Relation of Rate of Flow to Time of Contact. 


The values given in columns 3 and 4 of the table on 
page 209 are plotted in Diagram 2, giving curves for each 
of the two grades of clinker. These curves represent a 
purely physical relation, viz., the average time taken by a 
particle of water to pass through the different filters at 
various rates of flow. They are thus quite independent 
of the strength of the liquor. 

The figures show that the depth of the filters has 
practically no influence on time of contact when they 
are worked at equal rates of flow percube yard. The 
following pairs of observations illustrate this :— 

Rate of filtration in Time of 


Filter. gallons per cube yard. contact in hours. 
Coarse shallow - 93 30 
Coarse deep - 93 30 
Fine shallow - 93 70 
Fine deep - 93 63 
Coarse shallow - 183 2°3 
Coarse deep = 186 2°38 
Fine shallow - 186 37 
Fine deep - 186 3°6 


In all the above pairs of observations, the time of ° 


contact for the deep filters was determined at a later 
date than that for the shallow filters. As the state of 
the material may have changed in the intervals, these 
results are not strictly comparable. It is, however, prob- 
able that if two filters of similar material in the samestate, 
one deepand the other shallow, were tested simultaneously 
at equal rates of flow per cube yard, the deep filter would 
show a slightly longer time of contact than the shallow, 
because any errors in distribution have less effect on the 
former.t 

A salt experiment was made on January 7th, 1909, 
with all four filters working at the same rate of 434 
gallons per cube yard. They had rested for five weeks, 
and the material of the fine filters had been dug over 
several times, 

The times of contact found in this case were :-— 


Time of 


Filter. contact in hours. 
Coarse shallow i). 2«t. bret: Son eaters lll 
Coarse deep - - - : = = 1°25 
Fine shallow - - - - - = 1:95 
Fine deep - - - - - - 2°14 


These results are in agreement with the view expressed 
above. ‘The four filters had all received the same amount 


of sewage siuce they were re-constructed 18 months 
before. 


The amount of suspended matter held up by the 
material has a marked influence on the time of contact, 
especially with fine grades of } inch and under. With 
coarse material the effect of this retained solid is to 
increase the time of contact, from that given by new 
material, up to a certain point, determined by the 
season and the rate of flow, at which a balance seems to 
be reached, the solids passing out as rapidly as they 
enter the filter. 

With fine material, on the other hand,. the time of 
contact is seduced by the retention of suspended matter, 
as will be clearly seen on referring to the curves in 
Diagram 2. Here: the dotted line shows the results 
obtained from the 4 to 4 in. clinker, when this had been 
at work long enough for the interstitial spaces to become 
more or less choked. Under such conditions the liquor 
is forced to travel at unequal rates through the medium, 
as certain parts become waterlogged. 

It will be seen that the time of contact is gradually 
reduced, so that at a rate of 550 gallons per cube yard it 
is no longer than that afforded by the coarse material 
at the same rate of flow. 

This effect is of some importance, for it means that 
under certain conditions the working of mature filters 
is independent of the size of material of which they 
are constructed. There wasno breaking down of the 
fine material, which was all prepared by hand from the 
hardest clinker and is still in perfect condition. 

In order to compare the results obtained at various 
Ns where fine material is in practical use, with the 

orking results, the curve for this grade hasbeen assumed 
to run parallel to that for coarse material, but no estima- 
tions of time of contact have been made on clean or almost 
clean material at rates above 200 gallons per cube yard. 

The. experiment referred to above, at 434 gallons 
per cube yard for all four filters, illustrates the effect of 
rest very strikingly. After the fine filters had been idle 
for five weeks and had been dug over several times, 
the time of contact. increased again to nearly double its 
former value, z.¢., it was 2°0 hours instead of the 
theoretical time of 2°5 hours for clean material. On 
the other hand, the time of contact for the coarse filters, 
which were not dug over, agreed very closely with the 
curve previously drawn, which shows 1°2 hours as the 
theoretical time. 


Having disposed of the necessary preliminary details, — 


the main question may now be stated as follows : 

Given a sewage liquor of any kind that does not 
contain large quantities of trade waste, which is to be 
converted into an effluent of a certain purity, by treat- 
ment on percolating filters of any type and grade of 
material, at what rate in gallons per cube yard per day 
must the liquor be passed through the filter ? 

(1) The strength of the liquor to be treated must 
first be calculated from several thoroughly representa- 
tive analyses, using the following formula :— 


.< , f Oxygen absorbed ) _ 6°5t 
(Am. N..+ Org. N.) x4°5 + { apna X 6-05 

The analysis from which the calculation is made 
should be the average of several 24 hours samples, and 
if the extreme dry weather figures are available, they 
will be of value. 

(2) The quality of the effluent it is desired to produce 
has then to be decided. This is expressed by the 
“percentage purification ” to be effected on the liquid 
portion of the efflnent, allowing credit for the oxygen 
contained as nitrate. ae 

For the reasons already given, the suspended matter 
in the effluent is not considered in this calculation, but 
it may be taken as broadly true that the amount of 
solid in the sewage liquor will determine the amount 
in the effluent and that in this respect the method of 
filtration is of small importance, at least in all cases 
where the filters run continuously and no periodic 
washing of the material has to be carried out. 

Effluents may be divided here into three classes :— 

I. Effluents showing over 100 + 10 per cent. puri- 
fication. Such effluents have practically all their 
nitrogen oxidised to nitrate, and retain 90 per cent. of 
their dissolved oxygen after 5 days incubation at 18° C. 

Il. Effluents showing from 90 to 100 + 10 per cent. 
purification. Effluents of this kind are what are ordin- 
arily classed as “very fair to very good.” The ratio of 
oxidised to unoxidised nitrogen varies from 1:1 to 3:1, 
and the dissolved oxygen taken up in 5 days from 10 
to 0°5 part per 100,000. No effluents of this class gave 
rise to objectionable growth in the Dorking channel 
experiments. 3 


* Cf. Memorandum on “ Estimation of the Work done by Sewage Filters * * * ”; this Appendix. 


+ See Ilford Experiments (oc. cit.) 


t 6°5 for sewages and septic tank liquors. 


§ 6°0 for precipitation liquors. 
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Diacram N° 2. 
SHOWING RELATION OF TIME OF CONTACT TO RATE OF FILTRATION. 
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ITI. Effluents showing from 70 to 90 per cent. purifi- 


cation. These are usually termed “poor to fair” ; 
while generally non-putrescible in five days, they are 
imperfectly purified, and would not be suitable for dis- 
charge into streams where a high class effluent was 
necessary. Effluents of this class encouraged grey 
fungus during the winter months in the channels along 
which they flowed at Dorking. 

(3) Having fixed the class of effluent required, the time 
of contact necessary to effect this purification on a 
liquor of strength 57 can be read off from the curve in 
Diagram 1. By simple proportion the time of contact for 
the liquor to be treated can then be found. 

(4) It only remains to find the proper rate of filtration 
in gallons per cube yard per day, from curves similar to 
those in Diagram 2, which relate to 1 to 4 inch and }to 
4 inch clinker. 

Two examples, taken from the records of the working 
of the percolating filters at different places, will make 
the method clear. 

Example 1. 

A septic tank liquor is to be treated on percolatin 
filters of coarse clinker. The effluent is to show 90 per 
cent. purification on its liquid portion. At what rate 
of flow must the liquor be treated ? 

The average figures of analysis are given as 


Ammoniacal nitrogen - - - - 5°03 
Organic nitrogen -  - - - = oa4 
“ Oxygen absorbed ” in 4 hours ray f 


Applying the formula given on page 210 :— 
(5°03 + 3°34) x 45 + 8°67 x 65 = 94°01. 

The time of contact necessary to effect 90% purifica- 
tion on a liquor of strength 57 is 1°5 hours, as given by 
the curve in Diagram 1. 

For a liquor of strength 94 the time will therefore be 

15 x 94 
57 

From the curve for coarse material in Diagram 2, the 
rate at which the liquor must be filtered to give 2°4 
hours contact is 130 gallons per cube yard per day. 


= 2°4 hours, 


Example 2. 
A very good precipitation liquor, containing only 2 to 


3 parts per 100,000 of suspended matter, is required to’ 
yield an effluent showing 100% purification after filtra- 
tion through material, graduated from very fine (sand) 
to coarse. ‘The strength of the liquor is 50. At what 
rate per cube yard must the liquor be treated ? 

From Diagram 1, 100% purification required 2°4 
hours for strength 57. 

.*. Contact for strength 50 = a 

If the curve for fine material in Diagram 2 is taken 
as a guide, it will be seen that the liquor could pass 
through the clean filters at as high a rate as 500 gallons 
per cube yard, and give at least 2°1 hours contact. 

With a material so fine as sand, however good the 
precipitation liquor may be, choking will be rapid at 
such a high rate of flow, and the filter will have to be 
washed at frequent intervals. 

Example 1 is actually the Accrington works filter 
effluent, as given in the tables of analytical results on 
pages 125 and 133 of the Fifth Report of the Com- 
mission. 

The working rate was 140 gallons per cube yard, yield- 
ny v2 % purification on the effluent without suspended 
solids. 

Example 2 represents the method in use at Chorley, 
where the filters effected 100 % purification when worked 
at the rate of 525 gallons per cube yard. 

Although the experiments which suggested this 
method of calculating the rate of filtration suitable in 
different cases were made with precipitation liquor only, 
the table given below shows that all the ordinary types 
of sewage liquor can be dealt with on these lines. Even 
sewages such as those of Leeds and Birmingham, which 
contain large proportions of trade waste, are amenable 
to the method; but in these cases the purification 
effected will generally be lower than with a sewage that 
is mainly domestic. 

The following table* gives the percentage purification 
which the percolating filters at several places ought to 
effect theoretically, if they had originally been designed 
by the “time of contact” method, compared with the 
percentage purification which they actually do effect, 
as shown by the figures of analysis. 


= 2°1 hours. 











Rate of “ ‘ 
Stroneth|  SEbes Filtration Percentage Purification. 
Place. Type of Liquor. of filtering ba eahons Remarks. 
Liquor.| Material. Bas BM 
34 eis (Indicated) Actual. 
Leeds - - - _ = |Crude sewage. 123 | Very coarse. 52 98 96 
at 2 sarveriic - iA x 173 | 2in. to # in. 25 100 + 6 |over100 + 1} Ducat 
Dorking Experimental - | Settled sewage. 80 |2ins.to 4ins.| 120 96 99 filter. 
Accrington Works - - | Septic tank liquor. 94 sagas 140 88 eet) 
Accrington Experimental I. | Septic tank liquor, 85 |2ins.to3ins.t| 100 96 98 
strong. 
3 » | septic tank liquor, 48 se . 200 96 96 
weak, i 
= IT. | Septic tank liquor, 81 re re 100 97 100 + 8 
strong. 
3 7 sae tank liquor, Al a == 100 100 +10; 100+8 
weak. 
~ II. es tank liquor, res s 3 125°— 96 100 + 3 
strong. 
es » | Septic cack liquor, 40 ac m: 250 96 100 + 3 
weak. 
Birmingham - -_ - |Septictankliquor} 113 Coarse. 83 92 92 
Guildford Dl itei ns Me * i, 90 | Over 2 ins. 50 100 +8 | 100+ 10 
Hanley ) Dr. Reid’s experi- m :. us 32 $ inch. 600 100 + 13| 100 + 14 | 1ft. deep. 
x ments on one - - xf 32 del — 409 100 +14; 100+16/,2 , 
3 filter at various = $ is 32 Bs 200 100 +-17| 100+16|3 ,, 
x depths. fons acini 32 c 133 100 + 2G] 100+15 (45 ,, 
Leeds ey t= - aod ae $9; ete 76 | Over 14 ins. 63 100 +6 100 + 1 
Dorking Experimental - |Limedsepticliquor 68 |2ins.to4ins| 211 90 a2 
” ” ”9 ” 62 Vv. 6 9 350 85 86 
aaa Pee X TEC Jery fine to 2 
Chorley Precipitation liquor 50 aa \ 525 100 + 4 100 
Rochdale - - - - 9 ” 39 | Over 14 ins. 157 100 +6 100 + 8 


It will be noticed that the greatest differences between 
tHe indicated and the actual purification occur in the 
experimental filters at Accrington.t These results are 
of special interest, because they illustrate very clearly 


* This table is compiled partly from Dr. Reid’ 


the effect of suspended matter held up in the filters, as 
referred to on page 210. 

The Accrington septic tank liquor contains a large 
amount of suspended solid (14—20 parts per 100,000). 


s evidence (Joc. cit.), from the memorandum on “ Estimation of 


the Work done by Sewage Filters * * * ” in this Appendix, and from the Dorking results. 


t With some piecesup to about 4 inches. 
6225.—App. IV. 


t The Accrington experiments ; this Appendix, p. 52 et seq. 
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In Experiment I. the filters started with clean material, 
and the experiment lasted 14 months. The indicated 
and actual purifications are in close agreement, the filter 
treating strong liquor showing 2 per cent. higher actual 
purification than that indicated. Ou studying the detailed 
analyses of these experiments, it is found that while 
approximately the same total amount of suspended solid 
went on to each filter, considerably more solid came out of 
the filter treating weak liquor,no doubt because of the rate 
of flow being twice as high as on the filter treating strong 
liquor. It follows that when Experiment IL. began, the 
strong liquor filter was giving a longer contact than the 
weak liquor filter, at an equal flow of 100 gallons per 
cube yard on each. The effect of this is seen in the high 
percentage purification of 100+8 per cent., actually 
effected on the strong liquor, instead of the 97 per cent. 
indicated. Durirg this experiment the solids came out 
from both filters et about the same rate, so that the 
state of the filters remained as before. 

In Experiment III. the usual “spring out-fiush” of 
solids occurred, which appears to have brought the 
filters into line again as regards the contacts afforded, 
for the purifications actually effected are now equal, but 
both are 7 per cent. higher than the indicated. This 
difference isa measure of the amount of solid held up in 
the filter after two years’ continuous work. 

While the Dorking experiments on the deep and shallow 
filters were in progress, a highly instructive paper by 
Mr. W. Clifford,* Chemist and Manager at the Wolver- 
hampton Sewage Works, on the time of percolation for 
filter beds, was published, in which he describes various 
laboratory experiments made with small filters 


May, 1909. 


(18 inches in diameter), filled with. various grades 
of different filtering media. The experiments were all 
made with clean material and distilled water; no 
sewage liquid was used; as “‘the difficulties of investi- 
gating the water contents of a working filter bed seemed 
insuperable.” No data for material of over 1} inch grade 
are recorded in the paper, but for fine breeze (3—4 inch) 
the time of percolation, when sprinkled at the rate of 100 
gallons per cube yard per day, is given as about 6 hours, 
On refering to the curve for fine material (1 to } inch 
clinker) in Diagram 2, the time of contact for 100 gallons 
per cube yard is found to be exactly 6 hours. Similarly, 

r. Clifford gives 185 minutes as the time of percolation 
for 200 gallons per cube yard on 3 to } inch clinker ; 
the curve for fine material shows 371 hours for the 
working filters. Under the uniform conditions of the 
laboratory the times of percolation can be determined 
with much greater precision than is possible with filters. 
actually treating sewage in the open, so that this 
agreement is a welcome confirmation of the Dorking 
results. 

The method described in this section of the report is 
an attempt to show how the design of percolating filter in- 
stallations may be made a more exact operation than it is 
at present. The close agreement between the purification 
indicated and that actually obtained at a number of 
places, under varied conditions of working, is evidence 
that the observations on which the methad is based are 
not due to mere coincidence. It encourages the hope 
that by further investigation on similar lines, sewage 
paricien may be standardised to a greater extent than 

as hitherto seemed possible. 
ERIC H. RICHARDS. 





PART V.—RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF SAMPLES OF SEWAGES, 
EFFLUENTS, ETC., COLLECTED AT DORKING SEWAGE WORKS. By Dr. A. C. Houston — 
Section I.—Comparison between settled sewage, precipitation liquor, and septic tank liquor, and the 
effluents from filters treating these liquids, separately. 
Section ll—Comparison between the combined filter efiuent (after settlement) before, and after, pxussing 


through a sand filter. 


Section I1].— Some experiments on the action of chloros (sodium hypochlorite) as regards the sterizisation of 


Jilter effiuents. 


Secrion IV.—Comparison between the effluents from coarse shallow and coarse deep filters ; and fine shallow 
and fine deep jilters, all treating precipitation liquor. 


Section I.—Comparison between settled sewage, precipitation liquor, and septic tank liquor and the effluents 


Srom filters treating these liquids separately. 


The results are given in detail in Tables 1, 2, and 3. 
The chief results may be summarised as follows : 


Average total number of bacteria per c.c.* 


Raw Liquors. 


Settled sewage - - - - 


27,322,222 
Precipitation liquor - -~— - 18,744,444 
Septic tank liquor - - . 17,111,111 





Effluents. 


Effluent from filter treat- 
ing settled sewage. 

Effluent from filter treat- 
ing precipitation liquor. 

Effiuent from filter treat- 
ing septic tank liquor. 


7,398,888 
3,060,000 
2,025,009 





* The individual results varied so greatly that the average figures must be read with discretion. : 
It will be seen that the precipitation and septic tank liquors and their respective effluents contained fewer 


bacteria than the settled sewage and its filter effluent. 


B. Colt results per c.c. 


Raw Liquors. | Effluents- 
Settled Sewage. Variable results but | Variable results but | Effluent from filter treating 
usually one million, usually from 10,000 to settled sewage. ~ 
100,000. 
Precipitation Liquor. Variable results but | Variable’ — results but | Effluent from filter treating 


usually from 100,000 to 
one million. 
Variabie results 


Septic Tank Liquor. 
usually one million. 


usually from 10,000 to 
100,000. 
but | Variable 
usually about 10,009. 


precipitation liquor. 


Effluent from filter treating 
septic tank liquor. 


results but 





The differences between each of the three raw liquors 
aud each of the three filter effluents were not so well 
marked as to call for any special comment. Speaking 


generally, the raw liquors contained -about one million 


and the filter effluents about 10,000 to 100,000 B. coli 
(or coli-like microbes) per c.c. 


B. Enteritidis Sporogenes test per c.c. 


Raw Liquors. 








Settled Sewage. Variable ~ results 
usually about 100. 
Precipitation Liquor, Variable — results 
usually about 10 to 100. 
Septic Tank Liquor. Variable results 


usually about 100, 











but | Variable 

usually about 10. 
but | Variable 
usually about 10. 
but | Variable 


Effluents. 


but | Effluent from filter treating 
settled sewage. 

but | Effluent from filter treating 
precipitation liquor 

results but | Effluent from filter treating 

usually about 10 to 100, septic tank liquor. 


results 


results 


* “On Percolation Beds,” W. Clifford, Proc. Inst. Civil Eng., Vol. 172, ii. 
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The raw liquors yielded about the same results and 
the filter effluents were also fairly comparable. The 
filtration treatment reduced, but not to a very material 
extent, the spores of this anaerobe. 

Dealing with the results collectively :— 

(1) Judging from the foregoing results, precipita- 
tion liquor and septic tank liquor are, on the 
whole, somewhat less impure (bacterio- 
logically) than settled sewage. 

(2) Filters dealing with precipitation liquor and 
septic tank liquor yield possibly slightly 
better results (bacteriologically) than does a 
filter treating settled sewage. But the points 
of difference were so slight ‘as to render it 


Section I].—VJVomparison between the combined filter 
effluent (after settlement) before, and after, passing 
through a sand filter. 








Total number of bacteria 
per ¢.c. 
Effluent lefore sand 2,912,000. 
filtration. 
The same after sand | 108,466 (96% reduction). 
filtration. 


Variable results but usually 


Variableresults but usually 


= 


seemingly a matter of comparative indiffer- 
ence, from the bacteriological point of view, 
which kind of raw liquor a filter bed is 
called upon to treat. That is, so far as can 
be judged by the results shewn in Tables 
1; 2, and 3. 

(3) Although the effluents from the filters dealing 
with settled sewage, precipitation liqnor, and 
septic tank liquor, respectively, were, from 
the point of view of percentage purification, 
considerably less impure than the raw 
liquors, antecedent to treatment, the number 
of bacteria still remaining in the effluents 
was very large. 


The results are given in detail in Table 4. 
The chief results may be summarised as follows :— 





B.  Enteritidis 
test per C¢.c. 


B. Coli test per e.c. Sporogenes 





Variable results but usually 
about 10. 

Variable results but usually 
about 1. 


10,000 to. 100,000. 





about 1,000 to 10,000. 








It will be seen that the sand filtration process reduced 
the number of bacteria 96 per cent. 

The results, therefore, were very satisfactory from the 
point of view of percentage reduction. 

On the other hand, the number of bacteria still 
remaining in the sand-filtered effluent was so great, that 
the liquid could only be regarded as most impure 
bacteriologically. 

Apart from questions of relative cost, sand filtration 
of a sewage effluent compares unfavourably, in my 
opinion, with sterilisation as a final process of bacteri- 
ological purification. 


Section III.—Some experiments on the action of chloros 


(sodium hypochlorite) as regards the sterilisation of 
effluents. 
These experiments were undertaken in confirmation 
of the results obtained some years previously at Hendon, 
described in a separate report in this Appendix. 





Briefly stated, it was found at Dorking that about 
1 part of chloros to 25,000 parts of effluent, acting for 
about ten hours, was sufficient for sterilisation purposes, 
as judged by the absence of B. Coli from 1c.c. of the 
liquid, after treatment. 

I believe, however, that about 1 part of chloros to 
100,000 parts of effluent would suffice for sterilisation 
Ge tag in the case of a sewage effluent of slightly 

etter quality than the Dorking effluent, and one con- 
taining less oxidisable suspended matter. 

In view of the statements contained in my other 
report on sterilisation it app2ars unn2cessary to enter 
into further detail. ; 


Sscrron [V.—Comparison between the effluents from 
coarse shallow, and course deep filters ; and fine shallow, 
and fine deep filters, all treating precipitition liquor. * 

The results are shewn in detail, in Tables 5, 6, 7 
and 8. 

The following isa brief summary of the chief results: 


Average number of Bacteria per c.c. 











Precipitation ee ee ran Effluent from © . Effluent from Effluent from 
Liquor. Filter. Coarse Deep Filter. | Fine Shallow Filter.) Fine Deep Filter. 
6,904,411 857,897 407,015 377,535 58,585 
(3,190,191) (224,669) (108,167) (79,143) (21,439) 











N.B.—The underlined figures refer to the number 
of microbes as counted on gelatine plates on the 38rd 
day at 20-22°C. The figures in brackets refer to the 


number of microbes as counted on Agar plates on the 
2nd day at 37°C. 


B. Enteriditis Sporogenes test per c.c. 





Effluent from 
Coarse Shallow 
Filter. 


Precipitation 
Liquor. 





Variable results, Variable results, 
but usually from about | but usually about 
10 to 100. 10. 


Effluent from 
Coarse Deep Filter. 


Variable results, 
but usually from 
about 1 to 10. 





Effluent from 
Fine Shallow Filter. 


Effluent from 
Fine Deep Filter. 





Variable results, 


Variable results, 
but usually about 
itt 


but usually either 
none (in 1 ¢.¢.) or 1. 








B. Coli test per c.c. 


Effluent from 





Precipitation 
Ligupy: Sonne: eae 
Variable results, 
Variable results, 


usually about 100,000. 10,000, most often 


the latter. 


In summary of these results it is of interest to note - 
(1) That the deep coarse and the deep fine 
filters yielded better results than the shallow 
coarse and the shallow fine filters respectively. 
(2) That the fine filters yielded better results 
than the coarse filters. 
(3) That the shallow fine filter yielded better 
results than the deep coarse filter. 


Effluent from 
Coarse Deep Filter. 


Variable results, 

usually from 1,009 to{ usually from 1,000 to} usually from 1,000 to 

10,000, most often 
the former. 


Effluent from 
Fine Shallow Filter. 


Effiuent from 
Fine Deep Filter. 


Variable results, Variable results, 


usually from about. 


10,000 most often 100 to 1,000. 


1,000 (or less). » 


It would thus appear that, from the bacteriological 
point of view, “fineness” of material is of primary 
importance, but that depth of material (whether fine 
or coarse) has a quite appreciable bearing on the results 
obtained. 


The bacteriological analysis set forth in Tables 1-8 
were most carefully carried out by Miss Hartley. 


*Tho words shallow and deep refe1 to the depth of the filtering material, and the words coarse and fine to the 
size of the material, 
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TABLE 5 


SHOWING THE RESULTS OF A COMPARISON BETWEEN THE EFFLUENTS FROM COARSE SHALLOW AND CoARSE D&EP 
AND Fine SHALLOW AND Fine Deep FILTERS, ALL TREATING PRECIPITATION es 
NuMBER OF BACTERIA PER C.C. GELATINE AT 20° C. 


FILTERS ; 





Precipitation Effluent from | Effluent from| Effluent from | Effluent from 


— : Coarse Coarse Deep | Fine Shallow | Fine Dee 
Liquor. Shallow Filter. Filter. : Filter. Filter. : 
Dorking, July 24th, 1907 - 7,900,000 630,000 210,000 53,000 38,000: 
- x ZOthy ,; - 5,600,000 124,000 62,000 100,000 56,000: 
‘ August 6th, , - 7,400,000 860,000 270,000 340,000 54,000: 
x 12th, ,, -| 11,000,000 710,000 280,000 240,000 170,000. 
ha i 20th, , -| 16,000,000 1,200,000 840,000 410,000 280,000: 
; October 14th, ,, - 14 000,000 1 800,000 320,000 210,000 120,000: 
5 9 17th, 3 - 16,000,000 800,000 410,000 190 000 25,000: 
‘ iy ZAStS «455 - 15,000,000 970,000 110,000 125,000 21,000 
4 4 24th, ,, -| 18,000,000 3 200,000 970,000 650,000 230,000: 
; * 30th, ,, - | 15,000,000 580,000 340,000 212,000 62,000: 
» November lst, ,,. -| 10,000,000 950,000 340,000 690,000 8,000: 
a fe Ath. 3 - 13,000,000 720,000 520,000 82,000 10,600 
5 é "th, ,  - | 19,000,000 3,200,000 950,000 810,000 310,000: 
: i llth, ,, -| 10,000,000 810,000 610,000 230,000 53,000: 
: i 14th, ,, -| 18,000,000 1,490,000 940,000 590,000 204,000 
is B 18th, ,, z 9,300,000 660,000 420,000 490,000 38,000: 
‘ & Zist, 5 -| 12,900,000 1,580,000 2,350,000 1,280,000 98,000 
i s 5th; sae, % 3,000,000 300,000 110,000 480,000 18,000: 
4 28th, 5 -| 14,800,000 510,000 87,000 760,000 4.0,000- 
Be December 2nd, ,, = 8,000,000 220,000 340,000 720,000 48,000: 
é - 5th, 5-1 15,000,000 2,040,000 1,960,000 520,000 148,000: 
: i Oty ok 4,000,000 620,000 530,000 230,000 144,000: 
‘ é 12th, oeees 8,400,000 650,000 510,000 400,000 190,000: 
7 ¥ 16th 5; = 4,200,000 690,000 310,000 580,000 93,000: 
¢ is 19th, - | 18,900,000 2,840,000 1,710,000 2,089,000 296,000: 
z January 6th, 1908. - 4,100,000 610,000 490,000 310,000 57,000 
* z lik 2 ee 1,900,000 120,000 100,000 110,000 41,000: 
é 2 13th, . = 3,300,000 320,000 368,000 92,000 71,000 
: 4 LGth eee seer 4,400,000 310,000 240,000 910,000 223,000 
cy . 20th. 3,600,000 950,000 120,000 180,000 14,000: 
f February 20th, ,, - 6,100,000 460,000 320,000 560,000 95,000 
fi 2 th, i es 3,900,000 420,000 250,000 - ~ 280,000 52,000: 
i i pveh, |. aes 2,200,000 280,000 190,000 320,000 62,000 
i March 2nd, ,, - 2,600,000 270,000 390,000 270,000 77,000 
u be Sth aos tee 4,200,000 200,000 180,000 90,000 59,000: 
z 74 Othe aes 6,000,000 90,000 40,000 35,000 29,000: 
# i 12h 2 1,100,000 260,000 157,000 195,000 12,100 
- ‘ 16the aed 2,300,000 180,000 61,000 165,000 15,000 
Ai 13 isthe. et 1,000,000 213,000 128,000 40,000 19,000. 
fs 2 O56, 6 es 700,090 110,000 36,000 12,000 4,000: 
i ‘ Diephee. os 1,400,000 110,000 82,000 28,800 20,800: 
- 4 0th, ages 4,300,000 450,000 340,000 223.000 109,000 
i April 2nd, ,, - 5,200,000 140,000 70,000 424,000 120,000 
‘ ES ee ee 2,200,000 760,000 204,000 410,000 68,000: 
f % Oth, jes 3,100,000 510,000 185,000 130,000 48,000 
3 i. 13th, 2,800,000 320,000 94,000 280,000 66,000 
ie ‘: ord, ee 6,200,000 240,000 186,000 230,000 45,000 
= i 27th; > —- 2,100,000 140,000 at least 10,000 | at least 10,000 | at least 1 ,000 
(all liquefied). (all liquefied), (all liquefied). 
2 4 30th, ,, -| 13,900,000 220,000 203,000 112,000 135,000 
May) “4th, jeu 3 4,600,000 430,000 260,000 90,000 47,000 
i a 7th, ,  - | ~19,400,000 1,250,000 540,000 267,000 69,000 
be & llth, ,, -| 18,900,000 940,000 440,000 1,560,000 621,000 
“é it 14th, ,, -| 15,300,000 380,000 340,000 85,000 90,000 
Z i 18th, ,, -{ 10,600,000 460,000 280,000 230,000 120,000 
ss x 21st, ,, 2,700,000 410,000 250,000 160,000 112,000 
. June 4th, ,, -| 12,200,000 1,020 000 230,000 360,000 79,000 
: . 9th, S42 7,100,000 3,390,000 270,000 1,080,000 225,000 
_ * 11oh,: oe 9,300,000 1,540,000 230,000 210,000 20,000 
” » 15th, 5. = 11,000,000 1,380,000 580,000 420,000 340,000 
5 os POtE.: - 6,100,000 580,000 330, 000 290, 000 110,000 
» » Rant, see 4,300,000 320,000 at least 260,000} at least 100, 000} at least 100, 000° 
(overrun with (overrun with (overrun with 
liquefiers) liquefiers) liquefiers) 
ee 3 Sot, = - 9,300,000 1,530,000 310,000 130,000 80,000 
é. i both, 4 5 5,300,000 840,000 390,000 300,000 _ at least 100,000 
(overrun with 
liquefiers) 
* July Qnd; ,; - 7,100,000 1,600,000 960,000 360,000 230,000 
ss # Oth, $ - 11,500,000 3,000,000 540,000 410,000 310,000 
di ” 9th, S|» 15,700,000 1,400,000 340,000 260,000 130,000 
" . 13th; 2+ 7,200,000 1,280,000 420,000 440,000 290,000 
zs 4 16th, so ->s 8,900,000 750,000 220,000 No Record 170,000 
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TABLE 6. 


SHOWING THE RESULT OF A COMPARISON BETWEEN THE EXFFLUENTS FROM COARSE SHALLOW AND COARSE 
Derr FILTERS; AND FINE SHALLow AND Fine Deep Finters; Att TREATING PRECIPITATION Liquor. 
NuMBER oF BACTERIA PER C.c. AGAR AT 37° C. CouNTED 2nd Day. 





Effluent from | Effluent from Effluent from | Effluent from 














é. hh a cicaten Coarse Fine Fine 

1quor, Shallow Filter.| Deep Filter. |Shallow Filter.| Deep Filter, 

Dorking, July 24th, 1907 1,490,000 48,000 10,600 1,300 840 
94 He 29th, ,, 1,570,000 47,000 8,800 31,200 2,970 
3 August 6th, ,, 1,100,000 227,000 85,000 25,000 19,600 
if i BOE RES 5,400,000 240,000 38,000 30,000 23,000 
+3 A 20th, ,, 7,600,000 920,000 201,000 17,000 10,060 
¥ October 14th, ,, 6,100,000 880,000 83,000 48,000 10,700 
ms x Pie 5,490,000 320,000 96,000 78,000 12,000 
- Neal oLake 5, 7,400,000 290,000 43,000 56,000 7,100 
% § 24th, ,, 12,600,000 1,800,000 690,000 415,000 40,000 
* ¥ 30th, ,, 9,400,000 140,000 106,000 47,000 29,000 
» November lst, ,, 7,500,000 380,000 150,000 270,000 2,500 
+ : ath, 9,100,000 410,000 250,000 21,000 4,900 
* :, eet, 15,000,000 1,030,000 740,000 460,000 61,000 
4 # ae 8,800,000 470,000 410,000 58,000 36,000 
S 3 14th, ,, 8,600,000 630,000 470,000 109,000 68,000 
* a Peth® «, 5,100,000 300,000 130,000 52,000 11,000 
4 iS Siac, 8,100,000 500,000 1,060,000 680,000 44,000 
2 3 25th, ,, 800,000 90,000 60,000 150,000 9,000 
s 3 28th, ,, 7,200,000 75,000 26,000 "70,000 2,000 
5, December 2nd, _,, 5,900,000 41,000 86,900 251,000 9,000 
4 A Sth, 10,000,000 342,000 263,000 78,000 38,000 
4 i Oth, 2,100,000 50,000 40,000 30,000 10,000 
;, P tothe, 1,700,000 40,000 35,000 65,000 = 20,000 
» » 16th, ,, 1,320,000 62,000 45,000 69,000 4,800 
3) « tothe. 8,400,000 304,000 119,000 103,000 79,000 
Mf January 6th, ,, 1,200,000 220,000 91,000 110,000 32,000 
$i v TO), 710,000 32,000 38,000 50,000 16,000 
: bi 13th, 860,000 23,000 66,000 21,000 19,900 
¥: % 16th, ,, 1,870,000 33,000 29,000 116,000 23,000 
a : 20th, ,, 640,000 98,000 37,000 31,000 4,000 
»».  Hebruary 20th, _,, 3,050,000 116,000 73,000 234,000 19,800 
4 - 24th, ,, 630,000 41,000 21,000 38,000 9,000 
z ‘ hd Mae 710,000 39,000 24,000 35,000 6,400 
“A March 2nd, _,, 630,000 56,000 57,000 41,000 18,200 
% ” 5th, ,, 580,000 30,000 26,000 14,000 8 900 
% a Oth,’ *;, 260,000 18,000 9,000 7,000 1,200 
a : Toth, 132,000 15,000 13,300 14,100. | 1,600 
“a - Ipth, 5. 270,000 23,000 |” 6,200 11,000 1,100 
3% . 19th, ,, 620,000 19,300 12,800 21,000 3,000 
” ” 23rd, , - 80,000 9,000 4,000 7,100 600 
: = Dole rl SS 101,000 15,000 7,700 4,200 2,650 
33 ) pack i03 egal mame 950,000 120,000 108,000 26,700 18,000 
A Moris. 2nd. 4 690,000 67,000 25,000 57,000 34,000 
be - oe ie 4 510,000 102,000 81,000 51,000 32,000 
= : 3 elage 420,000 30,000 22,000 11,000 9,000 
€ 13th; | ,'- “= 530,000 56,000 23,000 52,000 19,000 
i * gard. ea. 440,000 42,000 22,000 19,000 8,600 
i 6 Tithe et 310,000 10,000 4,000 9,000 1,100 
a 8 Sth ers 1,130,000 21,000 19,000 12,000 12,500 
a May 4thie 310,000 25,000 21,000 4,000 3,000 
” 9 ht Peer 3,060,000 95,000 37,000 23,000 4,800 
” » Se tt 1,400,000 53,000 58,000 182,000 34,000 
” ” 14th, ,, - 2,030,000 27,000 32,000 16,000 11,000 
” Y isth 460,000 142,000 97,000 14,000 11,000 
= : Diatow 2 650,000 105,000 28,000 14,000 7,000 
i witeoe 4th i -< 4,850,000 134,000 41,000 37,000 13,000 
” » Sth) ne 2,460,000 466,000 47,000 153,000 49,000 
” 99 ae Bie 2,530,000 128,000 51,000 42,000 15,000 
9 99 dOtbye et Ss 2,610,000 311 000 137,000 42,000 66,000 
ie : [sthee ys 1,220,000 177,000 133,000 21,000 19,000 
” ” 22nd, , - 1,630,000 101,000 63,000 21,030 13,000 
3 » 25th, ,, - 3,570,000 570,000 80,000 48,000 29,000 
” ” 29th, "4° os 1,510,000 402,000 147,000 148,000 135,000 
x Suly 3 oud.) 3 3,870,000 830,000 162,000 132,000 98,000 
» 5 GE ge 3,920,000 250,000 45,000 83,000 32,000 
” 9th, 1,210,000 320,000 45,000 34,000 30,000 
" - S2Eh ened 1,620,000 100,000 39,000 82,000 13,000 
16Gb. yar = 2,930,000 170,000 28,000 No Record 19,000 
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TABLE 7. 


SHOWING THE RESULTS OF A COMPARISON BETWEEN THE EFFLUENT FROM CoARSE SHALLOW AND Coarse 
Deep Finrers ; AND FINE SHALLOW AND Fine DEEP FILTERS ; ALL TREATING PRECIPITATION Liquor. 


B. Enteritides Sporogenes test per c.c. 


Effluent from | Effluent from | Effluent from 





Precipitation Effluent from 





a eune Coarse Coarse Fine Shallow Fine Deep 
quor. | ShallowFilter.| Deep Filter. Filter. Filter. 
Dorking, July 24th, 1907 - 1,000 10 +1 cc. neg. 1 c.c. +1 cc. 
Be 59 a8) ace 1,000 10 neg. 1 ¢.c. +1 c.c. neg. 1 c.c. 
“A August 6th, , - 10 10 +1 ce. +1 ce. neg. 1 c.c. 
f * ASth, <3, an 10 10 +1 Gc. neg. 1 c.c. neg!i"¢.c- 
Ze bs 20th, 5, on 10 10 +1 cc. neg. 1 c.c. neg. 1-c.c. 
"Ogi October 14th, , - 10 10 neg. 1 c.c. neg. 1 c.c. neg. 1 e.c. 
Be ry Lith es ae 10 10 +1 ce. +1 cc. neg. 1 c.c, 
3 ‘5 Z18t; 5): Aa 10 10 +1 ¢.c. neg. 1 ¢.c. neg. 1 c.¢.. 
33 = 24th, 4 - 100 10 +1 Gc, 1 C0. ar AKC.€z 
is - 30th, ,, - 10 +1 c.c. +1 €.€. “FI cc. He iC. Geta 
fe November Ist, ,, - 10 +1 cc. neg. 1 c.c. neg. 1 ¢.c. neg. 1 c.c. 
“ a 4th, i=) 04 10 10 + Lee, + Ce. neg. Ic.c. 
iC ¥ ath, > saa 100 10 10 +1 c.c. +¥ ¢.c. 
. . bith, 765) ns 10 +1 cc. 10 +1 Ce. +k c.c. 
s e id4th, 1 ,,. ar 10 +1 -4.c. +1 cc. +1 ¢.¢., +1 c.c. 
5 a 18th, -°) 55 mes 10 10 10 +1 ce. neg. 1 ¢.c. 
5 s QAst, ~) 4) As 10 sia esC, 10 10 +1 c.c. 
FS * 25th, >). a 10 +1 ce. +1 €x¢. +1 cc. ner. ’t c.c. 
s * 28th, 5, a 10 10 10 +1 ¢.c. neg. tf c.c. 
3 December 2nd, ,, - 100 10 10 +1 ce. neg. 1 c.c. 
ef «9 Sth, ay ot 10 AP it¢.c; +1 ec, 10 neg. 1 c.c. 
5 — Sth. *;, ae 100 10 10 10 +1 ¢c. 
* re 12th)? Ps ee 10 +1 ec. 10 ce neg. 1 ¢:c. 
f ‘ i6th,*), wee 100 10 10 +1 ce. ibd ce. 
os i 19th, -|),, ee 10 +1 ec. +1 ce. +1 ce. neg. 1 c.c. 
is January 6th, ,,. + 10 10 10 10 +1 ce. 
is . 10th, “i ae 10 +1 ¢.c. +1 ee. aed eG: Tt Cc. 
* a a8th, 11,5 ven 10 10 +1 ¢.¢. +1 c.c. neg. 1 c:c. 
3 * 16th, “i, aa 10 +1 ec. “P 1G; 10 Pil €.€. 
ia 20th, tee 100 10 10 10 +1 ce. 
Bs February 20th, .,. - 10 +1 ec. + Le, neg, 1 c.c. neg. 1 c.c. 
4 = 94th, bisy nee 10 1 ¢.e; 10 10 ‘il ¢.c. 
: Hh e7th, t., eee 10 10 ngs. 1 ee. 10 +1 ¢.c. 
a March 2nd, _,, 100 10 10 +1 ce. +1 cc. 
‘ 2 5th, 1908. - 10 10 10 +1 cc. +1 cc. 
ij 5 Sth, ‘5, Ade 10 10 +1 cc. ae) Gee. neg. ‘1 c.c. 
y 3 12th, 2, yee 10 10 + 1 ee 10 rl Ce; 
‘a S 16th,” 4. Ore 10 +1 ce. +1 ¢.¢. +1 ¢.c. 1 cc. 
+ . 19th, pas SS Lne.C: Sills G6. + 1 €e. neg. 1 c.c. neg ML sc.c. 
4 4 Sard," |) 45 ace 10 10 oy 1 Bc. + 1 ee. il .c.c, 
. a 26th .-% .. we +1 cc. 10 nes, 1 2.0. +1 ec. neg.'1 c.c. 
if i Sth, wes pee 100 10 10 10 +1 c.c. 
y Apis. 2nd.) ,; ae 10 10 10 10 +1 c.c. 
*, & Cth e . are 10 10 10 10 10 
‘ 7" Sth. oan 10 10 10 10 +1 cc. 
ie is rth we 100 10 10 10 +1e.c. 
. - eSrd,"h ,, aes +1 c.c. +1 cc. +1 c.c. +1 cc. +1 ce. 
z $5 Orth BAe 10 +1 e.c. +1 €.¢. +1 c.€. neg. 1 c.c. 
ie a Ot to. diss 10 10 +1ce. 10 1-¢.c. 
a May Athol. an +1 ©.c, +1 ec. +1 cc. at ee, +1 cc. 
‘ E ie eae 10 10 10 10 +1 c.c. 
., Lith 1s 100 10 10 10 +1 ec. 
; ‘ 14th §-,. 10 10 +1 ce. 10 +1lee. 
- 2 x8th, | 4a +1 cc. 10 10 10 +1 ce. 
+ 5 Dist, Ri, ae 100 10 10 10 +1 cc. 
4 June th oe 10 10 10 10 +l oe. 
3 =: Sth,< 8 cee 10 10 +1 ce. 10 10 
35 . 11th,” ., gee 100 10 +1 ee. 10 +1 ce, 
» 9 Moth, Ts ace 10 10 10 10 10 
” » 18th,” | ,, ae 10 10 10 10 10 
9 » 22nd; | 5 one 10 10 +1 ce. 10 +1 c.c. 
” 3 25th, 4, .- +1 ce 10 10 +1 cc. +1 ce. 
» * 29th, 4, anc +1. 10 10 10 10 
5 July: 2nd, ff 5, h06 10 10 +1 ce. 10 +1 cc. 
” ” 6th, ” eo Lacie. 10 + Lic.c. +1 cc. +1 ¢.c. 
9 ” 8th, ,, 10 10 10 +1 ce, +1 cc 
» ” 13th, » 10 10 +1 c.c. +1 c.c. “Pl Gxc. 
% ” 16th, ,, +l cc. 10 +lee no record +1 ec. 


























221 


TABLE 8. 


SHOWING THE RESULTS OF A COMPARISON BETWEEN THE EFFLUENTS FROM CoARSE SHALLOW AND Coarse DEEP 
Fitters ; AND Fink SHALLOW AND Fine Deep Finrers, ALL TREATING PreciPITATION Liquor. 


B. Colt test, per c.c. 























—..  . . | Effluent from | Effluent from | Effluent from | Effluent from 
Receipitnsen Oxarac Coarse - Fine Fine 
a ha Shallow Filter.) Deep Filter. | Shallow Filter.| Deep Filter. 

Dorking, July 24th, 1907 - 100,000 10,000 1,000 100 1,000 
s if ie es 100,000 10,000 1,000 10,000 100 
% August. 6th, ,, - 100,000 10,000 1,000 1,000 100 
o ideihieth,) i coAur 100,000 10,000 1,000 1,000 100 
m ee oth... - 100,000 10,000 1,000 1,000 100 
Hf October 14th, ,, - 1,000,000 100,000 1,000 10,000 1,000 
i pe anal Lge Bi beh fe ee 100,000 10,000 1,000 10,000 1,000 
a eo at ED tee Bh) r8d 100,000 10,000 - 1,000 1,000 1,000 
‘ a ae 100,000 10,000 10,000 1,000 100 
z eel Re 100,000 1,000 100 1,000 1,000 
» November lst, ,, - 100,000 10,000 1,000 1,000 100 
x i Ath, % 5958 3:1 Gian «1,00;000 10,000 1,000 10,000 1,000 
cf i Wehr os 1,000,000 10,000 10,000 1,000 1,000 
& Lem ih! fo os 100,000 10,000 10,000 10,000 10,000 
# A ae 100,000 10,000 10,000 1,000 100 
ka Bree oth ee 100,000 10,000 1,000 10,000 1,000 
i id Fists. = 1,000,000 1,000 10,000 1,000 100 
6 OT aS 100,000 1,000 100 1,000 100 
Z ‘ | ae 100,000 1,000 100 1,000 100 
+ December 2nd, ,, - 100,000 10,000 1,000 10,000 1,000 
t, ca Ste tae 100,000 1,000 1,000 1,000 100 
i Ste Yet 100,000 10,000 1,000 1,000 100 
nl . tth fF, ake 10,000 1,000 1,000 100 100 
tf ge) MCR GEh, eRe 100,000 1,000 1,000 1,000 10 
a See ope 1 rer" 100,000 10,000 1,000 10,000 1,000 
ye J anuary 6th, 1908 - 100,000 10,000 10,000 10,000 1,000 
s. ir ToeSy GEh Mitra KEY 100,000 10,000 10,000 10,000 100 
K esa, AGE 100,000 10,000 10.000 1,000 1,000 
‘ ped oxygen, (mee 1,000,000 10,000 1,000 1,000 1,000 
te MEYER GOH SI I 100,000 10,000 1,000 10,000 10,000 
fn February 20th, ,,  - 100,009 10,000 10,000 1,000 1,000 
i ie a 2oath Ee MI 100,000 1,000 10,000 10,000 100 
Sten OF ym me 10,000 10,000 1,000 10,000 1,000 
‘ March 2nd, ,, - 100,000 1,000 10,000 10,000 10,000 
k f UL Niggl Mae 100,000 10,000 10,000 100 100 
i i Shee 4d Ge 10,000 1,000 100 10 10 
‘3 ir aathives, 6K 10,000 1,000 100 10 10 
ke Aan Gthie, page 100,000 1,000 1,000 1,000 100 
. Ben UISth<ciy + 10,000 1,000 1,000 100 100 
% os OSrdei ol 1,000 1,000 100 100 100 
* gee 226th hy. bs 1,000 1,000 100 100 100 
5 peer Both heen 100,000 10,000 10,000 1,000 1,000 
tt Avril Indylsgod ~~ 10,000 1,000 1,000 10,000 1,000 
‘ e 6thy~-, 2s 100,000 10,000 10,000 10,000 10,000 
rs ra 10,000 10,000 1,000 1,000 1,000. 
i ais 13ths pe}, «ts 10,000 1,000 1,000 10,000 1,000 
of Mae e2erd,< \,02 7 10.000 1,000 1,000 1,000 100 
i ameaorth..  x-te)- 100,000 10,000 100 1,000 100 
é ae wS0LL.. ae) 10,000 10,000 10,000 1,000 1,000 
ik May 4th, ,,.8)- 10,000 1,000 1,000 1,000 100 
rf a th ..(6)- 10,000 1,000 1,000 1,000 100: 
Fae a mete thas... > 100,000 10,000 1,000 10,000 1,000 
i‘ we ath, 4, <%- 10,000 1,000 1,000 10,000 1,000 
¥ Oe Ss eee 10,000 1,000 100 1,000 10 
i Mek dist, ,..0)- 10,000 1,000 1,000 1,000 100 
ee A UnOO—- 4th: 155.05 100,000 10,000 10,000 10,000 10,000 
2 J Sthy. Ui) 100,000 10,000 1,000 10,000 10,000 
i Sipe Mihs Ath. 44 1,000,000 10,000 10,000 10,000 1,000 
4 if doch, iyo ts 100,000 100,000 10,000 1,000 1,000 

i wus U8th, vig." 2 100,000 10,000 10,000 1,000 1,000 - 
Pee ead, bia ty 100,000 10,000 1,000: 1,000 1,000 
Y ie: 2 ae 1,000,000 10,000 10,000 1,000 1,000 
“ weigh BOOTH er 100,000 10,000 1,000 100 1,000 
f J clay oat 21s roiay son 1,000,000 - 10,000 10,000 10,000 1,000: 
2 3 6th, Ld thes 100,000 10,000 10,000 10,000 1,000: 
4 ‘. Ot Ob aet 100,000 1,000 10,000 1,000 1,000. 
it id 13ehVOU 2 ob 1,000,000 1,000 1,000 1,000 1,000 
A x 16th; > |, 100,000 1,000 1,000 No Record. 1,000 





A. C. HOUSTON, 


MEMORANDUM ON THE COMPARATIVE TREATMENT OF SEPTIC TANK LIQUOR AND 
PRECIPITATION LIQUOR AT ROCHDALE, BY FILTRATION THROUGH PERCOLATING 
FILTERS OF COARSE MATERIAL, BY DR. G. McGOWAN AND MR. COLIN C. FRYE. 


In the section of Appendix III, to the Fifth Report, 
which deals with sewage treatment at Rochdale, the 
purification of septic tank liquor on the large expert- 
mental filters there is dealt with at some length, both as 
regards the septic liquor itself and the filter effluent 
from it. oan ‘ 

It was subsequently thought that, by utilizing thes 
results, an interesting and instructive comparison might 
be obtained at Rochdale of the treatment by percolating 
filtration of (a) septic tank liquor and (b) precipitation 
liquor, both of them from the same sewage—a sewage 
which contains a large quantity of wool-scouring refuse, 
ete, The Rochdale Corporation having given their con- 
sent to the necessary further work being done, the filters 
were, from August 3rd, 1906, until January 21st, 1909, 
made to treat precipitation instead of septic tank liquor. 


These filters, as well as the Rochdale septic tank liquor 
and the filter effluent from it, have been described in 


Appendix IIL. p. 448 et seg. It need, therefore, only be 
repeated here that the two large experimental filters 
in question are of coarse material and are 9 feet deep, 
and that the liquor is distributed on to them by means 
of revolving sprinklers. 


PERCOLATING FILTRATION 
TANK LIQUOR. 


During the observations on the filtration of septic 
tank liquor, from November, 1902, to Nevember, 1905, 
the filters were treating at rates of 133 and 150 gallons 
per cube yard per day (an average of 141 gallons), with 
the production of excellent and well-oxidized effluents, 
which contained, however, considerable quantities of sus- 
pended solids. 


OF SEPTIC 


The samples of septic tank liquor examined had the 
following average composition, the figures in brackets 
indicating the number of samples in each case.* 


Parts per 100,000. 





Septic Tank Liquor. 





Drawn - aie = oy \° an : 


Ammoniacal Nitrogen - - - - - - - 
Albuminoid Nitrogen - - - - = - 
Total Organic Nitrogen - - - - - - - 
Total Nitrogen (by Kjeldahl) - - - - - - 


“ Oxygen absorbed” from @ permanganate at 27° C. at once - 


“ Oxygen absorbed” from * permanganate at 27° C.in 4 hours 


Chlorine - - - e 2 A : Y 
Solids in Suspension —- = - : fs _ 
Solids by Centrifuge (vols.) - — - - | ene 
Ratio of Solids in Suspension to Centrifuge Solids - 
Calculated “Strength” t = 5 5 <n : 


Three sets of hourly 
Eamples. Seven chance samples. 

Between November, 1902, 
and November, 1905. 


-| May 16th-18th, 1904. 





= 374. } (2) = 
. 0°67 (3) ae 
yee Be os 
: 6°01 | | (3) 440 (6) 
5°38 (3) 512 (7) 
10°92 (3) 10°20 = (7) 
E 41°97 4 (3) 969 (4) 
: 5°30 3) 8°60 (4) 
. 29°0 (3) 36°0 (7) 
é 1:55 (3) 1:56 (4) 
é 68°7 621 


(Taking N=5°0: 


(Taking N=4'4: 
Ox. abs. in 4 hrs.=7°1) 


Ox. abs. in 4 hrs. =6°5) 





Though less uniform in composition than the hourly 
samples, the chance samples of septic liquor were on the 
whole also comparatively even in composition. 


For purposes of comparison, the analysis of the hourly 


just quoted, may also be given here. 


and chance samples of precipitation liquor, drawn during 
the same period as the samples of septic tank liquor, 
At this time all the 
precipitation liquor at Rochdale was treated upon land 
and on contact beds, 


Parts per 100,000. 





Precipitation Liquor. 





Drawn - - - - - - - - - 


Ammoniacal Nitrogen - - 
Albuminoid Nitrogen - - 
Total Organic Nitrogen - - 
Total Nitrogen (by Kjeldahl) - 


“* Oxygen absorbed ” from “g permanganate at 27° CU. at once - 


N wearer 
“Oxygen absorbed” from g permanganate at 27° Cin 4 hours 


Chlorine - - - - - - . - . - 
Solids in suspension = - - - - . . 
Solids by centrifuge (vols.) — - - - - 
Ratio of solids in suspension to centrifuge solids - - 
Caleulated Strength { - - - - - : - 








Three baled ai ae: Four chance samples. 
- May 16th-18th, 1904. Between June, 1903 
and March, 1905. 
- 420°. (3) a 
3 066 = (3) ee 
- 0°94 (3) = 
: 514 (3) 3°48 (3) 
6°40 (3) 4°03 (4) 
1S7. 4 (3) 9°69. (4) 
. 1318 |. {3) . e 
- 780 + (3) — 
< 220 (3) 34:0 (4) 
- 1329 (3) oa 
- 74°0 — 
(Taking N=5'1 





Ox. abs. in 4 hrs. =8'5) 





* The minimum and maximum figures of analysis are to be found in Appendix ITT. 
+ According to the formula :—(Ammon. + Organic N. x 4°5) + (Ox. abs. in 4 hours x 6°5), but allowing for the 


abnormal ratio here between the figures for “‘ oxygen absorbed” at once and in 4 hours. 


taken as being approximately normal. 


A ratio of 1: 35 may be 


t According to the formula:—(Ammon. + Organic N x 4'5) + (Ox. abs. in 4 hrs, x 6°0), but allowing for 


the abnormal ratio here between the figures for “Oxygen absorbed” at once and in 4 hours, 


may be taken as being approximately normal. 


Aratiorot pe. 
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Percolating Filter Effluent from Septic Tank Liquor. 


The average figures of analysis of these filter effluents 
are as follows. Unfortunately, only the hourly samples 


of settled, and not also unsettled sttiont, were examined, 
a “circumstance for which allowance will have to be 
made in subsequent comparisons. 


Parts per 100,000. 


Drawn -  - - - - - 


Ammoniacal Nitrogen - - - - 2 - se 
Albuminoid Nitrogen - — - - - - - - 
Total Organic Nitrogen - - - . - - 
Nitrous Nitrogen 
Nitric Nitrogen - - - 
Total Ni itrogen (by Kjeldahl) - - - - - 
“ Oxygen absorbed ” at. 27° C. at once - - - - 
“ Oxygen absorbed” at 27° C. in 4 hours - - - 
Incubator test (by smell) - 
aa aes Oxygen taken up for water in 24 hours at 
Te": 


Oxygen in solution, hen analysed - - 

Chlorine’ - : 7 - - - - - 

Solids in suspension - - - - - - 

Volatile matter in these solids - - - - - 

Solids by centrifuge (Vols.) - - - - - 

Ratio of solids in suspension to tentrifuge solids - 

Calculated oxidizability* of whole effluent, including | 
the suspended solids and giving credit for the 
nitrate - : 

Calculated oxidizability, excluding suspended moldy 
and giving credit for nitrate - 

Calculated oxidizability, excluding suspended Solids 
and giving no credit for nitrate 





Settled Effluent. 





Unsettled Effluent. 
5 chance samples. 


Settled Effluent. 


Three sets of 8 chance samples. 


hourly samples. 


May 16th-i8th, | Between Nov. 1902} Between Jan. 1903 


1904. and Nov. 1905. and Noy. 1905. 
051 (3) 0:06 (2) 0°06 (2) 
013 (3) 0°09 (2) 010 (2) 
0°50 (3) a 0°25. (2) 
0°02 (3) 070 +(8) 00 (5) 
215 (3) 22  ap.(8) 3°0 ap.(5) 
3°15 (3) 2°68 (2) 
0.50 (3) 0°41 (8) 052 (5) 
168 (3) 1:48 (8) 216 (5) 
o phe 4(8) U+ (7) 4+ (4) 
= 0-28 (6) 0°32 (5) 
-- 0°6 ap.(6) 0°8 ap.(3) 
11°24 (3) 9°02 (4) 8°69 (3) 
22 (3) 45 (3) 74. (4) 
16 (2) 30 (3) 45 (4) 
28°8 (3) 449 (7) 839 (5) 
1:13 (2) 1 +13°4+ uX@) 1:12'4 (4) 
4°3 — — 
O7 — — 
4°5 BE Sas 











These effluents have already been discussed in the 
Rochdale report in Appendix III, and only a few words 
are therefore required here. ‘T'he figures of analysis show 
that the effluents, apart from their suspended solids, 
were of excellent’ quality, at least two-thirds of their 
nitrogen being in the form of nitrate, while they took up 
(even with their solids) only a comparativ ely small 
quantity of dissolved oxygen from water in 24 hours. 
They were of fairly even composition. 


PERCOLATING FILTRATION OF PRECIPI- 
TATION LIQUOR. 


This was begun in August, 1906, and, excepting for a 
short interval of about 18 hours, wken the necessary 
connections were being nade, there was no break between 
the filtration of the septic and the precipitation liquors. 
It may be observed, in passing, that though our first 
samples were not drawn until nearly two months after 
the change was made, the effluent from the filtration of 
precipitation liquor was good from the start. For the 
first two or three days after the change, it was more 





opalescent than usual, but this was the only noticeable 
effect, and it soon passed away ; the effluent had through- 
out a clean earthy smell and it gave no permanent froth 
upon shaking. Itmay therefore be taken that, although 
the immediate effect of the change was to cause # 
temporary reduction in purification, this reduction was 
not sufficient to give rise to a bad effluent, 


The only noticeable change in the appearance of the 
filters themselves was in the slimy covering of the 
uppermost layer of coke. Throughout the filtration 
of the septic tank liquor this had been greyish-black ; 
with the precipitation liquor it took on a reddish- brown 
appearance, no doubt because the latter contained much 
less sulphuretted hydrogen than the septic liquor. At 
no time during the experiments with precipitation liquor 
was there any sign of serious ponding on the surface of 
the filters. 

There were, in all, five experiments on the percolating 
filtration of precipitation liquor, z.e., the liquor was 
filtered at five different rates, as follows :— 




















Number of samples examined. 

= Duration | Rates of Effluent. 

g of filtration in 

: Dates of Experiments. Experi. | Gallons per | Precipi- Settled 

ment cube yard tation and 

fx] (months). |per 24 hours.| Liquor. | Unsettled.| Settled. | filtered” 

through - 
paper. 

A | Aug. 3rd, 1906—June 13th, 1907. 104 133 6 7 7 4 

Al June 14th, 1907—Nov. 6th, 1907. 5 157 2 2 2 2 

B Nov. 7th, 1907—June 4th, 1908. 6 183 9 9 9 9 

C June 5th, 1908—Oct. 15th, 1908. 44 217 8 8 8 8 

D Oct. 16th, 1908—Jan. 21st, 1909. 3 250 7 7 7 7 
Experiment A. August 3rd, 1906—June 13th, 1907. 1907. In this, as in the succeeding experiments, the 


Rate of Filtrution—133 gallons per cube yard per day. 
The samples examined during this experiment were 
eran between September 29th, 1906, and June 12th, 


samples of unsettled effluent correspond with those of 
precipitation liquor, while those of settled effluent corre~ 
spond roughly. 











* Accor ing to the formula :—(Ammon. + Organic N. x 4°5) + (Vol. solids x 2) — (Nitric N. x 3). 
+ In some sets of samples only a partial analysis was made. 


{ “Ap.” = approximately. 
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The following average figures were obtained on analysis — 


Experiment A. 


133 gallons per cube yard. 


Parts per 100,000. 


TTT TTT 


Settled filter effluent. 





ee ee ee RS filter Ritinent after 
ee —— Original effluent. |filtration through 
paper. 
Ammoniacal Nitrogen derbi «Seale itt: 2°24 (5) 0°29 (7) 0'35 (5) 0°37 (2) 
Albuminoid Nitrogen - - - - 0°47 (5) 0°18 (7) 0°14 (5) 0°07 (2) 
Total Organic Nitrogen = - - - - 1°03 (3) 0°45 (4) — 0°16 (1) 
Nitrous Nitrogen - - - = - 0°06 (3) 00 (7) 0:0 (4) 00 (1) 
Nitric Nitrogen- —- - s,s 0°38 (3) 2°02 (7) 2°20 (4) 1°88 (1) 
Total Nitrogen (by Kjeldahl) - - - 3°13) (5) 2°78 (4) 2.99 (4) 2°28 (1) 
“ Oxygen absorbed” at 27° C. at once - 2°13 (6) 45 (7) 0°27.(5) 0°15 (3) 
“ Oxygen absorbed ” at 27° C. in 4 bovr S + 5°28 (6) 2°01 (7) 1°42 (5) 0°60 (4) 
Incubator Test (Scudder) - - - - 5+ (5) 4+ (4) 2+ (2) 
Incubator Test (by smell) - : - - — 6+ (6) 5+ (5) 2+ (2) 
Oxygen in solution when analysed -~— - — 0°75 (3) 0°68 (3) = 
Dissolved Oxygen taken up from water at 
18° .C.. in 24: hoursy*, i= -47 (= ee — — 0°21 (2) “= 
Dissolved Oxygen taken up from water at 
18° C, in 48 hours - - — — — — 
Dissolved Oxygen taken up from afer a 
189\C\'in'S: days -)) 48). - Gee ee 10 2 (4) 1°35 (5) 1°43 (3) 0°41 (3) 
Chlorine - - - - - - - 7°36 (5) 6°93 (7) 6°8U (7) ne 
Solids in Suspension - - - - - 4:0 (6) 62, (7) 43 Uy — 
Volatile matter in those Solids - - - 3°2 16) 4°6 (7) 28 (7) = 
Solids by Centrifuge (vols.) - - 24°9 (6) 100°9 (6) 61°0 (6) — 
Ratio of Solids in suspension to Centrifuge 
Solids - - - - - - - 1:62 (6) 1: 15°8 (6) 1: 14°4 (6) — 
Calculated strength* - - - - : 37°2 — — — 
Taking Ammon. 
+organic N = 3°27 
Nitric N=0°38 
Ox. abs., in 4 hrs. 
= 3°94. 
Calculated oxidizability of whole effluent, 
including the suspended solids and 
giving credit for the nitrate present - — 6°5 — aT 
Calculated oxidizability of effluent, exclud- 
ing suspended solids and giving credit 
for nitrate - - - — — 27 — me 
Calculated oxidizability of oflnenk ex- 
cluding solids and giving no credit for 
nitrate - - - - - - -~ 3°3 _ — 





Hxperiment Al. June 14th—November 6th, 1907. 
Rate of Filtration—157 gallons per cube yard per day. 
Since only two samples each of precipitation liquor 

and of filter effluents were examined during this experi- 


Experiment Al. 


ment, no detailed deductions can be drawn from it, 
especially as the samples of liquor analysed were of 
very different strengths. The filter effluents, however, 
were during this period of the same character as during 
the period of Experiment A. 


157 Gallons per cube yard. Parts per 100,090. 














Settled filter effluent. 
ee - | 3 rrOmoOA _™. 
hE Precipitation | Unsettled filter Effluent after 
liquor. effluent. | Qrjcinal effluent.|ltration through 
paper. 
Ammoniacal Nitrogen 2 . 2 ‘ 3°21 (2) 0°60 (2) 1:00 (1) 0°63 (2) 
Albuminoid Nitrogen 2 : 4 . 041 (2) 0°21 (2) 0°26 (1) 0°08 (2) 
Total Organic Nitrogen’ - : : ee 0°86 (2) 0°38 (2) as 0°26 (2) 
Nitrous Nitrogen = = : Z 4 gs 0°03 (2) oo (1) TS 
Nitric Nitrogen : 3 2 oe 2°13 (2) 1°76 (2) 2°06 (2) 
Total Nitrogen (by Kjeldahl) 3 : 4:0 (2) 3°14 (2) at 2°95 (2) 
* Oxygen absorbed ” at 27° CO. at once : 3°33 (2) O51 (2) oo, O21 (2) 
* Oxygen absorbed” at 27° C. in 4 haus : 7°88 (2) 2°38 (1) — 0°81 (1) 
Incubator test (Scudder) - : ws a 2+ (2) 
Incubator test (by smell) - - : 2 4 oe: — 2+ (2) 
Oxygen in solution when analyéed : 3 at 021 (2) 0°23 (2) — 
Dissolved Oxygen taken up from water at 
18° C. in 24 hours - 3 4 le nay wf rE 
Dissolved Oxygen taken up ftom Ww ae at 
18° C. in 48 hours - : _ an 0°53 (2) = 0°10 (2) 
Dissolved ee ca taken up on water at 
1S? Ge in 5 days - - =. G = 13°8 (1) 1°62 (2) 2 0°35 (2) 
Chlorine 12-01 hapa res tein. Sods 10°05 (2) 8°93 (2) 8°83 (2) 
Solids in suspension - 2 a 86 (2) 43 (2) 31 (2) = 
Volatile matter in those Solids - - : E 72 (2) 38 (2) 28 (2) — 
‘Solids by Centrifuge (vols.) - : 365 (2) 901 (2) 568 (2) nae 
Ratio of Solids in suspension to Centrifuge 
Solids) -.0(2-" .- ager). (6 eR ap eas 1 ero T5 7 (3) 1:183 (2) = 





* Allowing for the abnormal ratio between the figures for “ 





oxygen absorbed” at once and in 4 hours. 
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Experiment B. November 7th, 1907—June 4th, 1908, 
Rate of Filtration—183 gallons per cube yard per day. 

‘ Nine samples each of precipitation liquor and of the 
filter effluents were examined during this experiment. 
The strength of the liquor treated was greater than in 


Experiment A, and there were rather more suspended 
solids in the effluent as it issued from the filters. The 
figures of analysis show that the effluent, apart from its 
solids, though still of good quality, was not of quite such 
high class as that of Experiment A. 


Experiment B. 183 gallons per cube yard. Parts per 100,000. 





Settled filter effluent. 











2 ae Precipitation | Unsettled filter |~ J 2a 
= Mat liquor. effluent. Effluent after 
Original effluent. | filtration through 
paper. 
Ammoniacal Nitrogen - - - = 2°87 (9) 1°19 (9) — 1°24 (9) 
Albuminoid Nitrogen - - - : 0°45 (9) 0°30 (9) _ 0°13 (9) 
Total Organic Nitrogen - - -~ - 0°99 (9) 0°71 (9) a 0°32 (9) 
Nitrous Nitrogen - - - - : 0°01 (9) 0°03 (9) — 0°02 (9) 
Nitric Nitrogen - - - - : 0°14 (9) 1°71 (9) — 1°64 (9) 
Total Nitrogen (by Kjeldahl) - * = 4°02 (9) 3°55 (9) 3°25 (9) 
“* Oxygen absorbed” at 27° C. at once - 2°71 (9) 0°61 (9) — 0°26 (9) 
“Oxygen absorbed ” at 27° C. in 4 hours - 7°76 (9) 2°64 (9) ae 1°04 (9) 
Incubator Test (Scudder) - 3 = - — 7 + 2-(9) a 6 + 1 — (7) 
Incubator test (by smell) - S 3 : — 9 + (9) — 7 + (7) 
Oxygen in solution when analyzed - - — 0°54 (9) 0°63 (9) — 
Dissolved Oxygen taken up from water in 
Q4hours,at 18°C. -— - “) hie — = _ - 
Dissolved Oxygen taken up from water in 
48 hours at 18°C. - ee - — 1°26 (9) — 0°29 (9) 
Dissolved Oxygen taken up from water in 
Mae Ca 131 (4) 4°57 (9) = 1°33 (9) 
Chlorine - |. - - - - - - 8°79 (9) 8°06 (9) — 8°11 (9) 
Solids in suspension - " - e 73 (9) 8°2 (9) 4°6 (9) —_— 
Volatile matter in those Solids rad eo 5°8 (9) 59 (8) 3'3 (9) — 
Solids by Centrifuge (vols.) —- = 4s 21°4 (9) 145°5 (9) 74°2 (9) 
Ratio of Solids in suspension to Centrifuge 
Solids ie ec ae gh. lvl aden 2D 9) 1: 17°6 (8) 1: 162 (9) 
Calculated Strength* é = = * 54'8 “= — — 
Taking Ammon. 
+organicN = 3°86 
Nitric N=0°14 
Ox. abs., in 4 hrs. 
=6°31 
Calculated oxidizability of whole effluent, 
including the suspended solids and : 
giving credit for the nitrate present - — 15°2 -- — 
Calculated oxidizability of effluent, ex- 
cluding suspended solids and giving 
credit for nitrate - - - - _ 3°4 — Val 
Calculated oxidizability of effluent, ex- 
cluding solids and giving no credit 
for nitrate - - - - - - — 8°6 — 70 


*Cf. Note f, p. 222. 


Experiment C. June 5th—October 15th, 1908. Rate of 
Filtration—217 gallons per cube yard per day. 
Eight samples each of precipitation liquor and of 
effluents were examined in this case, the liquor being 
stronger than it was during Experiment A, but not quite 
so strong as during Experiment B. The effluentissuing 








from the filters contained rather less suspended solids 
than the corresponding effluent of B, this being no doubt 
due to the fact that the spring out-flush of solids from 
the filter was over before this experiment began, 
though we made no actual observations on that point ; 
the liquid portion of the effluent was also better 
oxidized. 


Experiment C. 217 gallons per cube yard. Parts per 100,000. 








Settled filter effluent. 
Precipitation | Unsettled filter |- ; 
liquor. effluent. Effluent after 
Original effluent. | filtration through 
paper. 

Ammoniacal Nitrogen - - - - 3°18 (8) 1°03 (8) — 1°05 (8) 
Albuminoid Nitrogen- - - - - 0°44 (8) 0°24 (8) — 0°11 (8) 
Total Organic Nitrogen - - - - 0°92 (8) 0°48 (8) — 0°25 (6) 
Nitrous Nitrogen - - - : — 0°06 (8) — 0°05 (8 
Nitric Nitrogen - - - g - — 1°78 (8) oo 1°83 tes 
Total Nitrogen (by Kjeldahl) - - - 4°11 (8) 3°35 (7) 3°19 (8) 
“ Oxygen absorbed” at 27°C at once - - 3°16 (8) 0°59 (8) — 0°26 (8) 
“ Oxygen absorbed” at 27°C. in 4 howrs - 7°40 (8) 2°29 (8) = 1°01 (8) 
Incubator Test (Scudder) - = = 2 = 6+ (6) — 7+ (7) 
Incubator Test (by smell) - - -~ - — 6+ (6) — yi ep) 
Oxygen in solution when analysed - - — 0°25 (7) 0°31 (8) — 
Dissolved Oxygen taken up from water at 

18°C. in 24 hours - : - 2 = — — — = 
Dissolved Oxygen taken up from water at 

18°C. in 48 hours - - - 2 =|, — 1°27 (8) — 0°17 (8) 


. 
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Experiment C. 217 gallons per cube yard. Parts per 10,000.—continued. 





Leena eee ea aaa ea 


Dissolved Oxygen taken up from water at 

18°C. in 5 days - : - - - 
Chlorine - -" - 
Solids in suspension - a taiee - - 
Volatile matter in those Solids - . - 
Solids by Centrifuge (vols.) - = ae, 
Ratio of Solids in suspension to Centrifuge 

Solids-  - - - : E 2 
Calculated Strength* - z : : c 


Calculated oxidizability of whole effluent, 
including the suspended solids and 
giving credit for the nitrate present - 

Caleulated oxidizability of effluent, ex- 
cluding suspended solids and giving 
credit for nitrate- - - - - 

Calculated oxidizability of effluent, ex- 
cluding solids and giving no credit for 
nitrate- - - - - - - 





* Cf, Note tf p. 222. 


Experiment D. October 16th, 1908—January 21st, 1909. 
Rate of Filtration—250 gallons per cube yard per day. 


Seven samples each of precipitation liquor and of 
effluents were examined during this experiment, ‘which 
—-it will-be noted—took place during the colder months 


Precipitation 
liquor. 


10°23 (8) 
8°3 (8) 
6°4 (8) 

24°8 (8) 


1 : 3°0 (8) 
50°3 
‘Taking Ammon. 


+organic N =4°10| » 


Ox. abs., in 4 hrs. 
TU 





Unsettled filter 


effluent. 


. 3°44 (7) 
9°87 (8) 
7°2 (8) 
53 (8) 
121°6 (8) 


1 :17°0 (8) 


12°1 
15 


6°8 





Settled filter effluent. 


— 


Original effluent.|filtration through 


9°69 (8) 
4:0 (8) 
TOT) 
63°1 (8) 


1: 16°0 (8) 





Experiment D. 250 gallons per cube yard. Parts per 100,000. 


Ammoniacal Nitrogen - : - - | 


Albuminoid Nitrogen - 5 - 
Total Organic Nitrogen - : - - 
Nitrous Nitrogen - - - 7 - 
Nitric Nitrogen - - : - s * 
Total Nitrogen (by Kjeldahl) - - = 
“ Oxygen absorbed” at 27° C. at once - 
“Oxygen absorbed” at 27° C. in 4 hours - 


Incubator test (Scudder) - = - -~— - 


Incubator test (by smell) - uh 4s " 


Oxygen in solution when analysed - - 
Dissolved Oxygen taken up from water at 

18° C. in 24 hours - - - - 
Dissolved Oxygen taken up from water at 

18° C. in 48 hours - - - - 
Dissolved Oxygen taken up from water at 

18° C.in 5 days - - - - = 
Chlorine - - - - - - : 
Solids in suspension - = - - - 
Volatile matter in those Solids - > . 
Solids by Centrifuge (vols.) - - - 
Ratio of Solids in suspension to Centri- 

fuge Solids - - - - - - 
Calculated strength* - - - . - 


Calculated oxidizability of whole effluent, 
including the suspended Solids and 
giving credit for the nitrate present 

Calculated oxidizability of effluent, exclud- 
ing suspended Solids and giving credit 
for nitrate - - . - - - 

Calculated oxidizability of effluent, exclud- 
ing Solids and giving no credit for 
nitrate HA is e - - = 





Precipitation 
liquor. 


2°92 (7) 
0°47 (7) 
0°99 (7) 
00 (2) 
0°42 (2) 
4°10 (7) 
2°65 (7) 
7:74 (7) 


Taking Ammon. 
+org. N=3'91 
Ox. abs. in 4 hours 
== iO 








Unsettled filter 


——_@— 


— 


effluent. 


1°79 (7) 
0°36 (7) 
0°81 (5) 
0°05 (7) 
1°14 (7) 
3°68 (7) 
0°86 (7) 

(3°38 07) 


Det 

lt 
Dice ys 
Sibir ea 
0:30 (7) 


LS 
bo 
oO 
~J] 
wa 


on 


QOS 
— co b> b&b 
“-_- ON PO PR = 


— 
ie 


—_ 
ou 
cos | 
WV 


| 


22°1 
8°3 


17 


~I -~J ~7I -1 ~J 
V— SS So 


Original effluent. 








Effluent after 


Sopaperc os - 


0°4 


5°9 


of the year. The liquor treated was of about the same 
strength as in Experiment B, and slightly stronger than 
in Experiment C. The solids in the effluent as if came 
from the filter had now increased appreciably, and the 
liquid portion of the effluent was not quite so well 
oxidized as in Experiment C, though it was still good. 


Settled filter effluent. 
a OO 
Effluent after > 


filtration through 
paper. 


1°68 (7 
0°15 (7) 
0°49 (7) 
0°04 (7) 
1°22 (7) 
3°43 (7) 
0°37 (7) 
1:40 (7) 


6+ (6) 
6+ (6) 


0°30 (7) 
0°78 (7) 


61 


—69°8 





* Cf. Note f, p. 229. 


The Nitric Nitrogen has not been taken into account here. 
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Summary of Results. 


All the foregoing filtration results (except those of 
Experiment A,, where the data are few) are summarised 


approximately in the appended Table, which is on 
exactly the same lines as Table IL. in the Memorandum 
on Work Done by Sewage Filters. (This appendix, p. 30.) 












































Da ee ae Se oe D. Hi he i Beuje Gel G;. 
o |. Filter Effluent. (Strength or Oxidi-| 2 e 3 o NE ASS ; : 
= Figures of Analysis. zability of Filter | & = = ~ Percentage Purification. 
car | filuent. Ce fb ae | -O- | @ 
Sire @ Ne ae ee = yy Peta t |S Ss Shane, 
Se Ge pu (4) (6) pe eae gore se ean ae s CS le BHR as 
5 | 8 ag 0o- |S |B |enlut | $5] 88/84 /Ses (Bes secs 
= | ie 55 eee! ee S8/S5|/ ee |S | Ro iRen |Rodsar 2a 
1's “is B2/8 |8s8}False)as} 188 Se 56 seks Sea 
(c) = tact re oh ee le) ea taetes [vm afe Bete Bs (urns ells meng | Sled 
eis oI sa bs Shp oR Pee |g oF loPe@ioPaslewaa 
a0 I Ap | Dia S| ao | oe mi © LS AG ols. G odo _ os 
an Fa o.5 ; 7, for Sim ef Rx ag Ros Os BP Arla a A, 
a S a peta | ry B33 3 BE 3 N as oD» O22 Sa gunl|or a 
E/f/ 3183181838 | oh) sel a8 iss | SS EP] as ese teee clsaee 
Peles eel o las 1a ae Se | ae | eee ee eel 2 co 215 85 2 
e|/ot’as | s AE I a ake 26H |epiooSiag | ce igaodisacs,ges 
oo a ee qe Ee E ee =| 2/5229 la eect 5 gs arPaslTigeseéisssr 
Ses ) ox} 2, Fa | as eo = are! os 2 ad Bee Sa ser lk awd 
meow coke pcenk See Scke 5) oy (Le inl @ 7S Pee | OS Se 
0 Ee Oe ee yes ee) 3 V2 | 20 = » sj aa laa 5 Se Sur BS 
Bee ton Oot 4 ee ie ee dae PO Oe 8 OT 8 els 3 8 
eorjpis (es ee spe 1a fo |o fee eae Sel5qc 
eptsc Tank Liquor and 
Settled Filter Effluent. 
(Hourly samples.) 
May 16th,17th, and 18th, 
1904 - - - te 6877 {1°01} 1°6} 1°68 [2°15] 4°3 O°'7 4°5 | 644 150 |10,305 | 9,660; 94 99 93 84 
1 chance samples septic 
liquor and 8 chance 
samples settled effluent, 
Nov., 1902—Nov., 1905 |62°1 
Precipitation Liquor. 
(Hourly samples.) 
May 16th, 17th and 18th, 
Of. + - ~~ 1740 
Precipitation Liquor and 
Unsettled Filter Effluent. 
ixperiment A—(Aug. 3rd, 
1906—June 13th, 1907) |37°2|0°74 4°6| 2°01 2°02} 6°5 |—2°7 3°3 | 30°7 133 | 4,948 4,083] 83 107 91 62 
ixperiment B—(Nov. 7th, 
1907—Jan. 4th, 1908) - |54°8|1°90| 5°9| 2°64 [1°71] 15°2 374 8°6 | 39°6 183 |10,028 | 7,039) 72 94 84 66 
ixperiment C—(June 5th, 
1908—Oct. 15th, 1908)- |50°3 |1°51 | 5°3| 2°29 |1°78| 1271 15 68 | 38°2 217 °|10,915 | 8,289|. 76 Oy 86 69 
ixperiment D—(Oct.16th, 
1908- Jan. 21st, 1909) - |55°8 2°60] 6°9| 3°33 |1°14| 2271 8°3 | 117 | 33°7 250 113,950 | 8,425] 60 85 80 57 























Tt is not possible to make an exact comparison between 
the work actually done by the filters when treating septic 
liquor and precipitation liquor, respectively, because— 
(1) Only the hourly samples of the settled filter effluent 
(and not of the unsettled) from the septic tank liquor 
were examined ; (2) the chance samples of filter effluent, 
(settled and unsettled) from the septic tank liquor were 
only partially analysed. 


Still, it will be possible to make a fairly accurate 
comparison. 


As seen in the above Table, both the hourly and chance 
samples of septic tank liquor (1904 and 1902-5) and the 
hourly sampies of precipitation liquor (1904) were 
stronger than the chance samples of precipitation liquor 
of Experiments B, C and D, and very much stronger 
than the precipitation liquor of Experiment A. At the 
time when the hourly samples of septic liquor were 
drawn, the filters were treating 150 gallons per cube yard. 
These 150 gallons contained aggregate oxidizable matter 
equivalent to 10,305 units, as against 10,028 units in the 


precipitation liquor of Experiment B (at 183 gallons per 
cube yard), and 10,915 units in the liquor of Experiment 
C (at 217 gallons per cube yard). So far, therefore, as 

~hourly samples, drawn over three consecutive days, can 
be compared with chance samples drawn over periods of 
six and four and a half months, the filters were receiving 
during these three periods much the same quantities of 
oxidizable matter, and the filter effluents ought therefore 
to be fairly comparable with one another. 


It has been shown in the Accrington experiments, 
where septic liquor alone was treated (p. 72), that 
within ordinary limits of strength of liquor treated, the 
purification effected per cube yard of filtering material 
was much the same, whether the filter was treating one 
volume of strong liquor or two volumes of the same 


liquor, diluted with water to half the original strength, © 


at rates inversely proportional to the strengths. 


Taking a few of the chief figures of analysis of the 
effluents in question, we have :— 


Parts per 100,000. 








effluent from septic 


(Hourly samples.) 


Settled filter Unsettled filter effluent from :— 





Precipitation liquor. 


tank liquor. f 
Experiment B. 


Experiment C. 








Ammcniacal nitrogen - 2 - $ 3 * : 
Total Organic Nitrogen — - - - 2 - : 
Oxidized Nitrogen — - - - - $ 2 
‘““Oxygen absorbed” in 4 hours. - ‘ . 
Solids in suspension — - - - - - - - 
Calculated oxidizability :—, 











Precipitation liquor. 








0°51 119 1°03 
0°50 O71 0°48 
Ded, 174 1°84 
- - 1°68 2°64 2°29 
22 8°2 ae, 
(2) of whole effluent - — - : - | 4°3 15°2 12°] 
- (6) of effluent without solids = - . om O'7 34 15 
(c) of effluent without solids and nitrate. _ - 4°5 | 8°6 68 
BAG se 
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The comparatively high figures for organic nitrogen 
and for “oxygen absorbed ” in four hours are largely due 
to the suspended solids in _the effluents, as 1s seen by 


referring to the analysis, in Experiments B and C, of the 


Filter effluent :— 





Ammoniacal Nitrogen - - - - - 
Oxidized Nitrogen 





settled filter effluents after paper filtration. Still; the 
ratio of ammoniacal to oxidized nitrogen is less in the 
filter effluent from the septic liquor, which is therefore 
in this respect the better, thus :— 


From septic From precipitation liquor. 





liquor. Experiment B. { Experiment C. 
05 it if a 9 1 ‘03 
2°17 1°74 1°84 





If we take the calculated oxidizability of the respective effluents, apart from suspended solids, we have :— 


a EE, a a ea SS SP Oe ee eee ee 


Effiuent from septic liquor. 





07 


Effluent from precipitation liquor. 


Experiment B. Experiment C. 





2°1 0°4 


a 


Here there is no difference between the first and third, and not much between these and the second. 
The units of purification are :— 


I 





Calculated units of purification (including the sus- 
pended solids in the settled effluent) - . - 
Calculated units of purification, assuming five parts of 
suspended solids as a fair average for the filter 
effuent * = - - - - - - - 
Calculated units of purification, excluding the 
suspended solids - . - - - - - 





Practically, therefore, and allowing for the fact that 
the above comparison cannot be a strictly exact one, it 
may be said that there was little or no difference in the 
aggregate work effected by the filters at Rochdale during 
the periods in question, whether they were treating 
septic or precipitation liquor. If anything, perhaps the 
balance is in favour of the septic liquor. The tem- 
perature conditions were probably fairly comparable 
during these three experiments. 

As has been already said in the memorandum on the 


Weieut trom Effluent from precipitation liquor. 








ie ane 
Septic liquor. B Ge 
9,660 7,039 8,289 
8,640 
10,200 9,406 10,590 


work done by filters (loc. czt.), the nitrogen stage of the 
oxidization of sewage liquors probably requires, unit for 
unit, a larger anfount of energy than the carbon stage. 
Tf the relative proportions of nitrogeneous and _carbona- 
ceous matter, therefore, had differed materially in the 
septic and precipitation liquors, this might conceivably 
have influenced the results of the filtration. But 
apparently there was no very great difference between 
the liquors in this respect, if we may judge by the 
following ratios :— 


we A se a ee 


Ratio of :— 





Septic Liquor, Hourly Samples as pees ka ee 
Septic Liquor, Chance Samples Se a - - 
Precipitation Liquor, Hourly Samples - - - 
Precipitation Liquor, Chance Samples, Experiment A 
Precipitation Liquor, Chance Samples, Experiment B 
Precipitation Liquor, Chance Samples, Experiment C 
Precipitation Liquor, Chance Samples, Experiment D 


Ammon. + Organic 





“Oxygen absorbed” in 4 hours 





Nitrogen. (corrected). 
1 1°42 
1 1°48 
iL 1°67 
1 1°20 
1 163 
1 1°29 
i 1°63 


bite ee en ee ee Se ee 


Experiments A and D. 


Only a few words need be added here with respect to 
the precipitation liquor experiments A and D. In A (at 
allevents, when the samples analysed were being drawn) 
the filters were treating only 133 gallons per cube yard per 
day of a much weaker precipitation liquor than usual, and 
were producing a high class effluent which contained 
nearly all its nitrogen in the oxidized state and took up 
very little dissolved oxygen from water in five 
days. The filters were at this time working well within 
their capacity. 

In experiment D, the filters were treating 250 gallons 
per cube yard of a liquor of much the same strength as 
In experiments B and C, and this in the colder months 
of the year. Notwithstanding this large dose, the 
efflueat—apart from its suspended solids—was of fair 
quality, containing about one-third of its nitrogen in the 
oxidized state and taking up only 0°78 part of dissolved 
oxygen in five days. At the same time, the aggregate 


purification effected during experiment D was only 
about the same as during experiment C (8,425 units, as 
against 8,289, including the suspended solids of the 
effluent), while the percentage purification had fallen 
materially (cf. Table on p. 227). It would seem, therefore, 
that 250 gallons per cube yard is somewhere near the limit 
of volume at which the Rochdale precipitation liquor can 
be filtered through coarse material, so as to produce a 
reasonably good effluent. 


During the whole course of the experiments A to D, 
there was no appreciable ponding on the surface of the 
filters, excepting at parts which had been much trodden. 


By referring to the section upon Rochdale in Appendix 
III, p. 467, it will be seen that Mr. Platt had found by 
experience that a rate of 167 gallons per cube yard per day 
was too much, when the filters were treating septic tank 
liquor, giving rise to ponding on the surface of the filter 
and deterioration in the quality of the effluent, and he 
reverted to the 133 gallon rate. If, however, we take 





* This assumption is a deduction from the results of the analysis of the effluents, and is probably near the truth. 


+ Cf. Notes t and f, p. 222. 
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150 gallons as the rate for septic tank liquor, beyond 
which it would not be prudent to go, even this compares 
unfavourably, as regards volume, with the 217 gallon 
rate for precipitation liquor of Experiment C. 

The general conclusion to be drawn, therefore, both 
from the experience of the Rochdale Authorities and 
from the Commission’s experiments, is that owing to 
the reduction in strength of sewage brought about by the 
addition of precipitants,.at least one third more 
precipitation liquor than septic liquor can be filtered per 
cube yard at Rochdale, but that the resulting filter 
effluent from the precipitation liquor—while very good— 
is not quite so highly nitrated as that from the septic 
liquor. Given similar conditions of eternal surface 
area in the filter, the time of “percolating contact” 
would, with the larger flow, be shorter in the case of the 
precipitation liquor.* It has also to be borne in mind 
that against the advantage of the larger volume dealt 
with, in the case of the precipitation liquor, would have 
to be placed the extra labour and cost entailed by 
the increased quantity—at least one-third more—of 
sludge produced. 

The conclusions arrived at by the Commission and 
given in the Fifth Report, viz. :— 

(1) That, within ordinary limits, the rate at which a 
sewage liquor can be filtered is in approximate inverse 
ratio to its strength ; and (2) that the more efficient the 


preliminary or tank treatment, the smaller is the cubic 
area of filter required for the second or oxidizing 
process—are thus fully confirmed by these experiments 
at Rochdale. The latter also show that, for practical 

urposes, and so faras the resulting effluent is concerned, 
it matters little whether the sewage is treated by septic 
tank and a larger area of filter, or by chemical precipi- 
tation and subsidence and a smaller area. The choice 
of the preliminary process would thus depend upon other 
considerations, such as facility for disposal of sludge, and 
whether it was necessary to keep down smell as far as 
possible in the distribution of the sewage liquor on to 
the filter. 


In conclusion, we desire to express our cordial thanks 
to the Sewage Committee of the Rochdale Borongh 
Council and to Mr.S. 8. Platt, the Borough Surveyor, 
for placing at our disposal, for the Commission, the 
experimental percolating filters at Roch Mills. To 
Mr. Platt we are further indebted for much invaluable 
help during the course of the experiments. Our thanks 
are also due to Mr. H. Ledson, the manager of the 
Sewage Works at Roch Mills, who devoted much time 
and trouble to the working of the filters and to the 
collection of samples. 


GEORGE McGOWAN. 


August, 1909. COLIN C. FRYE. 





REPORT UPON EXPERIMENTS CARRIED OUT AT ILFORD. 
By Dr. G. McGowan. 


The Commission’s experiments at Ilford were begun 
in the early part of 1901 and were continued, with 
periods of intermission, until the autumn of 1908. The 
main objects of the experiments were :— 


1. To test the relative efficiency of deep and 
shallow filters, filled with rather coarse material. 


2. To determine the extent to which the sewage 
underwent digestion in a septic tank. 


The results as regards septic tank digestion, in 
the very carefully controlled experiment which lasted 
from November, 1904, to August, 1906, have been 
referred to in the Fifth Report of the Commission, 
p. 22, and have been given in more detail in this 
Appendix, p. 249. 


It is therefore unnecessary to say more here than 
that the digestion at Ilford, where the sewage is 
virtually a domestic one of about average strength, 
amounted to about 30 per cent. ; or, applying an approxi- 
mate correction for the colloids in both the sewage and 
. the septic liquor, to about 23 per cent. 


The earlier experiment on septic tank digestion was 
not made with the same degree of accuracy, much fewer 
samples of sewage and septic tank liquor having been 
examined during its progress, so its results need hardly 
be given. 


The points which were under investigation at Ilford 
have also been the subject of study at a number of 
other places by different observers, as well as by ourselves 
on behalf of the Commission. While it will not there- 
fore be necessary to enter into great detail with regard 
to them in this Report, a short record of the progress of 
the experiments may be of some interest. 


By the kind permission of the Ilford Urban District 
Council, and for the most part at their own cost, the 


installation was constructed at the main outfall works: 
by Mr. H. Shaw, A.M.I.C.E., Engineer and Surveyor to 
the Council, assisted by Mr. Percy Taylor, A.M.LC.E., 
(now Surveyor to the Urban District Council at Hampton. 
Wick), and Mr H. Chittock, Sewaze Works Manager. 


It consisted of a concreted septic tank of 18,000 gallons. 
capacity, 30 feet long, 20 feet wide, and 5 feet deep, 
which was fed from the main sewage channel at the. 
entrance to the works, after the sewage had passed 
through the grit tanks. The flow was regulated by 
means of a valve placed in the entrance channel to the 
septic tank ; this regulation was not so good as in the. 
later experiments, when a gauge was employed. 

The sewage entered the tank over a sill which reached 
across the entire width. Having passed through the tank, 
the septic liquor left it over another sill, also stretching 
the whole way across, and it then flowed in an under- 
ground pipe, laid about a foot below the surface, to the 
small experimental filters, which were at a distance of 
about 700 feet from the tank, the fall between the 
outlet end of the tank and the feed channels at the 
filters being 1 foot 6 inches. This was the most suitable 
arrangement which could be made, having regard to the 
configuration of the main works and to the ground 
available. 


The flow through the tank during much the greater 
part of the time that the experiments lasted was 
at the rate of once in 24 hours. In order to ensure 
its continuing fairly uniform, it was necessary that 
the small space at the foot of the penstock,. which 
regulated the flow in the feed-channel to the tank, 
should be kept open, by being occasionally cleared with 
a piece of thick wire. Otherwise, this space was apt to: 
become more or less blocked by pieces of paper, etc. 
The flow was gauged from time to time, and was on the 
whole found to keep fairly satisfactory. 


The filters had the following dimensionst :— 











Length. Breadth. Depth. Cubic capacity. 

Ft. in. Ft. in. Ft. im. Cube yards. 
Deep filter - - - - . tous 30) Gre 0 Gee 0 24 
Shallow filter - - - - be 0 Devin 3°..0 12 


* Of. The Dorking Experiments. 





(This Appendix, p. 199 et seq.) 


+ A measurement made in June, 1906, after the filters had been in use for a long time, gave :— 

















Length. Breadth. Depth. | Cubic capacity. 

Ft. sin Ftsccim: Ft: in. Cube yards. 
Deep filter - - vhs - ao 9 3 Garr ty 24°7 
Shallow filter -  - mil pies Teal Os oF 0 


12°3 
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Owing to the levels, the filters had to be sunk in the 
ground, and in the earlier experiments they were boarded 
up on the three open sides of each filter, there being 8 
boards on each side of the deep filter and 6 boards on 
each side of the shallow. The material was good washed 
coke of 14 inches to 3 inches diameter ; this was of very 
even size. Each filter was drained by a main drain 
pipe running along one side, 1 foot in diameter and with 
open joints ; connected with this there were four branch 
perforated drain pipes, 6 inches in diameter, also with 
open joints, which ran across the filter. 


The effluents could be sampled separately at their 
respective outlet pipes, below these being two manholes in 
which the effluent solids collected, to be cleaned out as 
require]. he mixed effluents then flowed into a small 
stream, close by, which eventually joined the Thames at 
Barking. 


There were six Stoddart trays on each of the filters, 
the actual surface covered by the six trays being about 
72 square feet. Of the 108 square feet of each filter, there- 
fore, 36 square feet or one third of the whole were un- 
covered. The trays were thinner than those now used 
by Mr. Stoddart, and were therefore more apt to “ buckle ” 
with changes of temperature. They were throughout 
kept as carefully adjusted for level as possible. The 
trays were fed in couples from two shallow channels 
which ran the whole length of the filters, though at 
different levels. The regulation of the flows to the two 
channels was effected at a small concreted manhole close 
to the filters, 3 feet long and 2 feet broad ; this had two 
outlets, which were controlled by two wooden penstocks, 
It was at the-entrance to this small manhole that the 
samples of septic liquor were drawn, excepting during 
the second digestion experiment in 1904-6, when these 
were taken at the outlet to the septic tank. A few 
samples, at the very beginning of the experiments in 
1901, were drawn from different parts of the tank 
itself. The experimental septic tank was filled with 
crude sewage on March 7th, 1901, and allowed to stagnate. 
On April 11th the filters began to be matured with 
gradually increasing quantities of liquor, and on April 
15th the trays were fixed in position. 


Experiment A. April 11th—June 3rd, 1901. 
During this period the filters were mituring, tank 
liquor being run on to them from April 18th for two or 
three separate hours each day (total, for both filters= 1,500 
to 2,250 gallons per day). 
The following are the figures of analysis of a sample of 
tank liquor drawn from the tank itself, May 10th, 1901. 


Parts per 100,000. 


Ammoniacal Nitrogen - - - - 5°36 
Albuminoid Nitrogen - - - - 0°77 
Total Organic Nitrogen - : - 1°42 
Total Nitrogen (by Kjeldahl) - - 6°78 
*“ Oxygen absorbed ” at 27° C. at once - 1°78 
“Oxygen absorbed” at 27° C. on 4 hours 5°19 
+Chlorine - - - - - =. 2°60 
Solids by centrifuge (vols.) - - - 45°6 


Several samples of effluent from both filters were ex- 
amined during this preliminary period. Towards the 
end of it the formation of nitrate had begun, though the 
nitrate only showed to any extent in the drainings from 
the filters. ; 


It should be mentioned that during the whole of the 
experiments the channels at the filters and the filter trays 
were swept from time to time, as required, usually about 
once a werk, the sediment being returned to the septic 
tank, until the second digestion experiment was bezun, 
when it was put upon land; while -at much longer in- 








tervals the manholes receiving the filter effluents were 

emptied of their solids, which were usually put on the 

land. 
Experiment B. June 4th—June 18th, 1901. 





Deep | Shallow 

Tank. | Filter. | Filter. 

Flow through (in gallons) - | 18,000 | 6,000. |. 3,000 
Equivalent to gallons per . 
cube yard per day - - — 250 250. 





Two samples of tank liquor drawn during this period 


gave :— ; (a) 
Total Nitrogen - - - 7:09 7°18 
‘“Oxygenabsorbed” 2n 4hours 7°64 6°86 


Two samples of effluent from each filter showed very 
little oxidized nitrogen, thus :— 


Effluent from ‘| Deep Filter. | - ey 
Nitrous Nitrogen - - -| 0°06 0°23} 0°09 006 
Nitric Nitrogen - - -| 013 019 |-0°17 0°08 


Experiment C. June 14th— July 22nd, 1901. 
Shallow 


Deep 
Lane | Filter. | Filter. 
Flow through (in gallons) - | 18,000 | 4,000 | 2,000 
Equivalent to gallons per 
cube yard per day - » dae 167 167 


On June 26th, scum began to form on the liquid in the 
tank, and on July tithit had a thickness of 2 to 3 inches, 
the sludge being at that date about 4 inches deep. During 
this period four sets of samples were analysed. 

The samples of tank liquor gave the average figures :— 
Total Nitrogen - - - - -7733 (4) 
“Oxygen absorbed” in 4. hours - = -.: 733. (3) 

All the samples of filter effluent were turbid and 
greenish-brown in colour, with varying quantities of | 
sediment. They showed however a distinct improve- 
ment on the preceding set, and gave the following 
average figures :— 





7 Shallow 

Effluent from Deep Filter. Filter, 
Nitrous Nitrogen - - -|- 016 (4) Oll (4) 
Nitric Nitrogen - - -| O68 (4) O57 (4) 


Incubation (by smell) - - | 1+, 2-, (3) | 10), 8-,(4)- 





It is to be noted that neither of the last pair of 
effluents (drawn July 12th) showed more than a trace 


of oxidized nitrogen. 
July 23rd, 27th, 1901.—Some new trays were fitted on 


to the filters. 
Experiment D. July 28th—November 28th, 1901. 
Deep ;Shallow 














| Tank. | patter. | Filter 
Flow through - - - | 18,000 |12,000§ | 6,000 § 
Equivalent to gallons per 
| 500 500 


cube yard per day - - = 





During this experiment fifteen samples each of septic 
tank liquor and of deep and shallow filter effluents were 


examined. || 





* “ Strong,” 2.¢. * permanganate (3°94 grms. KMnO4 per litre), was always used for this test. 


_+ The chlorine in the Ilford sewage has no significance as a guide to strength, because of the large quantities of 
sodium chloride solution that get into the sewers from the Ilford photographic works. 


t The first two of these were drawn from various parts of the tank, at a depth of 2 feet, and the other 


two at the dividing manhole near the fiiters. 
sample would have done. 


The first couple contained much more suspended solids than a true 


§ Excepting from September 4th-15th inclusive, when the liquor was run through the tank only. 


|| Two further samples of tank liquor, Nos. 83 and 86, were also analysed, but their figures are not included 
here, because the corresponding filter effluents were not examined. They were rather stronger than the average, 


especially No 86. 
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’ The tank liquor gave the following average figures :— 





Parts per 100,000. | Average. 

Ammoniacal Nitrogen - - - - - - - - 5°31 to 6°90 - - G1 b.-(15) 
Albuminoid Nitrogen - - - - - 2 - - 0°40 to O77 - - 0°54 (15) 
Total Organic Nitrogen - - - - - - a Ie O78 to 1°93 - - LD dak 15) 
Total Nitrogen (by Kjeldahl) $ - - : : - 63L to 8°61 - - 739 (15) 
“ Oxygen absorbed” at 27°C. at once - . - : - 216 to. 3°85 - - 3°25 (15) 
* Oxygen absorbed” at 27° C. in 4 hours - : - - 600to 810 - - 693 (15) 
Chlorine - - - . - - - - - - 169 to 24°8 - 1420S Balt) 
Solids by centrifuge (vols.)  - - - - - - - 285 to 1060 - ai as tee CLD) 
Equivalent to solids in suspension * — - - - . - — . . 7 to 8 approx. 
Calculated “Strength” ¢ = - - - - - - - _ - - 64°4 





Tt will be noted that the samples of tank liquor were of very even composition throughout this experiment ; 
further, that they were of much the same strength as the average fortnightly samples taken during the two years 


1904-6. 


The corresponding fifteen deep and shallow filter effluents gave the following figures t :— 





Parts per 100,000, 


Ammoniacal Nitrogen - - - - - - : 
Albuminoid Nitrogen - - - - - - - 
Total Organic Nitrogen - - a - - - 
Nitrous Nitrogen - - - - - - - - 
Nitric Nitrogen - - - - - - : 
Total Nitrogen (by Kjeldahl) - | - - - : : 
“ Oxygen absorbed ” at 27° C. at one - - . - 
“ Oxygen absorbed ” at 27° C. in 4 hours- - - - 
“ Oxygen absorbed ” after incubation, in 4 hours - . 
Incubator test (by smell) - - - s 3 : 
Chlorine - - - - 
Solids by centrifuge (vols.) —- - - = = - 


The above thirty samples of deep and shallow filter 
effluent were more or less turbid with grey, green, or 
brown sediment and growths, but the best of them 
filtered through paper to clear and almost colourless 
liquids. On the day of analysis 11 out of each 15 
had either a clean earthy or a seaweed smell, the 
remainder having a slight sewage odour. Not one 
sample, however, was able to withstand incubation. 
_The result, therefore, of treating this medium-strength 
septic liquor, at the very high rate of 500 gallons per 
cube yard of coarse filtering material per 24 hours, was 
that the oxidation was almost confined to the car- 
bonaceous matter present, the nitrogenous matter of 
the liquor being only slightly affected. There was 
practically nothing to choose, as regards quality, 
between the two sets of effluents. 


- 





Depth at which sample was drawn - - 


Carbon Dioxide 3 s J 3 5 
Oxygen - : 2 = : a 2 e 
Nitrogen - - Z : 2 : - 





These figures all represent practically pure air, and 
they are sufficient to show that at this time the filters 
were fully aerated throughout. The poor quality of the 
effluents was therefore not due to any lack of oxygen 
in the interior of the filters. 


From time to time, during the progress of the experi- 
ments at Ilford, the depth of scum and of sludge in the 
tank was measured. The measurement of the sludge was 
made by means of a wide and thick-walled glass dipping 
tube, 8 feet long and 12 inches internal diameter, protected 
at the ends by brass verrels, which projected slightly. 
The tube could be closed at will by a stopper which 
consisted of half a small rubber ball, of slightly greater 


Per cent. found, by volume. 


Shallow Filter Effluent. 


Average. 


Deep Filter Effluent. 
Averag?. 


0°44 to 6°59—5'30 (13) 3°98 to 6°69—5'05 (13) 
0°36 to 0°57—0°47 (19) 0°34 to 0'56—0'45 (11)- 
0:60 to 1°22- 0°88 (12) 0°45 to 1°15—0 80 (12): 


0°0 to 
0°0 to 


0°34—0°12 (14) 
0°42—0-19 (13) 


00 to 028—0'13 (13) 
0°0 to 0°63—0°15 (13) 





5°21 to 7°42 —6°48 (13) 4:97 to 7'28—6'07 (13) 
0°93 to 1°72—1°35 (15) 1:03 to 1'84—1°33 (15) 
3°01 to 5°83—4°39 (12) 2°99 to 5°52—4°61 (13) 
3°41 to 9°03—6'20 (14) 2°88 to 8'49—5'74 (14) 


15— (15) 
24'4—20°0 (13) 
120°0—70°3 (15) 


15— (15) 
166 to 24°8—20°0 (12) 
19°0 to 127°0 -60°7 (14) 


16°8 to 
2u'9 to 








On November 11th, 1901, two samples of gas were 
aspirated from the interior of each of the filters, at 
points where it might have been expected that any 
de-aeracsion would show itself. This was done by 
hammering into the filter a narrow piece of iron gas 
barrel (?” internal diameter), temporarily plugged with 
a cork, which was knocked out by the aid of a long thin 
iron rod after the tube had reached the point desired. 
A suitable aspirator was then attached to the iron barrel 
by means of rubber and glass tubing, etc., and before 
actually collecting any gas, some 800 to 900 c.c. were 
first drawn off, so as to displace the air originally in the 
iron tube. ‘The gases were subsequently analysed, with 
the following results: :— 





From Deep Filter. From Shallow Filter. 


No. 1. No. 2. No. 3. ' No. 4. 
4 feet. 3 feet. 2 feet. 1°5 feet. 
0°36 0°36 0°44 Not 
20°67 20°27 20°85 analysed. 

78°97 79°37 78°71 








diameter than the tube itself, and through the centre of 
which a stout endless cord was passed ; immediately 
below the flat, 2.e., the lower side of the half ball, the 
cord was knotted. The upper vessel had soldered on to 
it a small brass hook, which allowed of the cord being 
securely fastened, 2.e., of the rubber stopper being fixed 
quite tightly after a dip had been made, and before the 
tube was drawn up for measurement of the sludge. The 
scum was measured by a foot-rule. 


As a rule, six measurements were made at a time 
of the scum and sludge at parts in the tank which were 
selected as giving a fair average of the whole. It will 
not, however, usually be necessary to give more than the 
average figures for any one set of readings. 





_ .* Inferred from the ratio of solids in suspension to centrifuge sulids in the fortnightly average samples of 
tank liquor drawn during the later sludge digestion experiment (1904-6). 


t Making allowance for the abnormal ratio of “ oxygen absorbed” at once to “oxygen absorbed” in 4 hours. 
¢~ Two further samples of each filter effluent were drawn fully half-way through the experiment), viz., 


Nos. 84 and 87 from the deep filter, and Nos. 85 and 88 from the shallow filter. 


They were, however, smelling 


strongly when they reached the laboratory and were not analysed. 
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Gallons of sewage _ 














Scum. Sludge. which had passer’ 
through the tank. 
inches. inches. Ra 
September 22nd, 1901. Inlet end - - - 20 2 to 24 — 
be : -. ~Outlet-onde) os ane 5 24 to 3* 2,299,500 
October 2Ist,1901. Inletend- -— - - 17 2% to 3 <a 
be 5 5 Outlet end - - - 6 5 to6 2,821,500 
November 27th, 1901. Inletend~ - - - | 24f about 2 — 
rs - +s Outletend - . - | 15 4 to 5 3,487,500 
Experiment E. November 28th, 1901—April 3rd, 1902. 
Tank. Deep Filter. Shallow Filter. 
Flow through (in gallons) - - - - - 18,000 6,000 3,000 
Equivalent to gallons per cube yard per day’ - — 250 250 





Experiment D had shown that the dose of 500 gallons 
per cube yard per day was too great for the filters, so on 
November 28th, 1901, the flow on to the filters was 
reduced to half of this, the tank still receiving 18,000 
gallons a day. 





During Experiment E, seven sets of septic tank liquor: 
and of corresponding effluents were drawn.{ Thesamples 
of septic liquor gave the following average figures, 
among others :— 





Parts per 100,000. 








Total Nitrogen - - - - - - 2 
“Oxygen absorbed” at 27°C. in 4 hours - - - 
Solids in suspension ~— - - - 4 a 





The liquor was thus of much the same strength as 
during Experiment D, though it no doubt contained 
rather more suspended solids, from the tank having been 
running for a longer time. 


All the fourteen effluents of this experiment were 
more or less turbid and brownish liquids, containing 
some sediment and a good deal of green growth. Only 
one, or perhaps two, of the deep filter effluents had a 
clean smell on the day of analysis, and the same applied 
to those from the shallow filter. The first four pairs 
only were tested for oxidized nitrogen, the average 
figures being :— 





Deep Filter | Shallow Filter 


Effluent. Effluent. 
Nitrous nitrogen - - 017 0°13 
Nitric nitrogen - - 0°18 0°23 





Average. 
: 6°51 to 913 at 7°65 (6) _ 
- 6°13 to 8°95 ae 7°48 (5) 
2 82 to 10°0 5s 88 (3) 


It may safely be inferred that all the samples would 
have putresced on incubation (only two of each were 
actually tested for this). 


It is noteworthy that the effluents of Experiment E 
(at 250 gallons per cube yard) were not quite so good as 
those of Experiment D (at 500 gallons). The main 
reason for this was, no doubt, the lower temperature 
prevailing during Experiment EK. It was also noted, on 
March 22nd, that there was ponding of the coke on | 
several places on the deep filter. 

On December 17th the distribution on to the deep 
filter was noted as being very fair. 

On December 19th, 1901, the flow through the septic 
tank was regauged. 

On December 20th the grit channel was cleaned out 
and the deposit put into the septic tank. 

The following measurements of scum and sludge 
were made :— 








January 3rd, 1902 :—Inlet end - - - - 
Middle - - : - 
Outlet end - - - 


99 ” 
” bP) 


March 21st, 1902 :—Inlet end - - = 
” ” Middle - - = <j 


Outlet end - > - 


” ” 


Gallons of sewage 


Scum. Sludge. which had passed 
through the tank. 

Inches. Inches. 

20 3°5 to 65 4,153,500 

18 3°5 to 4 

15 6°5. to 9 

36 9 5,539,500 

36 5°5 

18 8 


a ee 


On April 3rd, 1902, the flow through the septic tank was regauged, and on April 4th the flow was reduced 


both through the tank and the filters. 


Experiment F. April 4th—June 11th, 1902. 











Flowthrough - - - - < Ms. 
Equivalent to gallons per cube yard per day - 


Tank. Deep Filter. Shallow Filter. 
4,500 3,000 1,500 
— 125 


125 


OE See 
*On this date the middle of the tank gave a reading of 3 inches to 4 inches, 


ft One measurement. 


{It is not quite certain that the first set, drawn on November 28th, may not rightly have belonged to 


Experiment D. It is, however, included in E. 
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Only one set of samples was drawn during this experi- 
ment, on May 26th, 1202. The tank liquor was of about 
the usual strength. The two samples of effluent were 
free from odour when drawn, but they had a smell the 


next day and were not analysed; on May 31st they 
smelt badly. They were thus of poor quality. ; 

On May 26th the distribution was noted as being 
fairly good on both filters. 





Gallons of sewage 


Scum. Sludge. which had passed 
through the tank. 
Inches. Inches. 
-May 26th,1902:—Inletend - - - - 31 6 to 7 6,039,000 
mz + Middlemen - «464-1. 31 2 to 4°5 
Outletend- - - - 27 7 


” ” 


ee aan aa a aaa naan aaa 


On this occasion the scum was much more liquid than 
at the previous visit, the reduced flow and increased 
temperature having no doubt assisted digestion to some 
extent. 

Analysis of Scum and Sludge. 

The following estimations were made on samples of 

scum and sludge drawn from the tank on June 30th, 


1902. For the previous three months the tank had been 
running at the slow rate of 4,500 gallons per day, but 
before that the rate had for a long time been 18,000 
gallons, 


The figures given are reckoned on the dry scum and 
sludge (z.e., as dried in the hot-air bath). 





No. 


From top of scum, 
after rejecting about 
2 inch of dry humus 
matter, scratched up 


1. Scum. 


No. 2. Scum. No. 3. Sludge. 


From a mixture of 
the six sub-samples 
obtained by the 
different dips. 


From bottom of 
scum. 


by the fowls. 
Ras Of. ii) Per cent. 

Volatile matter - - - - - - 49°9 
Non-volatile matter - : “ - - - 50°1 
100°0 
“Cellulose” - - - - - - - 10°8 
Grit - - - - - - : - - 28°2 

Nitrogen (by Kjeldahl) - - - - = 3°25 





The above analyses show that, as regards volatile and 
non-volatile matter, and also as regards percentage of 
nitrogen, the scum and sludge did not at the time differ 
materially from one another. 


Experiment G. June 18th, 1902—June 24th, abe 
Tank. 


Flow through - - - = = 4,500 gallons. 


Parts per 100,000. 


Total Nitrogen ares Le . 
“i Oyegen absorbed ” in 4 hours at 27° C. - 
Solids in suspension WOM hore Sl Cina ect |, 4 





During this period the filters were merely kept 
moistened by running on tank liquor for two separate 
quarters of an hour each day. Six samples of tank 
liquor were drawn, viz., on June 30th, July 28th, and 
September 12th, 1902, and February 9th, Apri! 30th, and 
June 18th, 1903, and these gave the following average 
figures on analysis :— 


Average. 

3°84 to 7°78 - - - - 6°59 (6) 
2°54to 797 - - - - 6°19 (6) 
ShitowGide Kenya dat ye BIDS) 





The last sample, drawn on June 18th, 1903, was very dilute from recent heavy rains, but otherwise they were 
of very even composition and of about the same strength as usual. 
The only samples of effluent, or, rather, of drainings, examined during this time were drawn on June 30th, 


1902. They gave the figures :—- 





Drainings from :— 


Nitrous Nitrogen - -— - fot A ences 
Nitric Nitrogen See eet hg Set ed 
“Oxygen absorbed ” in 4 hours - 3 
Incubation (by smell) - e 2 x 





These samples were brownish-grey and rather turbid, 
with moderate amounts of sediment, and they had a 
fishy smell when drawn. Although well nitrated, the 
large amount of nitrite present showed that they were 
not, even now, effluents of high class. It should, how- 
ever, be borne in mind that the flow through the tank 
was very slow during this period (a flow of 4,500 gallons 
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Deep Filter. Shallow Filter. 


No. 140. No. 141. 
0°75 0°35 
3°98 2°78 
4°01 4°01 

ae - 





through a tank of 18,000 gallons capacity, but half full 
of scum and sludge) ; the tank liquor probably therefore 
contained a larger quantity than usual of snlphuretted 
hydrogen, which would tend to make it more difficult to 
purify. 

On July 28th it was noted that the coke on the filters 
was much cleaner than a month before. 


Ae | 
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The following measurements of scum and sludge in the tank were made during this period :— 





Gallons of sewage 





Scum. Sludge. which had passed 
through the tank. 
FE Inches. Inches. 
July Ist, 1902:—Inletend - - -  - oy 1125 55 6,201,000 
Middle -~ - oe: 26 45 
Outlet end - - - - 25 75 
July 28th, 1902:—Inlet end - . : - 16 9 5'5 6,322,500 
Middle -*¥-"S & -5 "Seats 30 PD we 
Outlet end - = he = ee 18 8 85 








The tank scum was at this time dry and powdery on the top, the fowls having scratched it up. 





Gallons of sewage 





Scum. Sludge. which had passed 
through the tank. 
Inches. Inches. 
September 2nd, 1902:—Inlet end - ~ - - 19°5 9°5 11 6,484,500 
Middle = Ae - 13°5 125 11 
Outlet end - - - 11 10 10 
February 9th, 1903:—Inlet end - ; - 24 10°5 7 7,204,500 
Middle - = re 20°5 16°5 175 
Outlet end - - - rT 16 16°5 
April 30th, 1903 :— Inlet end - = - 15 21 9 12 7,564,500 
Middle - - - 13 9 10 10°5 
Outlet end - - - 6 5 (2) 10°5 
June 30th, 1903 :— Inlet end - - 9 14 13°5 8 7,843,500 
Middle - - - 10 5 145 .- 15 
Outlet end - SN Ay rs 10°5 5 16°5 20 


There was at this last date practically no scum over a small part of the right-hand side of the tank. 


If these readings of sludge and scum are averaged, we get, roughly :— 








Scum Sludge Total Gallons of Sewage. 
| Inches. Inches. Inches / 
SnlyletstG0e rns 2 ee ae 26 7 33 6,201,000 
July S6thal Geo 1 le tee ee 21 7 28 6,322,500 
September 2nd, 1902 - - - - 15 11 26 6,484,500 
February 9th; 1903. = 6 = so 17 14> 31 7,204,500 
April 30th, 1903 oh ae eee ei 11 10°5 21°5 7,564,500 
Fuie Sob 190s ee eee ee 9 145 23°5 7,843,500 
Such measurements can only be taken as rough excavation was accordingly done in the latter part of 


approximations, but, allowing for this, it is seen that 


I June, 1903. 
during the above year of small flow of 4,500 gallons of 


liquor through the tank per day, the volume of the scum 
gradually decreased, while that of the sludge increased, 
the total volume diminishing by something like one-third. 


June 16th. 1903.—It was now considered advisable to — 


excavate to the bottom round three sides of the filters 
_(it would have been difficult to do this on the side 
bounded by the channel) and to gradually remove the 
encasing boards, eventually substituting wire netting for 





. these. If the aeration of the filters had been insufficient 
hitherto, this might be expected to remedy it. The 
July 1-9, 1903 Fie sO alte ote ee ma 

” 9-11, ” 2 p % - i. z 
” 12-16, ” by 3 S . oo x 


June 25th.—The topmost board, 9 inches deep, was 
removed from three sides. 


On June 30th, 1903, the flow through the tank, which 
at the time was theoretically 4,500 gallons, was re-gauged. 
It was however found, as the result of five trials, to be 
about 6,000 gallons (5,200 to 7,200), the flow varying 
materially with the head of sewage in the manhole. It 
was thus not satisfactory at the time. 


The following were the flows per day during the first 


fortnight of July :— 
Tank. Deep Filter. Shallow Filter. 
4,509 750 375 
4,500 
18000 } 1,500 750 


On July 11th and 13th the flow through the tank was 
gauged to 18,000 gallons, and on July 16th to 4,500 
gallons, 


On July 13th it was noted that the scum was getting 
very thin over nearly the whole of the tank ; the weather 


had been very warm, and rapid fermentation had been 
going on. Samples of deep and shallow filter effluent 
were drawn on that day, These had an earthy smell, 
but failed to withstand incubation. A further pair of 
samples, drawn on July 16th, had a slight sewage smell 
when drawn. 
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Experiment K. July 17th—WNov. 4th, 1908. 





Flow through - E 
Equivalent to gallons. per cube yard per day . 


Ten samples of septic tank liquor were partially examined during this period, and gave the figures :— 


Parts per 100,000. 





Total Nitrogen” - - - - - 
“Oxygen absorbed” at 987° G, ath once - - - - 
“ Oxygen absorbed” in 4 hours” - . - . : 
Solids by centrifuge (vols.) - - - - - 
Equivalent, approximately, to solids i in suspension - 


Tank. | Deep. Filter. Shallow Filter. 
4,500 3,000 1,500 

— 125 125 

| Average. 

. 4:04 and 4°29 - - - (2) 

: G49: tat Oly caviieve:. <i O68 ee) 

: L102 whi SIS Dotty cnt pee spss ect Ota <9) 

t BAN tay SOC io ann elnegl Giese lee hE) 


= = - about 2°0 


The tank liquor was therefore at this time much weaker than before, at least in oxidizable matter as 


measured by the “oxygen absorbed ” test. 


The rainfall for July, August, and October of this year was very high. 


The ten samples of filter effluent examined in each case gave the following figures :— 


Deep Filter Effluent. Shallow Filter Effluent. 

Average. Average. 

Nitrous nitrogen - - - - 0.07 to 0°27— O17 (10) 0°05 to O0'28— 0°14 (10) 
Nitric Nitrogen* - O07 to 22 — 13 (10) 05 to 35 — 1°8 (10) 
“Oxgyen absorbed” at 27° C, oe once 0°43 to O'76— 0°59 (5) 0°22 to 0°85— 0°51 (5) 
“ Oxygen absorbed” atin 4 hours - 1°41 to 3°02— 2°20 (10) 1°31 to 2°35— 1°62 (9) 
Incubator Test (by smell) - - - 8+ (8) 7+. (7) 


Solids by centrifuge (vols. -  - 


The samples of effluent drawn on October 24th, 1903, were analysed more fully than the others, 


may be given separately. 


Effluent from. 


Ammoniacal Nitrogen - - - - - - - 

Albuminoid Ni itrogen - - - - 

Nitrous Nitrogen ee - - 

Nitric Nitrogen - - - - . 

“ Oxygen absorbed ” at 27° «, an once - 

“Oxygen absorbed” in 4 es - - 

Incubation (by smell) - 

Dissolved oxygen taken up in 24 hours from (2 vols, 
tap water - - - - - - 

Solidsin Suspension - -— - - - 

Volatile matter in these solids 

Chlorine - “ere - - - - - 


The above effluents were usually somewhat opalescent 
and of a brownish tint, with varying amounts of fine 
brown suspended matter, the deep filter effluent as a rule 
containing most of this. In one case no notes were 
made on the day of analysis, but otherwise all the 
effluents had a clean smell then, and all that were 
tested (2.¢., two thirds of the whole) withstood incubation. 


26:0 to 41:0 —33°5 (7) 


120 to 26°0 —19°2 (7) 


so their figures 


Deep Filter. Shallow Filter. 


2°24 1.52 
012 0°12 
0°99 1°44 
O71 0°85 
2°29 Lit 
+ ut 
0°59 0°35 
31 2°3 
2°0 15 
13°8 _ 


The shallow filter effluents appeared on the whole to 
be rather better oxidised than the deep. 

The effluents of experiment A were thus of distinctly. 
better quality than those of any of the preceding experi- 
ments, but this was no doubt mainly due to the 
circumstance that the septic liquor treated was much 
weaker, owing to the very wet season. 


The following notes were made during the progress of experiment K :— 





Gallons of sewage 





Scum. Sludge. which had passed 
through tank. 

July 27th, 1903 :— 
Inlet endoftank  - - - - Practically no scum on 8,028,000 
Middle oftank - - - - - the tank, excepting grass 
Outlet end oftank - - - - ~ roots. 23” to 24” 

August 17th, 1903 :— —— 
Inlet end of tank - - ee Probably not more than 36” to 37” 8,190,000 
Middle of tank - - - - - 4{ 1” of scum over about 41” to 38” 
Outlet end of tank - . - = half the surface of the 26” to 33” 


September 21st and October Ist, 1903 


tank, 
Practically no scum on 


the tank. 


* Excepting in the case of the two effluents whose analysis has been given in detail, the estimations of nitrate (and 
in a few instances of nitrite) were made throughout this experiment by the pyrogallic acid method, which is only to 


be taken as approximately correct. 


+ Marked as having doubtful smell after incubation, but this cannot have been due to putrescibility. 
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2H 2 
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It will thus be seen that on August 17th the aggregate 
thickness of scum and sludge together was, if anything, 
rather less than on June 30th. On September 21st rapid 
fermentation was going on; a few days previously the 
tank had been covered by scum, but this got broken up 
by the wind. On October 1st, 1903, the flow through the 
tank was regauged. On October 13th the second lowest 
9” board was removed from each filter. 


On September 21st it was noted that, with the above 
flow of 125 and 250 gallons per square yard (125 gallons per 


cube yard), the distribution on to the filters was bad, the 
shallow filter receiving but little liquor. The latter was 
readily blocked by leaves—an important point to bear 
in mind with regard to this method of distribution ; 
thus, on the day in quéstion, a leaf was found at the 
entrance to this filter, which nearly stopped the flow on 
to it. 

The sewage valve, too, in the entrance channel to the 
septic tank, was for some days at this time frequently 
more or less blocked by solid matter. 


Experiment L. November 5th, 1903—July 27th, 1904. 








Srrrrrrnrsnnc nc nn nn nnn ee UUU EE Ure UII E nID aI nnEnSS RSS ASERERSU RS BEERS EURO 


Tank. Deep Filter. Shallow Filter. 
Flow through * - - - : 3 2 9,000 6,000 3,000 
Equivalent to gallons per cube yard per day = - — 250 250 


Fifteen samples of septic tank liquor were examined in the course of this experiment. They gave the figures :— 


Parts per 100,000. Average. aioe figures ree that the me ee liquor of this 
: “95 : . : eriod was much stronger than that of experiment K 
Cae ached ” - 9n7° era tOO 28 oa ttt) inet not so strong ral in the earlier ecpetite tes 
Caéonee J-  -  SaOb8to 42:00N 1 beneeetae The solids in suspension were low throughout (probably 
“ Oxygen absorbed” at 27° about 4 parts per 100,000). 
C. in 4 hours - - 963to S47 - 4°25 (15) 
Solids in suspension - S15to 4°9 ~ 9 ae Fifteen samples of effluent from each filter were also 
Solids by centrifuge (vols.) 16°4 to 33°0 - 25°1 (14) examined, with the following results :— 


a ee en 





Parts per 100,000. Deep Filter. Shallow Filter. 
; 

Average. Average. 
Ammoniacal Nitrogen - -— - eee - 1°83 to 4°64 3°84 (5) 172to 4:00 325 (4) 
Albuminoid Nitrogen - - - - - - 022to O70 O45 (4) 0°14 to 053 033 (4) 
Nitrous Nitrogen - - - - - - - 00 to O21 012 op 0°02 to 0°32 O15 (15) 
+Nitric Nitrogen” -.. ge) = eet eeypeena| ea) Mee) ee oe 03 to 25 15 (15) 
“Oxygen absorbed” at 27°C. at once - ee O77 to 1°35 1°04 (13) O51 to 1°32 089 (13) 
“ Oxygen absorbed” em 4 hours ee 1:99 to 4°57 354 (15) 1°83 to 3°78 2°82 (15) 
Incubator test (by smell) - . - - - - ae (13) rig (14) 

Dissolved oxygen taken up from (2 to 3 vols.) water 
at18°C.in@4hours- - - - = - 0°56 to 175 090 (8) 054 to 0°98 069 (7) 


55 to 76 64 (3) 
41 bio “Sis B44 a) 


3:9 to 7.8 et ea 
4 to 49. Soe 
25:0 to71°0 47°38 (14) | Traceto50°0 231 (15) 
98 to150 139 (3) 98 to148 128 (3) 


eg ee 


Solids in suspension - - 
Volatile matter in these solids - - - - - 
Solids by centrifuge (vols.) —- - - 5 - 
Chlorine - - 2 - - : : . ~ 


All the above effluents were opalescent liquids of a 
brownish tinge, and turbid with more or less suspended 
matter, which was nearly always brown in colour. The 
deep filter effluent contained as a rule much more sus- 
pended solids than the shallow—probably about twice 
as much, to judge by the centrifuge figures. Excepting 
three of the deep filter effluents and two of the shallow, 
which were noted as having a slight sewage or doubtful 


smell, all the above had a clean smell on the day of 
analysis. 

It will be seen that here again the effluent from the 
shallow filter was distinctly better oxidized than that 
from the deep. 

The effect of the suspended solids as regards power of 
taking up dissolved oxygen from water is shown by the 
following figures :— 


Dissolved Oxygen taken up from water in 24 hours at 18° C. 


a 














Deep Filter. Shallow Filter. 
Effluent from = 
Original. |Paper-filtered Original. {Paper-filtered 
Suspended Suspended 
Solids. Solids. 

June 13th, 1904 - - = : = 0°66 017 — 0°54 0°27 
June 22nd, 1904 - - - - 62 0°56 0°28 5:9 0°71 0°23 
July 16th; 1904 = 0°78 0°19 te 0°59 0°05 
Mean - - - - -—— 0°67 or21 — 0°61 0°18 





If we compare the results of Experiment L with those of 
Experiment E (November 29th, 1901, to April 4th, 1902), 
when the same volumes of tank liquor—6,000 and 3,000 
gallons—were being passed through the filters per day, 
but with a flow of 18,000 gallons through the tank, the 
great improvement in the effluents of L is manifest. 
This was undoubtedly due in part to the tank liquor 
being much weaker in the case of L and containing less 
suspended solids, and also to the temperature being as a 
whole higher. Since these factors varied, it is difficult 
to say whether and how far the removal of the side boards 
also helped to bring about the improved results, but 
possibly this assisted too. 


The following notes were made during this experiment : 
On November 6th, 1993, it was observed that the distri- 
bution was very bad on to both filters, especially on the 
deep one, near to a buckled tray ; the trays were, there- 
fore, re-set on November 16th, which improved matters 
somewhat. 

On May 27th, 1904, the distribution was good on the 
shallow filter—better than on the deep, where there 
was a faulty tray. 

On May 30th two more boards were removed from each 
filter, and on June 8th wire netting was put round 
them, in order to keep the coke in position. The coke 
on both filters was very clean. 





: Excepting from July 12th-15th, 1904, when the flow was cut off from both tank and filters. 
The nitrate was in this experiment estimated by the pyrogallic acid method, and in a few cases the nitrite also. 
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The following measurements of scum and sludge were made :— 





1 Gallons of Sewage which 
Susie mludge. had passed through tank. 
Inches. Inches. 
November 6, 1903. Inlet End Only a thin skin over 34 to 33 8,489,160 
- fe Middle - = | about half the surface of 36 — 
i . Outlet End - | the tank - - - 39 to 42 — 
January 11,1904. Inlet End - 1°5 to 2 34°5 to 29°5 -- 
4 ie Middle -— - a 32 to 34 9,083,160 
i ad Outlet End 1 to 1°5 36 to 34 — 





There was thus a small increase in the thickness of the 
sludge since the previous August. 


First Emptying of the Septic Tank. 


On July 27th, 1904, the flow was shut off from the 
septic tank, and 18 inches of supernatant liquor were 
removed by asyphon. The scum was at this time very 


thin—say, an average of about 1 inch over the tank, but- 


much more at the lower end of the tank than at the upper. 
On July 29th the sludge and scum together measured 3 feet 
6 inches to 3 feet 6? inches—average 3 feet 6} inches—all 
over the tank, measurements being made at ten different 
positions. On August 4th it was remeasured at the 
same ten spots, when it varied from 3 feet 3} inches to 
3 feet 5 inches—average 3 feet 4°3 inches. In the hot 
weather prevailing at the time the sludge had lost some 
water by evaporation. At the upper end of the tank the 
surface layer was now thinner than before, and much gas 
was being evolved. 


Sampling of the Sludge (including the Scwm). 


In order to get as true a sample of the sludge as possible, 
for examination in the*laboratory, a cylinder of sheet 
zinc, 7g inch thick, 4 feet long, and 1 foot 6 inches 
internal diameter, open at both ends, was used ; the edge 
was so sharp that it cut readily into the sludge. This 
was lowered gently into the tank at approximately each 
of the ten different points chosen, so as to give a fair 
average of the whole, and when it had reached the 
bottom, the mud in the cylinder was thoroughly stirred 
up by means of a wooden paddle, so as to get a homo- 
geneous mixture. A sample was then taken from the 
middle of each cylinder, by means of the dipping tube, 
the ten samples filling an ordinary pail. The sludge in 
the pail was again stirred up and re-sampled into 
bottles, which were put in ice the same evening. 

It was found impossible so to immerse the cylinder in 
the sludge as to have an equal depth of the sludge both 
inside and out, and this although the cylinder was 
actually resting on the bottom of the tank in all the dips, 
excepting possibly the first one. Thus, in the ten dips 
the inside column of sludge measured less than the whole 
column by 14 inches, 14 inches, 1 inch, 13 inches, 
12 inches, 14 inches, 14 inches, 1} inches, 12 inches, and 
12 inches, 2.¢., the outside column measured on the 
average 40°3 inches, and the inside column 38°75 inches. 
The bottom sludge near the upper end of the tank 
was very stiff and gritty, but, it then became much less 
dense until about three-quarters down the tank, when 
the consistency again increased somewhat ; at the out- 
let end it was much more gelatinous than at the inlet. 

The above method of sampling may be recommended 
as giving a very fair average sample of the sludge of a 
whole tank, though there is evidently a tendency, in 
lowering the cylinder, to push a little of the sludge 
aside. Of course the tank must either be small enough 
to be spanned by boards, as in this case, or there must be 
some other way of getting at the sludge. 

On August 25th-29th the sludge was removed from the 
tank and pressed with 25 per cent. of lime, 2.¢., 5 cwt. of 
lime went to a ton of pressed cake. With this relatively 
large proportion of added lime, it pressed easily enough. 


That the sludge as a whole had been well digested in 
the tank is shown by the following experiment :— 

On August 8th, 1904, 8°001 grms. sludge were put 
into a bottle with gas evolution tube attached, the water 
capacity of bottle and tube together being exactly 400 cc. 
The bottle and tube were then filled with freshly distilled 
water (containing probably about 6 c.c. of oxygen per 
litre), and the outlet end of the narrow evolution tube 
was led into an inverted receiving tube full of mercury. 
By September 21st, z.e., in six weeks, only one or two c.c. 
of gas had been evolved. The sludge, so far as could be 
judged from this small sample of 8 grms., had thus been 
exceptionally well digested. 


Analysis of the Sludge from the first emptying of the 
Ilford Experimental Septic Tank. 
Two duplicate bottles of sludge, Nos. 1 and 2, were. 


used. Analysis begun August 5th, 1904. 
The sludge contained :— 








Per cent. 
Moisture - - - - ~usbhet 82°68" 
Volatile Matter - - - - Sm F125 
Non-Volatile Matter - - - - 10°16t 
99°96 
Per cent. 
(a) “ Cellulose,” by alkali, acid, 
and ether - - - 1°84 on the wet sludge. 
(5) “Cellulose,” with previous 
permanganating - - 121 ma 
Grit from (a) - - - 5°88 us 
Grit from (6) - - - 4 '5'36 . 
Parts per 100,000. 

§Ammoniacal Nitrogen - - - : - 32°9° 
Albuminoid Nitrogen = - - - - eed bat 
Total organic Nitrogen . - - - - -  436°9 

||Total Nitrogen (by Kjeldahl) - - - - 469'8. 
“Oxygen absorbed” at 27° C. at once - ee 7361 
** Oxygen absorbed” at 27° C. in 4 hours - - %,613°0 

§ Dissolved oxygen taken up from water in 24 

hours at 20°-21°C.- - - - - AT'S 


This sludge was very black and slimy, and fairly 
homogeneous. Bottle No. 1, however, contained a piece 
of clinker which weighed 3:05 grms. (the wet sludge of 
the bottle weighed 263°25 grms.); this clinker was 
eliminated before the analysis. The sludge also con- 
tained several pieces of fibrous matter or wood. 

The sludge thus produced, after about 3 years and 2 
months’ working of the septic tank, at varying rates of 
flow, was very dense, containing as it did only 824 per 
cent.of moisture. The percentage of “cellulose ” remain- 
ing in it, though not high, bore still a considerable pro- 
portion to the whole dry matter. The nitrogenous 
compounds (equivalent to 2°71 per cent. of nitrogen on 
the dry substance) are to be regarded as very resistant 
to further anaerobic action. 

On August 31st, 1904, the septic tank was refilled 
with crude sewage. From that date until August 31st, 
1906,** the flow through the tank was, theoretically, 
18,000 gallons per day. This period covered the second 





* Mean of three estimations, viz.— 
(a) 82°58 per cent. Done on large sample of No. 1, 
using rough balance. 


(6) 83°04, Done on small sample of No. 1, 
using fine balance. 
(c) 82°41 ,, Done on small sample of No. 2. 


t+ Mean of two estimations— 
(a) 7°02 per cent. Small-sample of No. 1. 
(6) 722 hie x 5 el ” ” No. 2. 
t Mean of two estimations— 
(a) 9°94 percent. Done on No. 1. 


(6) 10°37 per cent. Done on No. 2. 
§ 0°2322 grm. of the wet sludge distilled with 500 c.c. 
water, 2.¢. 345, of 3°8708 grms. 
|| Mean of three estimations—438°0, 500°3, and 471°0. 
This is equivalent to :— 


Nitrogen in wet sludge - - 0°47 per cant. 
Nitrogen in the dry matter of the 
sludge - - - - eee a ered 


{ Done on 0°18505 grm. wet sludge in 310 ¢.c. water. 
** Excepting for the five days September 29th ‘o 
October 3rd, 1904, when there was no flow through. 
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sludge digestion experiment, which has been reported on 
separately.* Itmay just be mentioned, however, that 
scum commenced to form on the tank on October 26th, 
1904, but did not cover the whole tank until February 
Ist, 1905, five months after the start. By April lst, 
1905, there was a good scum all over it. On July 
25th, 1905, 2.e., after the tank had run for nearly eleven 
months, the scum averaged about 15 inches in thickness 
and the sludge about 5 inches. The scum was very 
uniform over the whole tank, but rather stiffer at the 
inlet than at the outlet end. 

No analyses were made of filter effluents from Ilford 
between July 27th, 1904, and April 29th, 1907, but notes 
were made, mainly by Mr. Chittock, on the appearance 
of the effluents, and on their keeping properties. These, 
and the notes upon the filters, may, therefore, be 
summarized shortly. j es 

July 28th, 1904—April 9th, 1905.—During this time 
the filters were merely kept moist by being sprinkled 
once a day. 

March 29th, 1905.—The trays on the filters were 
re-set, and the filters re-boarded. 


April 10th—22nd, 1905. 


Shall 
Deep filter. aie 
gallons. gallons. 
Total daily flow (2 hours) -| about 500 | about 22.0 


The filters were run for two hours daily with about 
half the tank flow, from 9 to 10 a.m. and 4 to 5 p.m. 
The distribution was not good, and the effluents were very 
cloudy and smelt badly after keeping for a few days in a 
full bottle. 


April 23rd—June 18th, 1905. 






Deep. Shallow. 
gallons. gallons. 
Total daily flow (1 hour) - | about 250 | about 125 


This meant one hour’s flow of tank liquor daily. 

By the latter date, the effluents had improved con- 
siderably. June 16th, the effluent man-holes were cleaned 
ot about 16 gallons of the liquid deposit being put upon 

and. 


June 19th— Sept. 14th, 1908. 


Deep. Shallow. 
gallons. gallons. 
Total daily flow (4 hours) - 1,000 500 
Equivalent to gallons per 
cube yard per day - - 42 42 





This meant a flow of four hours daily, 9 to 11 a.m. and 
3 to 5 p.m. ~ i 


The effluents apparently went back in quality for a 
short time, but by the middle of July they had again- 
improved very much. It was noted on July 27th that 
the distribution on to the shallow filter had improved. 


September 15th, 1905—August 31st, 1906. 





Deep. Shallow. 
‘ gallons. gallons, 
Total daily flow (6 hours) - 1,500 750 
Equivalent to gallons per 
cube yard perday -  - 62°5 62°5 





This meant a flow of six hours daily, 9 to 12 a.m. and 
2 to 5 p.m. 

Throughout this period frequent observations were 
made, for the most part by Mr. Chittock, with regard to 
the distribution of liquor on to the trays, and to the 
keeping quality of the effluents. The distribution was 
nearly always noted as being fair (on October 17th a 
tray was re-set on the shallow filter, which improved the 
distribution). The effluents, however, did not, as a rule, 
keep well, though now and then there was a little 
improvement in them. During the last six months of 
this period, an appreciable quantity of leakage water 
from the large contact bed, about to be mentioned, was 
getting into the deep filter effluent, more especially (cf. — 
p. 239). For some time this leakage water would be 
poorly purified effluent from a new bed. 


It has, however, to be borne in mind that, though the 
total flow on to the filters at this time was only equivalent 
to 62°5 gallons of tank liquor per cube yard per day, the 
filters were actually treating, during their working day 
of six hours, at the rate of 62°5 x 4=250 gallons per cube 
yard—a very heavy dose. The same remark applies to 
the preceding period of June 19th to September 14th, 
1905. 

On December 18th, 1905, and July 17th, 1906, 20 and 
24 gallons, respectively, of muddy liquid were removed 
from the effluent man-holes and put upon the land. 

On August 31st, 1906, the septic tank was shut off for 
cleaning out. The results of this emptying and the 
degree of sludge digestion during these two years are 
given in the Memo. on Sludge digestion already referred 
to (this Appendix, p. 249). 


Analysis of the Sludge 


The sludge was very carefully sampled while it was 
being removed from the tank. The following figures of 
analysis apply to an average sample of it, made up of 
584 sub-samples, taken in equal quantities from 
each cart-load of 200 gallons, on Sept. 13th—15th, 1906. 
The sub-samples were kept in ice, and the mixed sample 
was at once put in ice on reaching the laboratory on the 
evening of Sept. 15th. There were three bottles of it, A, 
B, and C., A. being taken from the middle of the mixing 
vessel employed, and B. and C. from either side of it. 


; Bottle A. Bottle B. Bottle C. 
Analysis begun - - - - - Sept. 18th, 1906. Sept. 20th. Sept. 21st. 
a b ¢ a b a b 
“Total Nitrogen (by Kjeldahl) -  - 5109 5191 496°5 5324 24°5 523°3 5186 
Mean 508°8 528°5 521°0 
“Oxygen absorbed” from N_ Per- 
manganate at 27° C.:— 8 
At once 667°1 659°0 735°3 737°8 460-1 725°4 
Mean 663°1 736°6 7413 
“Oxygen absorbed” at 27° C. 
in 4 hours 2706°2 27721 2813°3 2813°3 2657°0 2643'9 
Mean 2739°2 2813°3 2650°5 
Dissolved Oxygen taken up from In 3 days. In 4 days. _ In 3 days. 
Water at 18° C.t - - - + 542°6 553°0 906°5 760°5 656°2 644°9 — 
Mean 547°8 833°5 650°6 
Volumes of tap water added for 1 
grm. of sludge - - : - 5174 3105 5704 3422 4703 2822 . 








ne see Soe eS eee 


* Cf. Memo. on sludge digestion at Exeter and Ilford, this Appendix, p. 249. 
+ For the estimation of the Nitrogen and of the “Oxygen absorbed” from Permanganate, about 14 grms. of 
sludge (141729 grm. in one instance) were made up to 1,000 c.c. with water, and the following quantities were 


taken — 


For Nitrogen (by Kjeldahl) - - 


For “Oxygen absorbed” at once - 


For “ Oxygen absorbed” in 4 hours 


100 c.c, 
- 25 ¢.¢c. 
10 c.c 


It hardly requires to be stated that it is not an easy matter to get even samples from such attenuated mixtures 


of sludge and water. 


{ The dissolved oxygen used up varied from 13 per cent, to 29 per cent. of the total present. 
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Gas Evolution Experiment. From Sept. 15th to Oct. 4th, 1906, the septic 
tank remained empty. On Oct. 4th it was filled with 
septic liquor from one of the large tanks on the works, 
and allowed to stagnate until Dec. Ist. From that date 
until the close of the experiments the flow through the 
tank was as follows .— 


On Sept. 18th, 1906, 16°658 grms. of the wet sludge Dec. Ist and 2nd, 1906 
(containing 13°89 per cent. of dry matter) were placed Dee. 3rd - “ = 
in a bottle of 386 c.c. capacity, fitted with a narrow Dec. 3rd—31st * 
bent side tube, and the bottle and tube were then filled Jan. lst—3rd, 1907 - 18,000 galls. per day. 
with distilled water (containing 6°0 c.c. of oxygen per Jan.3rd—17th = - | Tank standing full. 
litre). The gas evolved was collected in fractions in the Jan. 18th—20th, inclusive 18,000 galls. per day. 


In order to ascertain how far this sludge was still 
capable of giving off gas under anaerobic conditions, a 
gas evolution experiment, similar to that described on 
p. 237, was carried out with it. 


About 18,000 galls. per day. 


” ? 


Tank standing full. 


” 


usual manner over mercury. Any sulphuretted hydrogen Jan. 21st—Feb. 1st - ‘Tank standing full. 
given off with the other gases was, of course, taken up Feb. 1st—2nd (one day) - 18,900 galls. 
by the mercury, and is therefore not included here. Feb. 2nd—15th -  - ‘Tank standing full. 


Feb. 15th—16th (one day) 18,000 galls. 
The following fractions were measured (reduced to Feb, opie me ik Tank cece full. 


0° C. and 760 m.m. mercury pressure) :— Feb. 23rd—24th (two days) 18,000 galls. per day. 
Se: Feb. 25th - - - About 4,500 galls. 

Gas evolved between Sept. 18th and Feb. 25th—March 11th - Tank standing full. 
Oct. 18th,1906 -  - - - 20°2 March 11th, 1907, to Oct. : 

Gas evolved between Oct. 18th and 31st, 1908 * - - - 18,000 galls. per day. 
Dec. 27th =~ - - - - 26°2 The Filters. 

Gas evolved between Dec. 27th, 1906, For about two months from Sept. Ist, 1906, nothing 
and Sept. 27th,1909 -  - — - 15°5 was done to the filters, excepting that from Oct. 10th, 


Gas remaining in evolution tube, 


: at various times, measurements of volume and analyses 
ala a ch ly cms 3 1°0 


were made of some leakage effluent which was finding 
its way {from an adjacent large contact bed (brought 
ki Foden the dissolved ah into operation on March Ist, 1906), on a slightly 
(ma Rete. correction tor the dissolved oxygen in the higher level, to the bottom of the experimental filters, 
water taken). and then passing out of their effluent pipes. Analysis 

While this sludge was thus not quite so well digested showed this to be a moderately purified effluent, with 
as that from the first emptying of the septic tank (so some brown suspended solid init. Ten estimations of 
far as can be judged from the small sample necessarily chlorine gave from 8°80 to 12°48, average = 11°57 parts per 
taken), the volume of gas which it was still capable 100,000, while two more or less detailed analyses of 
of giving off under the above conditions was not very samples drawn on Nov. 6th, 1906, and Jan. 8th, 1907, 
great. gave the following figures :— 


Total gas from 16°658 grms. sludge = about 64 c.c. 


Leakage water from Deep Filter | Leakage water from Shallow Filter 





(about 4 gallons per hour on Nov. (about 0°5 gallon per hour on 
oaks SEERA 6th, 1906, and 1°75 gallons on Jan.| Nov. 6th, 1906, and. 0'5 gallon on 
8th, 1907). Jan. 8th, 1907. 
Drawn November 6th, 1906, and kept in Analysed Analysed Analysed Analysed 
ice overnight. Noy. 7th, 1906. | Jan. 10th, 1907. | Nov. 6th, 1906. | Jan. 10th, 1907. 
Ammoniacal Nitrogen - : - - 2°64 2°9 ap. t 0°17 0°38 ap. t 
Albuminoid Nitrogen - 2 - - 0°34 0°09 
Nitrous Nitrogen - - - - - 00 0°01 
Nitric Nitrogen - - - . - - 0°80 2 80 
“ Oxygen absorbed” at 27°C. at once - 0°19 009 
* ra » tm4hours - 0°95 0°79 0°63 0°63 
Incubator Test (by smell) - - - - + + + + 
- Chlorine - = - - - - - 12°20 1114 10°67 8 80 
Dissolved oxygen taken up from (2 vols. 
tap) water in 48 hours at 18° C. - - 0°11 0°10 








The above samples were opalescent and slightly up round the netting. The coke, which had fallen 
brownish liquids, with a little suspended solid. They down to some extent, was also put in position again and 
had no smell when analysed. the trays were re-set. 

The shallow filter was the farther from the contact bed. Nothing further was done with the filters until March 

The leakage water amounted in October and the 12th, 1907, when the trays were adjusted and tank liquor 
early part of November to 4 to 6 (usually 5) gallons was run on for 1} hours, at the rates of 3,000 and 1,500 
per eee pee ue ee aera 0°5 gallon per hour — gallons per day respectively. 
from the shallow filter. e latter quantity was Tr oes 
seetenolo, at it pce neta), aeons the inflow _ gg Ae RO? NOG! oe Yok dl spbeeguen Hows mera 
the deep filter, which was done by digging a trenc Shallow 
round the latter on December 20th, and putting in a March 13th to 31st, 1907* | Deep filter. filter. 
3-inch drain pipe. From December 22nd, 1906, to March 


11th, 1907, 25 further measurements from the deep filter ; gallons. gallons. 
were made. One gave 2 gallons per hour; twenty-one ‘Total daily flow (10 hours) - 1,250 625 
gave 12 gallons ; and three gave 1} gallons. Taking 1?as Equivalent to gallons per 
the correct figure, that was equivalent to 42 gallons per cube yard per day - i 125 125 


day for the deep filter. Another measurement of the 
leakage water from the shallow filter on January 9th, 
1907, again-gave 0°5 gallon per hour, equivalent to 12 
gallons per day for the shallow filter. These small 
volumes were practically negligible, in comparison with 
the volumes of septic tank liquor treated on the filters 
during 1907-8, and accordingly no account has been 
taken of them. 

Early in December, 1906, new and stronger wire 
netting (4-inch wire) was put round the coke of both 
filters, and the boards were then replaced and nailed 


This meant 10 hours flow of tank liquor daily. The 
distribution was noted as being not good. 

No analyses were made of the effluent during this 
fortnight. 








* Flow stopped for 16 hours on May 27th—28th, 1907. + Approximate ; by direct Nesslerization. 
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The results obtained up to now had shown that, with 
small experimental filters of fairly even-sized coarse 
material, 14 inches to 3 inches in diameter, and with 
distribution by means of Stoddart trays, 1t was not 
possible to get a high-class effluent at Ilford at a reason- 
able rate of filtration, so long at least as the coke 
remained fairly clean. The time of contact of liquor with 
the clean filtering material was evidently too short (for 
experiments on time of contact, see p. 246). The aeration 
of the filters was not in fault, at all events not since the 
boards had been removed from the filters, and, in all 
probability, not even before then (cf. analysis of filter 
gases, p. 231). 

It was therefore decided, at this stage, to try to im- 
prove the distribution, and thus to lengthen the time of 
contact, by replacing the uppermost few inches of coarse 
by finer material. The top 10 inches and 5 inches, 
respectively, of the coarse material on (a) the deep and 
(b) the shallow filter was therefore removed in the early 
part of April and replaced by 4 inches (a) and 2 inches (0) 
of coke, } inch diameter, and 6 inches and 3 inches of coke, 


3 inch in diameter, the finer material being on the top. 
All this small coke was washed before it was put on to 
the filters. On April 13th the trays were replaced, and 
on the 15th the tank liquor was again turned on to them, 
as follows :— 


Experiment Al, April 15th to May 12th, 1907. 
Deep. Shallow. 
Total daily flow (6 hours) 750 galls. 375 galls. 
This meant six hours flow on to the filters daily. 


Two samples of tank liquor were examined during 
this period, and gave :— 


Average. 
Total Nitrogen (6°30 and 5°92) - 6°11 (2) 
“Oxygen absorbed” in 4 hours (5°28 
and 5°40) - - - - - 5°36 (2) 
Solids in Suspension — - > ae 52 (1) 


The tank liquor was thus of moderate strength. 


The two pairs of corresponding filter effluents (a) and 
(b) gave (in both cases (4) was filtered through German 


paper before analysis) :— 


NA OA 








Deep Filter, Shallow Filter. 
Parts per 100,000. 
Original. Paper-filtered. Original. Paper-filtered. 
Taek (a) ©) (a) @) 
Ammoniacal Nitrogen - - - - - - 2°76 2°46 3°16 342 
Albuminoid Nitrogen’ - - - - - - 0°62 0°28 0°56 0°31 
Nitrous Nitrogen - - - - - - 0°03 0°06 0°03 0°18 
Nitric Nitrogen - - - - - - - 2°17 2°14 1°30 119 
“Oxygen absorbed” at 27°C. at once -~— - - 0°87 0°32 0°78 0°65 
“f Z in 4 hours-  - - 3°17 1°66 2°97 2°35 
Incubation (by smell) - - - - - = + ob bt + 
Dissolved Oxygen taken up from water at 18°C. in 
*@days” =" Say ee eee eee 4°32 1°89 3°27 2°30 
Solids in suspension “ - - - - - High. a 3 Rather high. { 
Solids by centrifuge (vols.)  - - - - - 81'°3 _ 44°2 — 


The above effluents were very opalescent and brownish, 
and they contained much brown suspended solid, which 
was evidently being washed out of the filters after the 
rest. Both of the deep filter effluents and the first of 
the shallow had a faint sewage smell when drawn ; the 
second shallow effluent had an earthy smell. At this 
time better oxidation was being effected on the deep 
than on the shallow filter. 





Experiment B1. May 15th to 20th, 1907. 
Shallow. — 

750 
This meant twelve hours’ flow on to the filters daily. 


: Deep. 
Total daily flow on filters (12 hours) - 1,500 


One sample each of tank liquor and of filter effluents 
were drawn on May 14th. They gave the figures :— 














. Deep Filter Shallow Filter 
Parts per 100,000. Tank Liquor. Effiuent. Efiuent 
Ammoniacal Nitrogen = - - - - - -~ 1°84 2°08 
Albuminoid Nitrogen - - - - - — 0°47 0°49 
Total Organic Nitrogen - - - - - — 0°57 0°96 
Nitrous Nitrogen -  - - - - - — 0°06 0°08 
Nitric Nitrogen - -  - - - - _— 2°14 1°42 
Total Nitrogen (by Kjeldahl) - - - - 5°09 4°61 4°54 
“Oxygen absorbed ” at 27° C. at once - : 1°89 0°80 0°67 
“Oxygen absorbed” at 27° C. in 4 hours - 5°51 3°18 3°18 
Incubation (by smell) - - - - - —_ + + 
Solids in suspension - —- Pgeat ygs -|- 65 85 73 
Chlorine - - . - - - - - 8°97 9°34 = 
Dissolved Oxygen taken up from water at 
18° C.in6days~ - - - 2 E - — 43 +x 44+x 





Experiment C1. May 21st to June 30th, 1907. 


From this time onwards the filters were fed 
continuously, night and day. 


These two effluents were the same in appearance and 
character as the effluents of Al ; they had both a soapy 
-smell when drawn. 








| Deep. Shallow. 
Flow on-to filters§ <> © jy)= = 9s op eee 1,500 750 
Equivalent to gallons per cube yard per day -. - | 62°5 62°5 








* Excepting on March 17th, 24th, and 31st. 

+ Before filtration through paper, Solids in Suspension = 16°0. 
{ Before filtration through paper, Solids in Suspension = 6°8. 
§ Excepting for 16 hours on May 27th-28th. 
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The five samples of septic liquor drawn during this period gave the following figures :— 





Parts per 100,000. Average. 
Total Nitrogen - landii  cpbdbakdedis coda steal ick 5°74 to 7:13 aes tie pe OF De (0) 
“ Oxygen absorbed ” at 27° GC, at once - - - - - D11. ta 2°45 - - a'74 (5) 
“Oxygen absorbed” at 27° C. in th = we fe - - 5°59 to. 6°84 . - 6°36 (5) 
Solids in suspension —- - = - : 5 i to G4 - . Be. H(A) 
Volatile matter in those solids - - - - - - AO to 574 - - A541 (4) 
Solids by centrifuge (vols.)  - = - 4 1i4" to-425 - - 3k0-)@) 
Ratio of Solids in suspension to Centrifuge Solids - - 1: 2°L to 1482 - = 5S 4..(4) 








The tank liquor was thus of about the usual strength. The corresponding samples of filter effluents gave :— 




















Parts per 100,000. Deep Filter. Shallow Filter. 

Average. Average. 
Ammoniacal Nitrogen — - - - - - - 0°93 to 2°92 = 1°91 (5) ZO to 43°02 2°78 (5) 
Albuminoid Nitrogen - - - - - -}| -W15 to 0°44 0°33 (5) 24 to 0°43 0°35 (5) 
Nitrous Nitrogen -* - - - - - - 0°08 to O16 0°12 (5) "06 to 0°23 0°14 (5) 
Nitric Nitrogen - - - - - 1°84 to 3°00 2°38 (4) 0°82 to 2°57 1°52 (4) 
‘Total Nitrogen (by Kjeldahl). - - - - - 4°80 and 5°23 (2) 4°52 and 5°42 (2) 
“ Oxygen absorbed ” at 27° C. at once - - - 0°60 to 0°87 0°68 (5) 0°60 to 1°19 0°85 (5) 
“Oxygen absorbed” at 27° C. in 4 hours - - - 1°63~ to’ 4°23" 2°73" (5) 2°20 to 4°46 3°03 (5) 
Incubation (by smell) - - - - - 5+ (5) 5 + (5) 
‘Oxygen in solution - - - 005~to: 036° O'f4 (4) 0°05 to 0°09 0°06 (5) 
Dissolved Oxygen taken up at 18° C. in 48 hours - 0°67 and 1°84 2 1°77 and 1°92 (2) 
Dissolved Oxygen taken up at 18° C, in 5 days - 219 to 56°98 4°15 (3) 2°61 to 7°85 5°06 (4) 
Solids in suspension -, _—_- - - - - a a fo 4:0 (4) 2°8 to 4°9 3°6 (4) 
Volatile matter in those Solids cis nee 23 to 38 3°0 (4) 2:0 to 3°8 2°77 (4) 
Solids by Centrifuge (vols.) — - - - -| 23°6 to 872  49°6 (4) 15-2 to0/ 55:0 382 (4) 
Ratio of Solids in suspension to Centrifuge Solids wih Le Stolle) bs 124 1 2/5°2* tol S1S0lD 7106 (4) 








All the foregoing effluents, both deep and shallow, were of moderate quality. Since no analyses were made of 


brownish tinted and more or less opalescent, and they 
contained sometimes—more especially the deep filter 
effluent—very considerable amounts of light brown and 
floceulent solids. All had a clean smell—earthy or 
earthy-fishy, ete——when analysed. The liquid of the 
<leep filter effluents was twice noted as being clearer than 


effluents in the earlier experiments at the above rate of 
flow (62°5 gallons per cube yard per day), when there was 
no fine ah een on the surface of the filters, no comparison 
can be drawn with regard to this point. 


Experiment D1, July 1st, 1907—January 20th, 1908. 











the shallow, and the analysis shows that the former Deep. Shallow. 
effluents were the better oxidized. Though no one of the 4 Gallons Gallons 
effnents failed to withstand incubation, the relatively pow on to filters f : 3.000 15 Gon 
large amounts of dissolved oxygen which they were }.... : ? 
Equivalent to gallons per 
capable of taking up in five days showed that, even oaks ward ter day. 3 125 125 
allowing for the suspended solids present, they were only y P y E ; 
Ten samples of septic tank liquor were examined during this period, and gave the following figures :— 

Parts per 100,000. Average. 
“Total Nitrogen - - - - - - - 5.76 to 8°40 6°94 (9) 
** Oxygen absorbed ” at 27° C. at once - - - - - 117 to 4°39 3°34 (10) 
“ Oxygen absorbed” at 27° C. in we hours: - ; - ,» 5.54to 8.64 7°43 (10) 
Solids in suspension = - - - - - - 5°3 to 92 23 (9) 
Volatile matter in these solids —- - - : - - 42 to §9 Bt, (9) 
Solids by centrifuge (vols.)  - - - - - - 31°6 to 80°0 49°5 (10) 
Ratio of Solids in suspension to Centrifuge Solids - - BO to les 1 BO rat SU Ae! Soe Ye} 
Calculated strength (allowing for abnormal ratio between 

; — 65°4 


“oxygen absorbed ” at once and in 4 howrs) = = 


The above septic liquor was thus of about the usual strength at Ilford—slightly stronger than in the preceding 
experiment, and with rather more suspended matter. 
The corresponding samples of effluent gave :— 














Parts per 100,000. Deep Filter Effluent. Shallow Filter Effluent. 
Average. Average 
Ammoniacal Nitrogen = - - . - - - 1°77 to 5°22" /2°76'(10) 270 to 500° — 352 (10) 
Albuminoid Nitrogen = = . : - - 0°22 to 1°20 0°43 (10) 0°25 to 0°82 0°44 (10) 
Total Organic Nitrogen - > - - - - 0°50 to 1:33 0°81 (7) 0°46 to 1:20 0°73 (7) 
Nitrous Nitrogen - - - . - : - 007te'<0'°33.--—-0°17-(10) 0°06 to 0°42 0°23 (10) 
Nitric Nitrogen - - - - - - 0°90 to 3°45 2°00 (10) 0°53 to ' 1°90 1°28 (10) 
Total Nitrogen (by Kjeldahl) - - - - - 4°84 to 7°22 5°59 (8) 4°50 to 710 5°61(9) 
“Oxygen absorbed” at 27° C.at once - - -| O62to 135 0°86 (10) 072 to 124 0°93 (10) 
** Oxygen absorbed ” at 27° C. in 4 hours - - 213. ton 3-73). 2'95.(10) 9:42 to 3°93 4, 43115, (10) 
Incubator test (by smell) - - - - - - 10+(10) 9+1-(10) 
Oxygeninsolution - -— - (PR 00 to 019 0°08 (5) v0 to 0°20 0°11 (5) 
Dissolved oxygen taken up from water at 18° C, in 
48 hours. - 2 - = - 115 to 2°86 2°02 (8) 079 to 2°55 1°67 (8) 
Dissolved oxygen taken up from water at 18° C. in 
sdays - Bae anime rat mw he sO) LO. 7°80: -~ °56-(8) 3:96 to 797 6°18 (8) 
Solids in suspension - - : - - - - oe te 2 5 59 (9) 34. to 69 4:1 (9) 
Volatile matter in these Solids- - - - -| 27 to 61 4°3 (9) a Ale a 3°9 (9) 
Solids by Centrifuge (vols.) — - - | 33:0 t01230 693 (19) 35:0 to73°5 57°1 (10) 
Ratio of Solids in suspension to Centrifuge Solids Sule del tOk toe LOO ve T OO to Ts bro 1: 1179 (9) 
Calculated oxidizability - - - - - 21°5 + 23°0t 
Units of purification per cube yard - - eee 5,488 5,300 











* This ratio was, as a matter of fact, fairly even, only varying in 9 out of 10 estimations between 1:51 and 
1:8°7, and in 8 out of 10 estimations hetween 1 :5°l and 1:73. 
+ Giving credit for nitrite as well as nitrate. 
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The last seven of the ten samples 
filtration, with the following results :— 


Parts per 100,000. 


each of deep and shallow filter effluent were also examined after paper 








Ammoniacal Nitrogen - . - ° : ; 
Albuminoid Nitrogen BP oes = a Oe ts 
Nitrous Nitrogen - . - - - : - 
Nitric Nitrogen - - 
“ Oxygen absorbed ” at 27° C. at once - - - 
“Oxygen aborbed” at 27° C. in 4 hours - - - 
Incubator test (by smell) - - - Ete - 
DissolvedOxygen taken up from water at 18° C.in 48 hrs. 
DissolvedOxygen taken upfrom water at 18°C.in 5 days 


Deep Filter Effluent. Shallow Filter Effluent. 
Average. Average. 

1°78 to 5°23 2°93 (7) 2°66 to 4°99 3°54 (7) 
0°15 to 0°40 0°25 (7) O19 to 0°39 0°28 (7) 
0:07 to 0°23 0°13 (7) 0°06 to 0°25 0°15 (7) 
0°90 to 3°45 194 (7) 0°53 to 1:90 1°35 (7) 
0°27 to 0°67 0°49 (7) 0°42 to 0°87 0°58 (7) 
1:33) to. 2°23 1°71-(7) 1:78 to 2°67 2°11 (7) 
4 +, (4) 4+, (4) 

0°46 to 0°79 0°60 (4) 0°60 to 1:02 0°79 (6) 
0°54 to 2°97 1°49 (7) 1°02 to 2°50 1°95 (6) 








Comparing the average figures of the last seven (out of the ten) samples each of deep and shallow filtcr effluent, 
before and after filtration through paper, we get the figures a 














Parts per 100,000. om 
Original. 

Ammoniacal Nitrogen - - - - 2°92 
Albuminoid Nitrogen - - oe ee 0°47 
Nitrous Nitrogen = - - - - - Bi ba 
Nitric Nitrogen - - - - . - #1 Ga 
“ Oxygen absorbed” at once - . - 0°86 
“ Oxygen absorbed” en 4 hours - - - 3°12 
Incubation (by smell) - - - - 7+ 
Dissolved oxygen taken up in 48 hours” - 2°05 
Dissolved oxygen taken up in 5 days - 6°62 
Solids in suspension - - - - - 6°4 
Calculated oxidizabilityt - - - - 24°3 


Deep Filter Effluent. 





Shallow Filter Effluent. 














Paper-filtered. Original. Paper-filtered. 
2°93 3°55 B54 
0°25 0°47 V'28 
013 O15 0°15 
194 1°35 ile ta% 
0°49 0°86 058 
legal 3°09 Q 11 
4+ (4) 6p 4+ (4) 
0°60 (4) 174 0°79 (6). 
1:49 6°49 1°95 (6) 
—— yal b es, 
9°6 26°0 14:1 








Ee 


All the foregoing effluents, from both deep and shallow 
filters, were brownish in tint and opalescent, with rather 
large quantities of suspended solids, which were nearly 
always brown in colour and finely divided. They all 
had a clean smell on the day of analysis, though the 
odour of the shallow effluents was sometimes slightly 
soapy. The deep filter effluent again contained rather 
the more suspended solids ; notwithstanding this, it was 
again a little better oxidized than the shallow effiuent. 
All the deep, and all but one of the shallow, effluents 
withstood incubation. 


On November 19th, 1907, the distribution by the trays 
was noted as being fairly good, while the fine coke on 
the top of the filters was clean, without any signs of 
ponding. On December 18th the distribution was again 
noted as being fair. 


It is difficult to make an exact comparison of the 
foregoing results with those of experiment K (made 
before the fine material was put on to the filters), as, 
owing to the very wet weather of 1903, the strength of 
the septic liquor in K was only about half what it was 


in D1. The actual “ work done” by the filters in experi- 
ment D1 (as calculated by the formule given in the 
memoranda on “Strength of sewage” and “ Work done: 
by filters ”){ was not great, viz., 5,488 units by the deep. 
filter‘and 5,300 by the shallow. 


Contrasting the last seven samples each of deep and. 
shallow filter effluent in D1, after paper filtration, 
it is seen that the deep are still rather the better. 
The latter were fairly good effluents, per se, while the 
shallow might be termed moderate. That the sus- 
pended solids of both deep and shallow filter effluents 
were not very well oxidized is well seen from the third 
effluent table, the difference in the figures for dissolved. 
oxygen absorption by the original and by the paper- 
filtered effluents, respectively, being very marked. ; 


Experiment E1. January 21st—June 15th, 1908. 

On January 21st two of the 9-inch boards were 
removed from the upper part of three sides of the deep 
filter, and one from three sides of the shallow. 











Flow on to filters - - - - : ‘ : . 
Equivalent to gallons per cube yard per day - - 





Deep. . Shallow. 
: 3,000 1,500°" ! +: 
- 125 125 


The conditions of experiment El were thus the same as those of D1, excepting that now the top quarter of 


each filter was. open to the air on three of its four sides. 


The ten samples of septic liquor examined during this period gave the figures :— 


SS eee 


Parts per 100,000. 


Total Nitrogen — - . - - - - - - 
“Oxygen absorbed” at 27° C. at once - - - - 
_ “Oxygen absorbed” at 27° C.in 4 hours - - - 

Solids in Suspension —- - - - - - - 
Volatile Matter in these Solid - - - - 
Solids by Centrifuge (vols.) - - . - - 
Ratio of Solids in Suspension to centrifuge solids - 


Calculated strength (allowing for abnormal ratio between 


“oxygen absorbed” at once and in 4 howrs) - - 








Average. 
; 2°69 to 683 5°45 (10) 
e 1°20 to 3°66 2°07 (10) 
d 4°77 to 6°78 5°67 (10) 
5 43 to 81 63. (10) 
: 32 to 66 49 (10) 
: 20°8 to 43°4 33°3 (10) 
: 1.29to1:79 1: 5°3 (10) 
be ; 546 





The above septic liquor was thus only five-sixths as strong as that of experiment D1, and it also contained rather 
ess suspended solids. This was not due to increased rainfall, the period of El being much drier than that of D1. 





* Throughout these experiments and the following ones, only one estimation was made of nitrite and nitrate 


in €ach case. 


{ Taking the organic nitrogen as twice the albuminoid, and allowing for nitrite as well as nitrate ; the nitrous 


nitrogen is multiplied by the round factor 2°0. 
{| This Appendix, pp. 4 and 12. 


The corresponding samples of effluent gave :— 
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Parts per 100,000. Deep Filter Effluent. Shallow Filter Effluent. 
- Average. Average. 

Ammoniacal Nitrogen - = - - - =~ t te 1 49 TO oie lin oe Dae tak LO) 196 to 3°992 295 (10) 
Albuminoid Nitrogen - - - - - "1" 027 to. 060  OB5u.0(10) | 026 to. 0-39 ~ 0°33. C10) 
Total Organic Nitrogen - - . - - -| 059 to 0°93 080 (9) | O37 to 082 0°67 (9) 
Nitrous Nitrogen - - - = - - =| 0°09 tow.0°S5\ OF20)54(10) Jo 0°05.tow 0°25 /..0:14,, . (10) 
Nitrie Nitrogen - - - - - ~ | 0°69:40::2:984 21-7746, (10), fe OBL tot 1:85 L13<5 , GLO) 
Total Nitrogen (by Wiotdaht)- - - - - | 4°32 to (6°94 ...5°23) 9 (10), 419 to.5'52 4:99 (9) 
“ Oxygen absorbed” at 27° C. at once - - -' | 0:54 toe h O4b tH O8F9: we: CLO). [nr O45 te LO) 50076) .0) 
“Oxygen absorbed” at 27° C. in 4 hours - ~|°) 1-94 t0:.3°62.; 2°95, | (10) | \2°55:to. (3°61... 2°96. ».,(10) 
Incubator test (by smell) ptt oe ash te - 10 + (10) 8 +, 1(2), 1—, (10) 
Dissolved Oxygen taken up from water at 18°C. in 

48 hours - - ae - - - - 097 to 3°33. *2°25 (9) 0°80 to 4°01 *2°00 (10) 
Dissolved Oxygen taken up from water at 18°C. 

in 5 days - - - - - - - -| 3:06to 1300 +720+x(9) | 3:10to1000 {5°75+x (10) 
Solids in Suspension — - 2 - - -| 48 to 86 63 (10) | 36 to 78 50 (10) 
Volatile Matter in these olichs = = = aero mecomnors: 43 (10)--2°5 torre 3°5 (10) 
Solids by Centrifuge (vols.)  - -| 400 to780 581 (10) | 24°8 to 61°6 a 2 (10) 
Ratio of Solids in “Suspension to Centrifuge Solids Popo iton eae IO ao oto: too 8% (10) 
Calculated Oxidizability § - - - - - 21°93 22°6 
Units of Purification - - - - - - 4,088 4,000 











All the ten samples of effluent, in each 


case, 
following results :— | 


Parts per 100,000. 


were also analysed after filtration through paper, 


with the 


Deep filter effluent. Shallow filter effluent. 





Ammoniacal Nitrogen - aes Beas P 
Albuminoid Nitrogen - : E =a0) gh A 
Total Organic Nitrogen - - - - - - 
Nitrous Nitrogen - - : : = s 
Nitric Nitrogen . - ~ ‘ t eh 
Total Nitrogen (by K jeldahl) - : S : z 
“Oxygen absorbe1l” at 27° C. at once - - - 
“Oxygen absorbed” at 27° C. in 4 hours 
Incubator test (by smell) - c 
Dissolved Oxygen taken ie from athe at 18° C. in 
48 hours - = 
epi Oxygen taken up from witer at 18° C. in 
5 days - - = = - = Z 
Caialited Oxidizability - : : - 4 


Average. 
1°48 to 3°30—2°52 (10) 
0°16 to 0: 28—0°22 (10) 
0°35 to 0°64—0°50 (7) 
0°09 to 0°55—0°20 (10) 
0°69 to 2°98—1°77 (10) 
4°55 to 5°61—4°92 (8) 
0°36 to 0°67—0°52 (10) 
1°32 to 2°08—1°57 (10) 
10+, (10) 


Average. 
1:96 to 3°92— 2°96 (10) 
0°18 to 0°31—0°23 (10) 
0°28 to 1°05 —0°53 (7) 
0°05 to 0°25—0'14 (10) 
0°51 to 1°85— 1°13 (10) 
3°90 to 5°89—4'92 (9) 
0°41 to 0°67—0'53 (10) 
1°50 to 2°45—1°83 (10) 

10+ (10) 





0°34 to 1°83—*0°91 (9) 0°26 to 2°40—||0'96 (10) 
1°05 to 5°82—2°94 (9) 


0°98 to 6°36 — 2°93 (9) 
79 12°0 





Comparing the average figures of the ten samples, both of deep and shallow filter effluent, before and after 


filtration through paper, we get the figures7 :— 




















Deep filter effluent. Shallow filter effluent. 
Parts per 100,000. 
Original. Paper-filtered. Original. Paper-filtered. 
Ammoniacal Nitrogen - - - - - - 2°53 2°52 2°95 2°96 
Albuminoid Nitrogen — - - - - - - 0°35 0°22 0°33 0°23 
Total Organic Nitrogen - ~ - - - - 0°80 (9) 0°50 (7) 0°67 (9) 0°53 (7) 
Nitrous Nitrogen - : - - - - - 0°20 0°20 0°14 0°14 
Nitric Nitrogen - - - - - - - Big rier 1S 113 
Total Nitrogen - - - - - - 5°23 4°92 (8) 4°99 (9) 4°92 (9) 
“Oxygen absorbed” at or" C.atonce - Pe iN 0°79 0°52 0°76 0°53 
*‘ Oxygen absorbed” at 27° C. in 4 howrs ee 2°95 57 2°96 1°83 
Incubator test (by smell) - - - 10 + 10 + 8+,1Q@1— 10 + 
Dissolved Oxygen taken up at 18° C. in 48 hours - 2°25 (9) 0°91 (9) 2°00 0°96 
Dissolved Oxygen taken up at 18° ©: in 5 dsye -1| 7720 + x (9) 2°93 (9) 5°75 + x 2°94 (9) 
Solids in Suspension - - - - 6°3 — 50 — 
Calculated Oxidizability - - - - - : 21°9 TO: 22°6 12°0 
All the effluents of Experiment El, both deep and effluents, and all but one of the shallow, withstood ineu- 


shallow, were of a brownish tint, and practically all were 
opalescent. The suspended solids were brown, excepting 
in the case of the first deep filter effluent, when they 
were black. The first and ninth of the deep filter 
effluents had a strong and slight sewage smell, when they 
came to be analysed, but all the others—both deep and 
shallow—a clean smell. It will be noted that, as in Ex- 
periment D1, the deep filter effluent contained rather more 

suspended matter than the shallow. All the deep filter 


bation. The deep were again rather the better oxidized. 

Frequent notes were made in the course of this 
experiment to the effect that the distribution from the 
trays was fair over the whole time, and that there was 
no sign of ponding on either of the filters, the coke 
remaining clean. 

Comparing the results of Experiments D1 and E1, we see 
that though the tank liquor treated was weaker in the 
latter case, the effluents—apart from suspended solids— 





* Taking, in two instances, two-thirds of the absorption in 3 days. 
1 This figure i is slightly under the reality ; the oxygen was exhausted in two cases. 


t Oxygen exhausted in one case. 


§ Giving credit for nitrite as well as for nitrate. 


|| Taking, in two instances, two-thirds of the absorption in three days. 
I These 1 represent the average of ten estimations, excepting where otherwise noted in brackets. 
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contained rather larger amounts of readily oxidizable 
matter, and were therefore not quite so good. The 
ageregate work done by the filters in El was also 
distinctly less than in D1, about four-fifths, viz. :—4,088 
units by the deep filter and 4,000 by the shallow. The 
average air temperature was higher during D1. 
than during E1. 


Experiment Fl. June 18th—October 31st, 1908, * 

On June 16th and 17th the filters were put out of 
action while three more boards were being removed 
from the deep filter and one from the shallow. Ex- 
cepting, therefore, for one board at the bottom of each, 
the filters were now open to the air on three of their four 
sides. Apart from differences of season and tempera- 
ture, this was the only point in which Experiment FI 











Experiment E1 no doubt covered the period of the differed from Experiments E1 and D1. 
“Spring out-flush,” of solids from the filters, which always 
tends to lower the quality of effluents while it lasts. It | Deep. | Shallow. 
may,’ however, be taken broadly that the removal of ©§ ___-— "5 
the top boards from the filters had no beneficial effect fw on ‘to filters. - : , | 3,000 1,500 
upon the quality of the effluents. The suspended solids Rquivalent to gallons per cube yard | 
of the effluents in Experiment E1 again contained much per day - 4 ; 5 | 125 125 
oxidizable matter. 

The eight samples of septic liquor examined during this period gave the figures :— 

Parts per 100,000. Average. 

Total Nitrogen - - - - . - : - - 4 4°83 to 8°09 - - 6°76 (8) 
“Oxygen absorbed” at 27°C. at once - - - - - 2 1°90 to 4°80 - = ar74 7) 
“ Oxygen absorbed” at 27° C.inZhowrs - - = = - 4°77 to 8°62 - 6°99 (8) 
Solids in suspension - : - - - - - - - 42 to 99 - oy) Side 
Volatile matter in these solids -  - - - - - - 3°7 to 59 - =e GRE BUY 
Solids by centrifuge (vols.) Se ol - . - - 28°8 to 59°5 - - 3879 (8) 
Ratio of solids in suspension to centrifuge solids - - - 14 ikto Dea -1:57 (8) 
Calculated strength (allowing for the abnormal ratio between — 576 


“Oxygen absorbed” at once and in 4 hours ). 


The septic liquor was thus rather stronger than 
in Experiment E1, and distinctly stronger as regards 
nitrogenous matter ; the suspended solids were only a 
trifle higher. The carbonaceous matter of the sewage 
had evidently been digested to a greater extent this time 
in the septic tank, no doubt because of the higher 


temperature for part of the time. The difference in 
strength of tank liquors F1 and E1, while only nominal 
by calculation, was probably rather greater in reality, 
since the nitrogen oxidation stage in biological filtration 
is apparently more difficult than the carbon oxidation 
stage. 


The corresponding effluents gave :— 





Parts per 100,000. 


Deep Filter Effluent. Shallow Filter Effluent. 





Ammoniacal Nitrogen’ =~ 9-9) 9. = ee 
Albuminoid Nitrogen - ie al 2 Z : 
Total Organic Nitrogen"). -  S=00ie-005. 7 1-Eenis 
Nitrous Nitrogense: ev. Sik iin see 
Nitric Nitrogen - - - 3 : Z : 2 
Total Nitrogen (by Kjeldahl) -: - @=- =| ~- Ame 
““Oxgen absorbed” at 27° C. at once - a - 
“ Oxygen absorbed ” at 27° C. in 4 hours =f = - 
Incubator test (by smell) ooh AG ess 2 x 2 


Discs Oxygen taken up from water at 18° C. in 48 
ours - - Se Reg ac ee hata 


Dissolved Oxygen taken up from water at 18 °C. in 5 days 
Solids in Suspension — - - - - - - - 
Volatile matter in these Solids - - - - - 
Solids by Centrifuge(vols.) — - - oe - - 
Ratio of Solids in Suspension to Centrifuge Solids - 


Calculated Oxidizability (giving credit for the nitrite as 
well as for the nitrate) : : : . - ¢ 


Units of purification - - Wie cai ; 





* Tank liquor shut off for 14 hours on July 24th. 
t In two cases, two-thirds of three days. 








Average. Average. 
134 to 3°07 2°35 (8) 2°59 to 4°08 3°30 (8) 
0°24 to 0°43. «0.31 (8) 0°27 to 0°49 ~—-0°36 (8) 
0°37 to. 139-081 (8) 0°48 to 0°72 0°58 (4) 
0°12 to 0°33 0°20 (8) 0°10 to 0°50 ~—-0"29 (8) 
151 to 258 2°16 (8) 0°93 to 2°30 1°46 (8) 
3°81 to 653-552 (8) 3°78 to 6°39 5°36 (8) 
0°65 to 116 ~=—-0"76 (8) 0°68 to 110 ~—- 0°86 (8). 
2°35 to 3°38 =. 2°66 (8) 2°29 to 3°41: 2°86 (8) 
8 + (8) 8+(8) 
0°45 to 1:89 1°52 (8) 0°55 to 7°7+x§1'97 +x (8) 
4°50 to 8°25 +6-47+x (8) | 3°20 to 16°2+4x\|6°55+x (8) 
4°7 to 13'1 7°4 (8) 39 to10°7  6'0 (8) 
3°5 to 75 4°8 (8) 29 to 60 3°9 (8) 
29°8 to 98°4 65°2 (7) 24°4 to 98'4 54°5 (8) 
1:3°9.to 1:14°5,..1:7°7 (7)... 41 :63te 1 eee) 
22'1 26°19 
4,438 3,938 





{ In one case, five-sixths of six days. Oxygen exhausted in one instance. 
§ Or, excluding one very high figure, 0°55 to 1:72 = 1°15 (7). In two cases, two-thirds of two days. 
|| Or, excluding one very high figure, 3:20 to 720 +x= 5°17 + x (7). In one case, five-sixths of six 


days Oxygen exhausted in two instances, 


{ Taking the Organic Nitrogen as being twice the Albumincid. 
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All the eight samples of effluent, in each case, were also analysed after filtration through paper, with the 
following results : -- 


Parts per 100,000. Deep Filter Effluent. Shallow Filter Effluent. 
Average. Average. 
Ammoniacal Nitrogen - - - - - - 1°34 to 3°08 2°36 (8) 2°55 to 4°08 3°30 (8) 
Albuminoid Nitrogen — - - . - - - 0°12 to 0:24 O17 (8) 0°17 to 0°40 0°26 (8) 
Total Organic Nitrogen - - - - - - 0°19 to 1°08 0°49 (7) 0°22 to 0°70 0°37 (4) 
Mura, Nurdeeh Seek ede 0190. 033) 2 £020),-(8) 0°10 to 0°50 ~=—- 029 (8) 
Nitric Nitrogen - - - - - - -.| 1°51 to 2°58 2°16 (8) 0°93 to 2°30 1°47 | (8) 
Total Nitrogen (by Kjeldahl) - - - - - 3°62 to 6°29 5:27 (8) 3°75 to 6°24 S15 4. (7) 
“ Oxygen absorbed” at 27° C. at once - - - 0°27 to 0°61 0°43 (8) 0°35 to 0°70 0°58 (8) 
“Oxygen absorbed” at 27° C. an 4 hours - - - 117 to 1°69 1°37 . (8) 1°57 to 2°00 1°81 (8) 
~ Incubator test (by smell) - - - - - - 8+ (8) 8+ (8) 
Dissolved Oxygen taken up from water at 18° C. in 
eee SL Se re | 8 Oto 043: 403000 8) 9°07 to 05 © *0"39_— (8) 
Dissolved Oxygen taken up from water at 18° C. in 
reg ee SOLEMN RE LS Ciba Pe aN UPL OBA to L704) t0°8Eii,(8) 1:05 to 1°73. {1°31 (8) 
Calculated Oxidizability (crediting nitrite as well as 
nitrate)  - - - - - - - - 59 12°2§ 





Comparing the average figures of the foregoing eight samples, both of deep and shallow filter effluent, before 


and after filtration through paper, we get the figures|| :— 





Deep Filter Effluent. 


Parts per 100,000. 


Shallow Filter Effluent. 











Original. Paper Filtered. Original. Paper Filtered. 
Ammoniacal Nitrogen - - - - Sh 2°36 3°30 3°30 
Albuminoid Nitrogen - > - - O31 0°17 0°36 0°26 
Total Organic Nitrogen - - - - 0°81 0:49 (7) 0°58 (4) 0°37 (4) 
Nitrous Nitrogen - - - - - 0°20 0°20 0°29 0°29 
Nitric Nitrogen - - - - . 2°16 2°16 1°47 1°47 
Total Nitrogen (by Kjeldahl) - - : 5:52 ae] 5°36 ate (7) 

“Oxygen absorbed ” at 27° C. at once - 076 0°43 0°86 0°58 
“Oxygen absorbed ” at 27° C. in 4 hows - 2°66 1°37 2°86 1°81 
Incubator Test (by smell) - - - - 8+ 8+ 8+ 8+ 
Dissolved Oxygen taken up at 18° C. in 

48 hours” - - - - - - 1°52 0°30 1907 + x 0°39: 
Dissolved Oxygen taken up at 18° C. in 

5 days - - - - - - C47, + x 0°86 6°55 + x Eat 
Solids in suspension - - - - - TA — 6°0 — 
Calculated Oxidisability  - - - - oot 5°9 261 jee 





All the foregoing samples of effluent were brownish and 
opalescent or fairly clear, with varying and often large 
quantities of suspended solids, and all of them—excepting 
possibly the shallow filter effluent of October 6th—had 
a clean smell on the day of analysis. The effluents from 
the deep filter again contained the larger quantity of 
solids—an average of 7°4 parts, as against 6 parts in the 
shallow. Every one of the effluents, deep and shallow, 
withstood incubation. 


Only two notes regarding the distributions were made, 
at the middle and end of the experiment, but it was 
evidently fairly good throughout, and there was no sign 
of any ponding on the filters. 


It has been already stated that the septic liquor of this 
experiment was stronger than that of experiment E1— 
probably appreciably stronger. 

The effluents from the deep filter were distinctly better 
oxidized than those from the shallow, but both of them— 
apart from their suspended solids—were of very fair 
quality per se. The aggregate work done by the filters 
amounted to 4,438 units by the deep filter and 3,938 by 
the shallow. This showed an improvement on El as 


* In two cases, two-thirds of three days. 
+ In two cases, five-sixths of six days. 
t In one case, five-sixths of six days. 


regards the deep filter, while the work done by the shallow 
filter remained the same.‘I It cannot be said that the 
removal! of the boards, so as to give a filter open on three 
sides, had any appreciable influence on the purification 
effected. True, the septic liquor treated was this time 
stronger than during experiment E1, but on the other 
hand there was a good deal of very warm weather (though 
with heavy rains in July and August) during the period 
covered by F1, and there was of course no spring outflush 
of solids. 


The oxidizable character of the suspended solids of both 
effluents was even more marked during this than during 
the earlier experiments. 

Throughout the whole of the experiments at Ilford the 
coke remained clean, excepting that there was some 
ponding on the deep filter during experiment E (April, 
1902). There was never any accumulation of fine solids 
in the filtering material. 


These latter filtration experiments at Ilford showed 
how much the quality of the effluents had been benefited 
by putting fine material on the top of the filters, and so 
improving the distribution through the whole mass. 


§ Taking the Organic Nitrogen as being twice the Albuminoid. 

|| These represent the average of eight estimations, excepting when otherwise noted in brackets. _ ; 

‘I [t must not be forgotten that a strict comparison of the work done by a filter during two periods of time can 
only be drawn if the liquor, in passing through the filter, has the same length of contact in both cases (c/. salt 
experiment, p. 246). The coke on the filters at Ilford, however, remained to all appearance quite clean through- 
out the experiments, excepting that the top of the deep filter was ponded in some places during the early experi- 


ment E, in 1902. ' 
correct, sofar as this point is concerned, 


The above comparative figures for work done may therefore, we think, be accepted as 
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Still, though non-putrescible and fairly well oxidized 
‘effluents were now obtained, with a flow on to the filters 
of 125 gallons per cube yard per day of septic liquor, of 
about medium strength, they never reached a very high 
degree of purity, nor was the oxidizing work done by the 
filters more than about half what can be reasonably looked 
for from percolating filters under suitable conditions (¢/. 
the Reports on Experiments at Accrington, Dorking, and 
Rochdale, and on “ Estimation of Work done by Sewage 
Filters,” in this Appendix). : 

It is obvious, from a theoretical point of view, that, 
given sufficient aeration, the degree of purification to be 
obtained from a sewage filter must depend upon the 
leneth of time during which the sewage liquor 1s 1m con- 
tact with the matured filtering material. In order to 
get an approximate relative measure of this “time of 
contact” on percolating filters, careful observe.tions were 
made, both at Ilford and elsewhere, on the time required 
by a given quantity of solution of common salt of known 
strength to pass through the filters. A systematic 
experiment of this kind was carried out for the Com- 
mission by Mr. C. C. Frye, at Bradford, in the year 
1904, and so far as we are aware, this was the first time 
that the plan was tried. Even though a solution of 
sodium chloride, of which very little would be “ad- 
sorbed” by filter material, is not the same thing as a 
sewage liquor containing compounds of ammonia and 
colloidal substances, the different rates at which salt 


solution passes through material of different sizes may 
not unreasonably be regarded as more or less analogous 
to the rates at which sewage will pass. 


A large number of these salt experiments were made at 
Dorking, and full details of the modus operands there, and 
of the results obtained, have been given by Mr. Richards 
in the report on the Dorking experiments in this Appendix. 
Two or three were carried out at Liford by Mr. A. F. 
Girvan ; the last, done on January 9th, 1908, was naturally 
the best, and it may therefore be described shortly. 


About 7 to 8 Ibs. of salt were dissolved in a little more 
than two gallons of water, and the solution was then slowly 
siphoned into the small distribution manhole near the 
filters (in which the flow of tank liquor was divided on_to - 
the deep and shallow filters), with thorough stirring. The 
total flow of tank liquor through the two filters was at the 
rate of 4,500 gallons per day (3,000 + 1,500), or 3 gallons 
per minute. The delivery of the two gallons of salt solu- 
tion into the septic liquor took 24 minutes, and therefore 
the addition of this solution increased the rate of flow to 4 
gallons per minute for about two minutes. The rectangular 
cemented man hole in the channel between the deep and 
shallow filters was covered, as in the preceding salt 
experiment, with a piece of sheet iron. 

Samples of the filter effluents were drawn at the intervals 
specified in the appended table, and the chlorine in these 
samples was estimated by direct titration. 


Sane uenen ene nrc ree ere Se. | 

















: Chlorine found in 
Length of time 
January 9th, 1908. Time of Day. since oe HES Deep Filter Shallgee Bilter 
LOT Effluent. Effluent. 
a.m. Hours. Min. Parts per 100,000 
Salt introduced - - -| 11.40 to 423 78 78 

. . 11.44 Oo pee 874 10°0 

x ‘ 11.45 6-f 10°8 27°2 

45 ‘ 11.46 isa ae 20°7 48°5 

& a 11.47 ope 7 5 770 

: : 11.48 OS 57° 55 pai 

. * 11.49 Oneg GTS 1070 ee 

> 7 11.50 0 10 910 104°2 ; 

s & 11.51 ORI 99°6 105°0 . 

sp F 11.52 oO 12 110°4 102°0 

. : 11.53 0 jn13 117°4 102°0 : 

is +. 11.54 Oo 14 124°0 99°5 

” ” 11.55 O71 15 122°0 96°6 

o 5 11.58 On -18 123°6 90°0 

i a 12.1 OZ 113°0 82°0 

” ” 1274 0 9A 104°0 75°0 | 3-Minute 
“9 9 12.7 0,527 910: 695 Intervals. 

” ” 12.10 6 30 84°6 65°0 { 
er 5 12.13 QO 33 79°0 61°0 

9 “5 12.18 O 38 70°0 ' 55°0 

” “ 12.23 O 43 63 0 52°0 ; 

a $5 12.28 0 48 N85 440 es 
“9 5 12.33 0 53 53°5 45°0 Intervals. 
a9 "9 12.38 Oo 58 490 42°5 i 
ay) = 12,43 1 3 45°5 410 

” ” 12.58 a.m. LAs 35°5 35°0 

” ” 1.13 p.m. 1 33 31°0 32°0 | " 

” e 1.28 jREawES) 26°8 29°6 15-Minute 

ry) a 1.43 2 3 24°4 26°4 Intervals. 

” ” 1.58 Dems 22°4 26°0 

9 “ 2.13 2 33 20°4 26°4 | LH 

é ; -Hour 

” : 2.45 3 5 18 a 17°6 Interval 

: 1-Hour 
” 9 3.45 4 5 166 15°8 Tacs 


The results are given in the accompanying table.* It 
will be seen that they are very similar for the two filters. 
At the very beginning the salt issued more quickly from 
the shallow filter, but by the end of the first hour a rather 
ereater proportion had come through the deep filter. 

The samples were not continued for a sufficient length 
of time to allow of an exact calculation of the “ time 
of contact,” the chlorine in both effluents at the end of 
the experiment being still about twice the normal, viz., 
166 and 15°8 parts per 100,000. Assuming, however, 
that the whole of the salt would have been out of the 
filters in rather more than 4 hours, the average times of 
contact, as judged by the figures for chlorine, come to 
0°96 hour for the deep filter and 1°1 hours for the 
shallow filter, 7.¢., approximately one hour in each case. 

This is considerably less than the time of contact 
obtained with filters of coarse material in the Dorking 
experiments, where something like 2 to 24 hours average 
contact would have been given for the same rate of filtra- 


tion. It is thus clear that the rate of percolation through 
the Ilford filters at this time, and it may safely be said all 
through the experiments, was rather too great to allow of 
the production of high-class effluents. It should be remem- 
bered also that the Ilford septic liquor was fairly strong, 
and that it contained a good deal of sulphureted hydrogen. 

These experiments therefore point to the advisability, 
when filling with coarse material a filter which is not very 
deep, of having that material mot too even in size, as 
otherwise the spaces between the individual pieces may be 
too great, with the result that the passage of the sewage 
liquor is not sufficiently retarded. All through these 
experiments the effluent solids passed very readily through 
the filters, rather too readily, in fact, for their thorough 
oxidation, while the interstices of the coke apparently never 
got sufficiently filled up with semi-solid matter to retard 
the flow through the filter to the degree necessary for the 
perfect oxidation of a septic liquor of medium strength, 
distributed by means of trays. 





* A diagram illustrating the resu!ts is published in the Fifth Report of the Commission (facing page 73). 
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That there ought to be a free base to a percolating 
filter, z.¢., a base which affords thorough drainage and 
offers-no resistance to the free circulation of air, is now 
universally allowed. Mr. Stoddart pointed this out at 
the very beginning of the experiments. The drains of 
the experimental filters at Ilford were so large, relatively 
to the size of the filters, that the base might reasonably 
be looked upon as a free base; still, it would probably 
have been better had it been made absolutely open. 


The main conclusions to be drawn from these experi- 
ments are, we think :— 


1. That a domestic sewage of medium strength, pass- 
ing through a septic tank at a 24 hours’ rate of flow 
(which, of course, gradually accelerates as the studge in 
the tank increases), will for two years give a digestion 
of something like 30 per cent. of the suspended sulids of 
the sewage, or, making a correction for colloidal matter, 
a digestion of about 25 per cent. 


The relatively large proportion of sulphuretted hydrogen 
in the Ilford septic liquor, as judged by its odour and by 
the high ratio of the figure for “oxygen absorbed” at 
once to that for “oxygen absorbed” in 4 hours, leads to 
the conclusion that a quicker rate of flow than 24 hours 
would be advisable, provided that the solids were suffi- 
ciently settled. 


2. Throughout these experiments there was never 
very much difference in quality between the deep and 
the shallow filter effluents, though the deep were usually 
rather the better oxidized of the two, and this, although 
the deep filter possibly got rather more than its propor- 
tionate share of tank liquor. The reason for this some- 
what better oxidation no doubt was that, in a deep filter, 
inequalities of distribution are better neutralized than in 
a shallow one. Given thorough aeration, good distribu- 
tion, and sufficient time of contact of the sewage liquor 
with the filtering material, it would make little or no 
difference whether filters of medium to coarse material 
were built deep or shallow. But since no method of 
distribution is perfect, and since unequal distribution 
means uneven length of contact, it 1s inadvisable to con- 
struct such filters very shallow, 


3. The distribution of the tank liquor on to the filters 
by means of Stoddart trays was found to be much more 
efficient at high than at low rates of filtration per square 
yard. With low rates of filtration per square yard the 
distribution could not be considered good ; it can, how- 
ever, be very greatly improved by the simple device of 
putting some fine material on the top of the filter. 


4. In the earlier experiments the filters were filled 
’ with coarse material only, but in the later ones they 
had a little fine material on the top, to assist the distri- 
bution. In the first half of each series the filters were 
(a) completely boarded in, while in the second half the 
boards were (6) gradually removed until the filters were 


left entirely open to the air on three sides. Unfortun- 
ately, for one reason or another, it was not often possible 
to draw an exact comparison between the filtration re- 
sults of (a) and (6), so as to be able to say definitely 
whether the exposure of the sides to the air was bene- 
ficial or not. In the earlier experiments this did seem 
to have a good effect, but in the later ones—when efflu- 
ents of better quality were being produced—the effect 
did not seem to be appreciable. So far, therefore, as the 
results go, it does not appear to make much difference, 
in the purification effected by a small filter of coarse 
material and of moderate depth, whether the sides are 
open or not, provided the base is free, 


Although this Report is only signed by myself, a very 
considerable share of the work involved in it really 
falls to my colleagues, Mr. ©. C. Frye and Mr. G. B. 
Kershaw. Though this applies more especially to the 
experiment on septic tank digestion (1904-6), it holds 
good for other points also. 


In conclusion, I should like to offer my cordial thanks 
to Mr. H. Shaw, A.M.LC.E., Surveyor to the Ilford 
Urban District Council, and Mr. Percy ‘l'aylor, AM.I.C.14. 
(now Surveyor to the District Council at Hampton 
Wick), for their willing help and co-operation throughout. 
the experiments. To Mr. H. Chittock, Works Manager, 
the general superintendence of the experiments and the 
taking of the daily records were entrusted, and I cannot 
speak too highly of the thorough and reliable manner 
in which he carried out his duties. I would also beg 
to offer him my best thanks. 


From the commencement to the end of the experi- 
ments Mr. Chittock kept daily records, taken at 8 a.m. 
and 4 p.m., of :— 


(a) Depth of sewage at large manhole, a short distance 
above the entrance to the septic tank. 
(6) Temperature of sewage at large manhole. 


(c) as 5» Sewage entering septic tank. 

(d) As », septic liquor leaving tank, 

(e)* & ,» septic liquor going on to deep filter. 
Cf) hs » septic liquor goingon to shallow filter. 
(9) _ » effluent from deep filter. 

(h) a », effluent from shallow filter. 

(2) ” »» alr. . pen! 

(j) air, Maximum and minimum. 


J ” % 
(4) Rainfall (noted 8 a.m.) 


These figures have been averaged and tabulated. A 
very short summary of the respective average figures is 
given in the subjoined Appendix to this report ; but the 
original records, together with a much more detailed 
summary, can be seen at the office of the Commission 
by any one interested in the subject. 


Grorce McGowan. 
December, 1909. 


* e. f,g and h, of course, only when the filters were working. 
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SUMMARY. 


1. The works are about one mile from the centre of the 
town, the nearest houses on the sewerage system being 
about 350 yards distant, and the furthest about four miles. 

2. The distance between the large manhole and the 
entrance to the septic tank is 71 feet ; 11 feet of this con- 
sist of a narrow open channel, along which the sewage 
flows in a very thin layer. 

3. As was to be expected, there was little difference in 
temperature between the sewage in the manhole and the 
sewage as it entered the tank. The average temperature 
of the former was about 1° F. lower in cold weather and 
about 1° to 2° F. higher in warm weather than that of the 
latter. The extremes of temperature were rather less 
marked in the sewage at the manhole. 

4, The average temperature of the septic liquor leaving 
the tank was a little less than that of the sewage entering 
it ; it was, however, only lower in the morning and not in 
the afternoon. 

5. The distance between the outlet of the septic tank 
and the filters is about 700 feet (cf. p. 229). Since tem- 
peratures were only taken for eleven months of the liquor 
as going on to the filters and of the effluents from the 


filters, it is necessary, for a proper comparison with the 
liquor as leaving the tank, to consider the latter in this con- 
nection for those eleven months only. We then find that :— 

(a) The average temperature of the liquor going 
on to the deep and shallow filters was hardly any less 
than that of the liquor leaving the tank ; 

(6) The average reduction in temperature of the 
liquor in its passage through the deep filter was about 
0°6°, and in its passage through the shallow filter 
about 1°8° F. ; 

(c) The extreme average temperatures show a 
greater difference in the case of the shallow than of 
the deep filter effluent, and a greater difference in the 
case of the deep filter effluent than of the liquor 
passing on to the filter, 

6. While the maximum variation in air temperature, 
between August, 1901 and October, 1908, amounted to 
71° F., the maximum variations in the sewage and 
effluents for the times of observation were only 18'1° and 
270° F. (This is not a perfectly accurate comparison, 
since the times covered by the observations are not the 
same; it is, however, sufficiently near for practical 
purposes.) 





QUANTITATIVE EXPERIMENTS UPON SLUDGE DIGESTION IN SEPTIC TANKS AT ILFORD 


.AND EXETER, BY Dr. G. McGOWAN, Dr. A. 


C. HOUSTON, Mr. COLIN C. FRYE, AND 


Mr. G. B. KERSHAW. 


After working for two years in each case, the septic 
tank at the Belleisle Sewage Works, Exeter, and the 
experimental septic tank at Ilford were sludged, and 
the residual sludges were measured and examined, the 
sampling being done with the greatest possible care. In 
both tanks the “flow through” during this period was 
at the rate of once in 24 hours, approximately. 

During these two years,* samples of sewage and of 
septic tank liquor were drawn, according to rate of flow 
of the sewage, in 24 hourly fractions over one day in 
every 15 days, the sampling being thus distributed over 
the different days of the week, As some 40 to 50 such 
samples of sewage and the same number of samples of 





tank liquor were drawn at each place, the mean figures 
obtained from these may reasonably be taken as repre- 
senting a fair average of the whole flow. The flow was 
gauged at Exeter on 46 days out of a total of 727, and at 
Ilford on 394 days out of a total of 730. 

At both places the sewages are domestic in character, 
the Ilford sewage being of about average strength, and 
that at Belleisle about two thirds as strong. The grit- 
settlement at Ilford is much the better. The following 
average figures give an idea of the composition of the four 
liquors (the figures in brackets indicating the number of 
estimations in each case) :— 





Parts per 100,000. 
—-- Exeter (Belleisle). Ilford. 
Septic tank Septic tank 
Sewage. liquor. Sewage. liquor. 
Total Nitrogen - - - - - - 4°47 (47) 4°17 (42) 7°78 (42) 7°56 (42) 
“ Oxygen absorbed” from = permanganate 
at 279 C, (80° F.) at once — - - - 1°62 (36) 1°12 (36) 2°87 (35) 2°78 (35) 
at 27° C, (80° F.)in4 hours - -— - 6°67 (43) 3°88 (43) 10°09 (43) 7°73. (43) 
Solids in suspension - - - - - 24°74 (46) 9°47 (46) 27°33 (45) 10°89 (45) 
Volatile matter in those solids - - - 15°63 (46) 5°60 (46) 19°62 (45) 8°10 (45) 











The average figures for ammoniacal and total nitrogen in corresponding samples, in which the ammonia was 


estimated, were :— 


Exeter (Belleisle). 





Sewage. 

_ Ammoniacal Nitrogen rn 4 - ~ 3°06 (20) 

Total Nitrogen - - - - - - 4°77 (20) 
Ratio of Ammoniacal to Total Nitrogen - T:£56 





Ilford. 





“Septic tank 


liquor. Sewage. a 
3°50 (20) B°85 (15) 6°27 (15) 
4°54 (20) 7°78 (15) 7°46 (15) 

1:1°30 1:1°33 Tea) 








The average figures and ratios for suspended solids and solids by centrifuge (volumes) in corresponding 


samples were :— 


= 























Exeter (Belleisle). Ilford, 
Sewage. bepiee ANE Sewage. Repent 
_Solidsin suspension - - - - - 25'0 (43) 9°6 (43) 27°2 (43) 10°8 (43) 
Solids by centrifuge (vols.) tay = - 148°9 (43) 43°4 (43) 242°6 (43) 75°9 (43) 
Average ratio of solids in suspension to 4 
centrifuge solids - - - - - Toe 145 1:8°9 PTO 














*At Exeter, August 22nd, 1904—June 26th, 1906 ; at Ilford, November 2nd, 1904—August 30th, 1906. 
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Many of the weaker samples from Exeter, both of s 
proportion of their nitrogen in the form of nitrate. 


ewage and septic tank liquor, contained a very considerable 


The Digestion results obtained may be brietly summarised as follows :— 


ei i sir aera eae aEs 





a 

Length of time that the tank ran - - - - 
Number of days on which the flow was gauged - 
Average daily flow of sewage through tank - - 
Volume of Residual wet sludge - - - 
Specific gravity of wet sludge at about 15° C. 
(water at 4° C. (39° F.)=1) - - 2 “ 

f Percentage of dry matter in sludge - - = 
| Containing non-volatile matter - - - : 


_ Digestion. 


Suspended solids in sewage (dry) - 
Dry solids of tank sludge : : « . 
Solids escaping in tank liquor - - = : 


v 
' 
i] 





Solids digested  - — - acale : -  - 
Percentage of solids digested (with no correction 


for colloids) - - - a : : : 





The above specific gravity determinations (as well as 
the determinations of dry matter) were made from 
bottles A.A. in the case of both sludges, 2.e., from what 
were considered the best samples. The bottles were 
kept in ice, and the determination was made between 
two and three weeks after sampling in the case of the 
Exeter:sludge, and one week after sampling in the case 
of the Ilford sludge. With the Exeter sludge it was 
done by direct weighing of a given volume, and with 
the Ilfordeludge by indirect weighing with water, after 


The figures for Cellulose in samples A.A. were :— 





47,842 Ibs. we 
48,537. lbs. } 96,379 lbs. 





“ Cellulose” (by alkali, acid and ether) - = Bi : 





Exeter (Belleisle). Ilford. 
727 days. 730 days. 
46 394 
70,500 gallons. 19,460 gallons. 
5,277°2 cubic feet. 1,267°7 cubic feet. 
10727 1°0720 
13°57" 13°89 
O11 7°66 


126,801 lbs. Bd 38,924 lbs. 
11,756 Ibs. —_ 
15,470 Ibs. } 27,226 lbs. 


11,598 lbs. 





a 30,422 Ibs. — 


24°0 29°9 





getting rid of gas bubbles. The latter is probably the 
better method, though each has its advantages. Other 
determinations, both direct and indirect, were made with 
the samples from bottles B.B. and C.C., the results of 
which did not differ much from those just given. They 
enable us to say that an indirect determination weuld 
not have affected appreciably the Exeter figure for 
digestion (24 per cent.), while a direct determination 
would probably have given for Ilford a digestion figure 
of 30°3, instead of 29°9 per cent. 





Exeter (Belleisle). Ilford. 





- 1°50 per cent. 1°97 per cent. 


“Cellulose” (by alkali, acid and ether, with previous per- 


manganate treatment) - - - Pep 2 





- 0°52 per cent. 0°61 per cent. 








The corresponding figures from samples B.B. and C.C. were not materially different from these. 


In both cases the sludges appeared to he well digested 
(cf. pp. 239 and 251), that from Exeter being more gritty 
and less glutinous than that from Ilford. It is of course not 
advisable to look upon figures for digestion of sludge 
as strictly accurate, but in the above experiments pre- 
cautions were taken to guard against possible errors, 
and we think that the foregoing figures may safely be 
accepted as correct to within about 5 per cent. (e.g. for 
24 per cent. read 22 to 26 per cent., and for 30 per cent. 
read 28 to 32 per cent.) ‘ 


The figures do not take account of the colloidal, or at 
least of all the colloidal, matter present in the sewages 
and tank liquors, and an attempt was therefore made to 
estimate the colloidal (or additional colloidal) matter* in 
five samples each of the Ilford sewage and tank liquor 
and in one sample each of those from Exeter. The 
estimation is a troublesome one, and we require further 
data on the subject, but the average figures obtained 
from the ten Ilford samples may be given :— 


— nw — aaa 


Parts per 100,000. 





Colloidal (or additional colloidal) matter - - 


Ordinary suspended solids, as estimated on a Gooch crucible - - - - 


Sewage. Tank liquor. 
=. = -—* * had (5 35 (a) 
27°3 (45) 10°9 (45) 


a ee EIEEI IEE SINUSES NISSEN 


There thus appears to have been about 1 part per 
100,000 more of colloidal matter in the tank liquor than 
in the sewage. Applying, tentatively, the corrections for 
colloids to the above results, we get the digestion for 
total (including colloidal) solids in the case of Ilford to 
be 23 percent. The Exeter liquors probably contained 


Parts per 100,000. 





(A) Suspended solids of sewage, volatile on ignition 


Minus suspended solids of septic tank liquor, volatile on ignition 


(B) Percentage figure obtained for digestion (leaving colloids out of account) - 


Ratio of (A) to(B)~ - - ie “ 7 4 


Difference - - 


rather less colloidal matter, but a roughly proportional 
correction would bring down the digestion of the total 
(including colloidal) solids to about 20 per cent. 

An interesting ratio in the figures of analysis comes 
out in both cases, which can be best explained by giving 
the figures themselves :— 





Exeter 
(Belleisle). 


Ilford. 





2 15°63 
5°60 


10°03 


ee en eee 


= - - - oe 








* This estimation was made indirectly by filtering (a) one portion of the sewage liquor through asbestos in a 


Gooch crucible, and (4) another portion through a fine-grained earthenware candle, with 


recautions against 


evaporation of either filtrate. Equal volumes of the two filtrates were then evaporated in smal basins, which were 
dried in the same oven at about 105° C. until the weights were constant, or practically so, each pair of 
basins being weighed together, 7.e., the one basin immediately after the other. 
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This ratio, if sufficiently corroborated at other places, 
might be useful as indicating the degree of digestion 
which a domestic sewage might be expected to undergo 
in a septic tank. The same idea as regards a ratio had 
already occurred to Mr. W. H. Harrison, when engaged 
at the Leeds sewage works, and a ratio had been applied 
by him. 

ANALYSIS OF THE EXETER (BELLE!SLE) 

SEPTIC TANK SLUDGE. - 


In the Ilford report (this Appendix, p. 238), the 
analysis is given of the sludge taken from the ex- 


perimental tank there in September, 1906. It is there- 
fore only necessary to give the analysis of the Exeter 
sludge here. 


The sampling of the Exeter sludge extended over 
eight days, from July 19th—26th, 1906. A mixture was 
made of 241 samples, each one taken from a measured 
tumbler cart, and each in proportion to the content of 
the tumbler. From this mixture, bottles A, B, and C 
were filled. On reaching the laboratory the bottles 
were put in ice. Bottle A was regarded as the best 
sample of the three, and bottle C as the worst. 





























Bottle A. Bottle B. BottleC. 
(from middle of mixing | (from top of mixing (from bottom of mixing 
vessel). vessel). vessel). 
Analysis begun - - -— - July 27th, 1906. July 27th. July 27th. 
a b c a b a b 
Total Nitrogen * (by Kjeldahl) 3042 3165 .315°4 294'3 337°7 313°5 344°3 
Mean - - Ste 312°0 316°0 328°9 
“ Oxygen absorbed” from x per- 
manganate at 27° C. :— 
i EAE. Lac | gche pemageiamiea ty idea Veg | 397°6 412'5 395°3 368°6 350°0 
Mean - - - - 405°9 403°9 359°3 
“Oxygen absorbed” at 27° C. in 
5 on gallate a tT aaa 1956'2 1821°0 1855'8 1772°7 1516'4 17891 
CREA ae a 1888'6 1814°3 1652'8 
Dissolved Oxygen taken up from In 3 days. In 3 days. In 3 days. 
water at 18° C.f 5 i a 4132 405°9 419°1 
Volumes of tap water added for 
1 grm. of sludge - - - 4,245 4,092 3,624 
The percentage of dry matter was almost the samein Gas BIEN between July 27th and August 
: llth, 1906 - - - - - 20°) e.c. 
both of these sludges from Ilford and Exeter, but the ‘ , : 
Exeter sludge contained less nitrogenous and car- Gas si beset August 1ith ee o3'Ste.c 
bonaceous matter, and therefore presumably more grit. Gliaa evolved: betwoentOctober 9th, 1906, and ti 
; : September 29th, 1909 + «- += © - 201 ec. 
Gas Evolution Experiment ; begun July 27th, 1906. Gas remaining in evolution tube, say - - O3cce. 
11°7653 grm. of the wet sludge from (Exeter) bottle A, Total gas from 11.7653 grm. wet sludge - - 63°6 e.c. 


containing 13°57 per cent. of dry matter, were placed in 
a bottle of 378 c.c. capacity, that of the evolution tube 
being 5 c.c. The bottle and tube were then filled up 
with distilled water containing 5°9 c.c. oxygen per litre, 
and the gas evolved was collected in fractions, as before. 
The following fractions were measured (reduced to 0° C. 
and 760 m.m Mercury pressure) :— 


(making no correction for the dissolved oxygen in the 
water taken). 
The volume of gas given off under the above con- 
ditions of experiment was thus about 40 per cent. 
greater than in the case of the Ilford sludge, so far as 
can be judged from the small samples taken. Still, the 
above volume of gas is not very large, the sludge having 
evidently been fairly well digested in the tank. 


The following table summarizes shortly the gas evolution results from both sludges :— 








Weight of wet 
sludge taken 





(grms). 
Ilford - - - - - - - —:16°658 
Exeter - - - - - - - 11°765 


Capacity of 
water bottle and 
evolution tube. 


Oxygen in solu- Total gas 
tion in the water | evolved, reduced 
used (c.c.) to’ Ne Pa(eed: 


(C.6,). 
386 2°33 64°0 
383 2°25 63°6 








We would desire to express our thanks to Mr. Golding, 
City Engineer at Exeter, and Mr. Marden, Manager of 
the Sewage Works; also to Mr. Shaw, City Engineer at 
Ilford and Mr. H. Chittock, Manager of the Sewage 
Works, for their help in connection with the foregoing 
work. Mr. Marsden and Mr. Chittock were responsible 





for the regular sampling of the sewage and septic tank 

liquor throughout the two years in question. : 
GEORGE McGOWAN. 
A. C. HOUSTON. 
COLIN C. FRYE. 


December, 1909. G. B. KERSHAW. 








* For the estimation of the nitrogen and of the 


“oxygen absorbed” from permanganate, a weighed quantity 


of sludge (about 12 grms.) was made up to 1,000 c.c. with distilled water ; the mixture would have been better 
had the sludge been ground up with the water. From this mixture the following quantities were taken : 


For Nitrogen (by Kjeldahl)  - : : 


For “ Oxygen absorbed ” at once - - 


For “ Oxygen absorbed” in 4 hours - - 


100 c.c. 
25°C.6: 
LOT GIG. 


+ The dissolved oxygen used up varied from 13 to 15 per cent. of the total present. 
t It is just possible, but improbable, that a little gas may have been lust here. 
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PRELIMINARY LABORATORY EXPERIMENTS ON THE BIOLOGICAL PURIFICATION 
' OF SEWAGE. BY DR. A. C. HOUSTON. 


DESCRIPTION OF APPARATUS. 


The apparatus used in the experiments is shown in 
figure 1 (diagrammatic). 

The large vessel (I) contained the liquid to be treated- 
When the stopcock was very slightly opened the liquid 
dropped into the funnel and gradually filled the bottle (H). 
After a certain interval the liquid siphoned over into the 
bottle (G)and escaping therefrom was splitintotwostreams 
by the Y tube, the two arms (J. and K.) of which were 
fitted with fine nozzles, and allowed approximately equal 
volumes of the liquid to spurt into separate funnels. One 
funnel was connected with bottle (KE) which was main- 
tained at such a temperature as to kill the bacteria 
present in the liquid, other than those present in the 
form of spores. he other funnel was connected with a 
similar bottle (F) which was not heated. The liquid 
from bottle (E) escaped from time to time into the bottle 
(C). The bottle (C) was surrounded with cold water, 
for cooling purposes, contained in a suitable vessel which 
(although this is not shown in the diagram) also contained 
the bottle (D). The liquid from bottle (C) siphoned 
over, along the tube (N) into an open vessel (Y). 
Similarly, the liquid from the bottle (D) siphoned over, 
along the tube (M) into another open vessel (Z). From 
the vessel (Y) the liquid siphoned over into the perforated 
tray lid of the filter (A). The perforations were covered 
over with a layer of small bits of coke. In the same 


way the liquid from the vessel (Z) siphoned over into the 
perforated tray lid of the filter (B). Here also there was 
a layer of coke. The temperature of the liquid reaching 
the filters was about the same in each case. The liquid 
when it siphoned over into the perforated tray lids of the 
filters (A and B) spread over the surface, and escaping 
slowly through the small perforations was thus distributed 
over the surface of the coke. The filters gradually filled 
and eventually the liquid siphoned over. The coke 
(passing 3” but rejected by 4” mesh) was, in each filter, 
supported on a perforated false bottom. The coke had 
not been used previously for sewage purification purposes. 
Filter A., when empty, had asiphon capacity of 3,667 c.c. 
When filled with coke the liquid capacity was 1,925. 
Filter B. when empty had a siphon capacity of 3,610 c.c.. 
and when filled with coke the liquid capacity was 
reduced to 1,790 c.c. 


The experiments being on a very small scale pre- 
sented many practical difficulties. But, of course, the 
object of the experiments was not to achieve a 
maximum degree of purification, but to try to throw some 
light on the nature of some of the biological processes 
which bring about the purification of sewage. It was 
hoped subsequently to carry out experiments on a much 
larger scale and under improved conditions, but this has 
not been found practicable. 


OBJECTS OF THE EXPERIMENTS. 


It is very difficult to describe the precise objeets of 
the experiments about to be detailed. In carrying out 
research work one is sometimes led to carry out experi- 
ments, and to vary them, without much more than a 
sub-conscious hope that the results may, in one way or 
another, yield a little fresh knowledge, or help, directly 
or indirectly, to throw some new light on previously 
ascertained facts. At all events, I can lay no claim to 
having started the experiments with a “cut and dried” 
programme of procedure, or with fully crystallised ideas 
of the exact way in which the initial experiments were 
likely to develop, or even with a clear conception of 
their precise bearing on the many problems associated 
with the purification of sewage. Incidentally, in carry- 
ing out the experiments, I have reached certain provi- 
sional conclusions which may be of some little interest. 
Nevertheless, I trust that the unpretentious character of 
the experiments and the tentative nature of the conclu- 
sions will be borne in mind. 


In the first series of experiments it was sought to 
compare (chemically and bacteriologically) the effluent 
from two similar (initially sterile) filters, the one (filter 
B) receiving “unheated sewage,” and the other (filter A) 
sewage previously heated, so as to kill all microbes other 
than those present in the form of spores. 


In the second series of experiments the treatment was 
reversed, with the idea of comparing (chemically and 
bacteriologically) the effluent from a filter (filter B) 
‘““matured ” in the ordinary way to start with, and then 
treated with sewage in which all the bacilli (but not their 
spores) had been killed, with the effluent from a filter 


(filter A) falsely (as it were) “matured ” with sporing 
bacteria to start with, and then treated with sewage 
unaltered by heating. 


In the third series of experiments the object was to 
see the kind of chemical and_ bacteriological effluent 
yielded by a now mature filter (filter A), when instead of 
being treated with sewage, it was dosed with sterzle 
sodium chloride solution. As regards B filter, no altera- 
tion was made at this stage. 


In the fourth series of experiments it was sought to 
determine the chemical and bacteriological qualities of 
the A filter effluent when, after prolonged treatment 
with sterile sodium chioride solution, a return was made 
to normal treatment with sewage. As regards B filter, 
no alteration was made at this stage. 


In the fifth series of experiments the tests were 
directed towards finding out the effect on the B filter 
effluent of changing the dose from sewage previously 
heated to 80°C. to sewage completely sterilised by means 
of heat. As regards A filter, the conditions remained 
the same as in the fourth series of experiments. 


In the sixth series of experiments it was sought to 
discover the effect on the effluent from A filter (now again 
matured) of changing the dose from sewage to dilute 
sterile (by Pasteur filtration) urine. As regards B filter, 
no alteration was made at this stage. 3 


Jn the seventh series of experiments the object was to 
note the result of treating the A filter with a sterile 
“irrea mixture” in place of dilute urine.. The B filter 
still continued to treat sterilised sewage. 
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FIGURE 1. 


‘The Commission will remember that Mr. Colin Frye 
carried out a series of experiments at Leeds in which he 
showed that, although a mature filter could not appreci- 
ably oxidise sewage sterilised with corrosive sublimate, it 
could oxidise steam sterilised sewage. Further, that a 
sterile filter could not appreciably oxidise sterile sewage. 
Later, Dr. McGowan showed that a mature filter could 
oxidise pot ale (previously diluted with water and neu- 
tralised with lime).* Allusion should also be made to 
experiments carried out, at the suggestion of the Com- 
mission, by Mr. Harrison at Leeds, in which he dosed a 
mature sewage filter with potable water for some time. 
The effluent resembled one resulting from the treatment 
of a highly dilute sewage. 





* In connection with the subject of disposal of distillery refuse, reference should be made to an important paper by 
Mr. James Hendrick, B.Se., F.I.C., dated May 31st, 1901, on “The Composition and Disposal of Burnt Ale and other 


Waste Liquids of Whisky Distilleries,”’ 


\ 
\ 


IT have to acknowledge the valuable assistance of Miss 
Power and Miss Hartley throughout the whole course of 
the investigation. During the later stages of the ex- 
periments, I had also the great advantage of the help and 
advice of Dr, Harriette Chick, who has carried out many 
instructive investigations on the nitrification of sewage. 
Since this report was written some important work by 
Dr. Gilbert Fowler and Mr. Percy Gaunt on “The Inter- 
action of Dilute Solutions of Ammonium Salts and 
various Fitering Media” has been published (July 15th, 
1907. “Journal of the Society of Chemical Industry,” 
No. 13, Vol. XX VL) 
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Ist Series of 
Experiments. 
A filter treats 
** heated ” 
Sewage ; 

B filter treats 
** onheated ” 
Sewage. 


a ee ee 


B. coli test - - i alee : x 
B. enteritidis sporogenes test - - -  - 


Total number of microbes (agar at 37° C.) - 
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ist SERIES OF EXPERIMENTS. 


A Filter treats “heated” Sewage ; 


January 18th, 1903. 


The experiments were started on January 18th, 1903, 
by sterilising the whole apparatus (with the coke in situ) 
by passing through it first a strong solution of copper 
sulphate, then a weak solution of acid, next a weak 
alkaline solution, then a strong solution ef formalin, and 
finally sterile water. 


January 19th, 1903. 


The liquid to be treated (contained in bottle I.) 
consisted of equal parts of paper-filtered Hendon crude 





Dilute Sewage. 
Per c.c. 


B Filter treats “ unheated,” Sewage. 


sewage and tap water. The liquid was started dropping 
continuously from the large vessel (I) on the evening of 
January 18th. It is important to note that the flow 
(dropping) was continuous and as far as possible uniform 
in rate, because at a later date the method of treatment 
was altered. 

Between January 19th and February Ist, Filter A had 
received 18, and Filter B 21 fillings. 

On February Ist, a bacteriological analysis of the 
liquid being treated, and the effluent from A and B 
filters was made. The results were as follows :—* 


Ettuent from 
A filter (treating 
sewage previously 


Effluent from 
B filter (treating 
sewage not previously 





heated) t heated). 
Per c.c. Per c.c. 
100,000 (typical) None 10 (typical) 
100 1 1 
2,300,000 488,000 6,100 


a 


It will be noted that although the effluent from the A 


filter contained many more microbes than the B filter 
effluent B coli was absent from 1 c.c. of the former. 


B. coli test = é 3 = a fs Z 





B. enteritidis sporogenes test -  - tees 


Total number of microbes (agar at 37°C.) _—- 


Dilute Sewage. 
Per c.c. 


By the morning of February 6th, filters A and B had 
received 24 and 27 fillings respectively. The resulting 
effluents were examined chemically and bacteriologically. 


Effluent from 
B filter (treating 
sewage not previously 


Effluent from 
A filter (treating 
sewage previously 


heated). heated). 
Per e.c. Per c.c. 
100,000 (typical) None 1,000 (typical) 
100 it 10 
2,400,000 1,490,000 123,000 


TT EE EE ee 


Here also the effluent from A filter contained a far 


larger number of microbes than the effluent from B filter. 
But whilst the former contained no B, coli per c.c., the 


heated). heated). 
February 6th - = : = m : 2 1°50 *43* 53t 
(24 fillings) (27 fillings) 
5 sp RLU Mle oo a eect eee ‘91 whe *5g* 
P (26 fillings) (28 fillings) 
Wie. eee ek axes 2, eet "84 66 5 
(27 fillings) (29 fillings) 
5s 8th - - 2 Z 2 : = "82 *48 "36 
. (28 fillings) (30 fillings) 
RM) Wale ea chs pore kk orm ak oe 1°34 eis 28 
(30 fillings) (32 fillings) 
Averages - - 4. - - 1082 0°534 0°452 
50 per cent. , 58 per cent. 
purification. purification. 
* Three stoppered bottles (a, b, ¢,) were completely filled with (a) the liquid being treated, (b) effluent from 
filter A, and (c) effluent from filter B. To each was added a trace of tartrate of iron. The bottles were incubated. 


at 30° C.for one month. The cont 
occurred. 


in the form of spores) by heating the ]j uid to 
kill B. coli, B. proteus, ete. + i 
it will-be understood that both th 


latter contained 1,000. 
As regards the chemical results, these are incorporated 
in the following table -— 


Oxygen absorbed from permanganate o of potassium, 4 hours at laboraiory temperature. Parts per 100,000. 
(The standard solution used contained 0°395 grammes K.Mn.O, in one litre). 


1 Throughout this report the word “ heated ” 


Dilute Sewage. 


Effluent from 
5 filter (treating 
sewage not previously 


Effluent from 
A filter (treating 
sewage previously 


¢ 80° C. for over ten minutes. 
As the heating operation was subsequent to the mixing 
y e tap water and sewage were heated (see Fig. 1 an 
+ These samples were tested for nitrites and yielded negative results. 





ents of (a) became black, but in the case of (b) and (c) no blackening 


implies the destruction of all microbes (other than those present 
This treatment, of course, would 
of the tap water with the sewage 
d description of apparatus). 
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The actual results were thus not good and the per- 
centage degree of purification unsatisfactory ; the effluent 
from filter B was somewhat better than the effluent from 
filter A. 





Dilute Sewage. 





Per c.c. 
B. coli test -.- - - - - 10,000 
(typical) 
B. enteritidis sporogenes test - 10 
Total number of microbes (agar at 
DiC thetn, ce otestitad os 1,200,000 





It will be noted that again the effluent from the A 
filter contained no B. coli, but a large number of microbes, 
whereas the effluent from the B filter contained 100 B. 
coli, but a smaller number of microbes. 


Dilute Sewage. 


lied Per c.c. 
Bucolifest =e eT 10,000 
(typical) 
B. enteritidis sporogenes test - 100 
Total number of microbes (agar at 
CO Nig PS dint. hla ae 2,300,000 


As before the effluent from A filter, although it con- 
tained no B. coli, contained a much larger number of 
microbes than the efiluent from the B filter. 


On February 10th, the liquid being treated and the Ist Series of 
effluents from A filter (31st filling), and B (34th filling), Experiments. 


were examined bacteriologically with the following A filter treats 
results :— mentee 
= : Sewage ; 
Ettuent from Kttuent from B filter treats 
A filter (treating sewage | B filter (treating sewage « unheated” 








previously heated). not previously heated). Sewage. 
Per c.c. Per c.c. 
None 100 
(typical) 
1 10 
900,000 56,000 





On February 11th, the liquid being treated and the 
effluents from A filter (32nd filling) and B (36th filling) 
were examined chemically and bacteriologically. The 
bacteriological results were as follows :— | 


Effluent from Kttluent from 
A filter (treating sewage | B filter (treating sewage 
previously heated). not previously heated). 


Per c.c. Per c.c. 
None 1,000 
(typical) 
None 1 
260,000 57,000 





The chemical results are given in the following 


' table :— 


Oxygen absorbed from p2rmanganate of potassium, 4 hours at laboratory temperature. Parts per 100,000. 


—— Dilute Sewage. 





February llth -~— - os 1°48 
i a ar 1°58 
Le, a a 1°36 
oo er 1:28 
ee 1°04 

Averages - - - - 1°34 


Effluent from 
B filter (treating sewage 
not previously heated). 


Ettuent from 
A filter (treating sewage 
previously heated). 


“38 378 
(32 fillings) (36 fillings) 
°46 * 48 * 
(34 fillings) (38 fillings) 
48 * 44, * 
(36 fillings) (40 fillings) 
b4* ft 48 * + 
(37 fillings) (42 fillings) 
"51 * “468 * 


(38 fillings) 


(43 fillings) 


‘47 ‘45 


64 per cent. purification. | 66 per cent. purification. 





It may be noted at this stage that the purification, 
although not great, was about the same for both effluents 
and that nitrification had apparently not set in in either 
case. 


Dilute Sewage. 


ae Per c.c. 
B. coli test - - - = - 100,000 
(typical) 

B. enteritidis sporogenes test - 100 
Total number of microbes (agar at 

37-.) - - = = 1,200,000 
Urea fermenting microbes - 1,000 
Nitroso-bacteria (nitrzte producing 

Mateetiaye ke mms 10 


On February 16th the liquid being treated and the 
effluents from A and B filters (40 and 45 fillings respec- 
tively) were examined chemically and bacteriologically. 
The bacteriological results were as follows :— 


Effluent from Effluent from 
A filter (treating sewage | B filter (treating sewage 
previously heated). not previously heated), 





Per c.c. Per c.c. 
1 1,000 
(typical) (typical) 
1 ) 10 
940,000 12,000 
10 100 
10 100 





In this instance a few B. coli appeared to have 
-escaped destruction in connexion with the A filter pro- 
cess of treatment. Broadly, however, the results, as 
previously, showed that the A filter contained many mi- 


crobes but almost no B. coli, whereas the B filter effluent 
contained a much smaller number of bacteria and con- 
tained also B. coli in abundance. 





* Effiluents tested (with meta-phenylene-diamine) for nitrztes with negative results, 


nitrates (phenol-sulphonic method) with negative results. 


{ Effluents tested fcr 


eieteeiteie nen 


Ist Series of 
Experiments, 
A filter treats 
“heated ” 
Sewage ; 

B filter treats 
“ unheated ” 
Sewage. 


256 


As regards the chemical results these are incorporated in the following table :— 


Oxygen absorbed from permanganate of potassium, 4 hours at laboratory temperature. Parts per 109,000. 





if 

















pt Effluent from A filter (treating | Effluent from B filter (treating 
ms a - Dilute Sewage. sewage previously heated). | sewage not previously heated), 
bs ‘916 *52 “46 
a ehraaree | "(40 fillings) (45 fillings) 
eb eee | 1356 58 * “44 # 
ef | (41 fillings) (47 fillings) 
18th - | 1°520 50 49, 
be (42 fillings) (48 fillings) 
19tl - 1184 “64 50 
* ; | (44 allinge) _ (49 fillings) 
ie DOE 1:200 60 * 544 
(45 fillings) (50 fillings) 
Sos, SB lati aye 1-080 56 46 + 
(46 fillings) (51 fillings) 
Averages 1209 ‘567 ‘470 | 
| 53 per cent. purification. 61 per cent. purification. 











ee 


It will be noted that, as judged by the permanganate 
test, the purification effected was not great but was 
nearly the same in each case, hos 

On the afternoon of February 21st the liquid to be 


2 parts of filtered sewage and 1 part of water (2 in 3 
instead of, as previously, equal parts). 


On February 22nd, 23rd and 24th the following results 


were obtained :— 


treated (2. in bottle I.) was increased in strength to 


Oxygen absorbed from permanganate of potassium, 4 hours at laboratory temperature. Parts per 100,000. 
—_—__  —or_aoor ————— 











. Effluent from A filter (treating | Effluent from B filter (treating 
ted ti Dilute Sewage. sewage previously heated). | sewage not previously heated). 
February 22nd_~—s- iheae. ‘66 "64 
(48 fillings) (53 fillings) 
pc dard oni 1°36 7 "704 
(50 fillings) (54 fillings) 
~ 24th - | 1036 "70 616 
| : (52 fillings) (55 fillings) 
Averages | 1'305 65 vnc 653 
47 per cent. purification, 


| 
| 
) 





50 per cent. purification. 


a a 


On the afternoon of February 24th unfiltered and 
undiluted but settled sewage was used in bottle I. for 


the first time. 


results were obtained :— 


On February 25th, 26th, 27th and 28th the following 


Oxygew absorbed from permanganate of potassium, 4 hours at laboratory temperature. Parts per 100,000. 


| 














Ee | Peet | Effluent from A filter (treating | Effluent from B filter (treating 
tha sewage previously heated). | sewage not previously heated). 
February 25th ~~ - 4°20 1°26 1°44 
(54 fillings) (57 fillings) 
hs 4°36 1°76 1°84 
(55 fillings) (58 fillings) 
rg 74 ee 4:49 1°48 194 
(56 fillings) (59 fillings) 
5 ROE 2°80 2°00 ee Ry 
| (57 fillings) (60 fillings) 
Averages 3°96 1.62 : 173 
59 per cent. purification. 56 per cent. purification. 











EERE REEEEEREEEe rr ee ee ee ee 

At this stage the actual results were so unsatisfactory had an unpleasant sour smell: Moreover, some of the con- 
that after A filter had dealt with its 58th filling and nections of the apparatus showed signs of blocking. Up 
B filter with its 61st filling the experiment was stopped _ to this stage the filters had been lightly covered over 
temporarily. The filters showed signs of “sickening” and with cloths to keep out the dust. The cloths were 


* Tested for nitr7tes with negative results. } Tested for nitrates with negative results. 
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removed and other minor alterations made, but before 
describing these it will not be amiss to epitomise very 
briefly the results obtained up to this point. 


SUMMARY AT THIS STAGE, 


Bacteriological Results—It will be remembered that 
‘the liquid going to A filter to be treated was 
subjected to a preliminary process of heating. 
Although the heating arrangements were not 
altogether satisfactory the main object was attained, 
namely, to kill all bacteria not present in the 
spore form. Broadly, the liquid was subjected for over 
10 minutes to a temperature which never fell as low as 
65° C. and never rose above 80° C. It is possible, 
however, that sometimes the liquid may have been 
slightly over-heated or even under-heated. 

B. colt Results—The liquid being treated contained 
from 10,000 to 100,000, the effluent from B filter from 
10 to 1,000, and the effluent from A filter no B. coli.* 

Total Number of Microbes.—The average number of 
bacteria in the liquid being treated, the effluent from 
A filter, and the effluent from B filter was 1,880,000 ; 
815,600 (56 % reduction) ; 50,820 (97 % reduction). 

It is apparent that the effluent from the A filter con- 
tained many more microbes than the effluent from the 
B filter, despite the fact that in the case of the former 
the non-sporing bacteria (e.g., B. coli, B. proteus, etc.) in 
the liquid being treated were destroyed by the pre- 
liminary heating process. 

Chemical Results—The results were striking inas- 
much as the percentage purification effected by the two 
filters was very similar, notwithstanding that in the one 
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Wafer afl 80 c. 


paraaaes 
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case (A filter) the microbes (e.g., B. coli, B. proteus, etc.) Ist Series of 
commonly thought of as associated with the process of Experiments. 
purification had been destroyed by heat. The degree of A filter treats — 
purification effected, however, was unsatisfactory, and “ heated 
no oxidised nitrogen was present in either effluent. Sewaze ; 


B filter treats 
The average figures were as follows: -- ‘unheated ” 


Oxygen absorbed from permanganate (4 hours at laboratory Sewage. 
tempera‘ure). Parts per 100,000. Average of 23 samples. 


Liquid being | Effluent from A | Effluent from B 
treated, filter. filter. 
74 
1°702 (56% purification.) (58% 





*705 
purification.) 


The tentative inference arising from a consideration 
of the foregoing results is that the sporing bacteria in 
sewage are capable themselves of effecting some measure 
of purification (so far as oxidation of the carbonaceous 
matter is concerned) of sewage, and that the presence of 
such non-sporing bacteria as B. coli, B. proteus, etc., is 
not essential to the purification process. It is here 
assumed, however, without, perhaps, sufficient warrant, 
that filter A owed none of its purifying ability to 
microbes accidentally entering the filter from outside 
(e.g., from air or dust). 

On March Ist the heating vessel E was removed and 
a more efficient apparatus substituted. (See Figure 2.) 
Further, the rate of flow was greatly increased and long 
periods of rest allowed. Previously the flow was ex- 
cessively slow but continuous. 


Heated Liquid 
going 10 A filter 


Bunsen 
Gurner 


FIGuRE 2. 
The chemical results during the next few days may be given in a table as follows :— 


Oxygen absorbed from permanganate, 4 hours at laboratory temperature. 


Parts per 100,000. 











Effluent from Effluent from 
Liquid being treated; A filter (treating B filter (treating 
(settled sewage). sewage previously | sewage not previously 
heated). heated). 
March 2nd - - - - - - - eee is 1°668 
~ os ‘: (59 fillings) (62 fillings) 
elk) oy i 2°2 1°56 1'6 
(60 fillings) (63 fillings) 
ee 8D oo 2°35 12 1°24 
J (61 fillings) (64 fillings) 
| Sd © o 3°29 1:0 1:20 
(62 fillings) (65 fillings) 
POO SES a 3°4 1:04 1:2 
(63 fillings) (66 fillings) 
Daler foaeaiinns eriizro wes 2°8 L-04tt 1:12t+ 
(64 fillings) (67 fillings) 
Ee eccdann ty vistxttn nated: 3°0 1:16 1:32 
(65 fillings) (68 fillings) 
verges o-f y= fen 2°68 125 1335 
“ (53% purification) (50% purification) 











* In one instance the effluent from A filter did contain B. coli in 1 ¢.c., but not in 745 ¢.c., owing, no doubt, to a 


temporary inefficiency of the heating apparatus. 
+ Effluents tested for nitrztes with negative results. 
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t Effluents tested for nitrates with negative results. 
4 1 
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Ist Series of. On 6th, 7th and 9th of, March’ the effluent from A 
Experiments, filter was tested bacteriologically. No B. coli were 
A filter treats found in 1 ¢.c. 

pea The chemical results still remaining unsatisfactory, the 
B filter treats tate of flow was greatly diminished, and shorter periods 
<‘ ynheated” of rest given between each contact. As time went on, 


Sewage. 


Oxygen absorbed from permangana'e of potassium, 4 


8 


‘however, the rates of: flow ahd periods of rest were 
constantly varied in the hope of improving the purifica- 
tion. It appears unnecessary to describe in detail these 
variations, and it will suffice to give tables illustrating 
the chemical and bacteriological results, with notes, as 
regards dates and number of fillings. 


hours at laboratory temperature. Parts per 100,000. 





Liquid being treated 


(settled sewage). 









Effluent from B filter 
(treating sewage not 
previously heated). 


Effluent from A filter 
(treating sewage pre- 
viously heated). 


Mareh, 10th >. esewsgsete doe ae 27 
pros Tithe one tt Yo seitaengs 3 
Made) teaeap endear si tology 27 
4. 18th s- Sabai; ie 2 , 45 
sing VAD lee 2°5 
eis 6thy a nottere 2lteuy cat 388 
th on ee 3°2 
sy RLSthe ue sates ae me 3°4 
gp USE spoke ee 3:4 
9 2 ee. = - - - - 2°9 
yy ee eords = - - . - 50 
secede. - 5. Mier ae 3°0 
ROS Ne 50 ce ee 3'8 
7 ARSE a 5° oe 2'6 
=. Sheet ee. oe 3°8 
3) SSH Tota tae 55 
% oe, 52 

April3rd - + - - - 3°6 
A ath. - - oo - 2°5 
vy. Sth Sea icine are 3°7 

AVePAges : <" = nee ee 3°55 





On March 22nd, 23rd, 24th, 25th, 26th, 27th, 28th, 
29th, and April 3rd, 4th and 6th, the effluents from A 
and B filters were tested for nitrites. The former (A) 


gave negative and the latter (B) positive results in each 
instance, 


On March 22nd and 28th, and April 4th and 6th, the 
effluents were tested for nitrates, A filter yielded 
negative, and B filter negative on the two former, but 
positive on the two latter occasions. 


Nitrification was thus absent in the case of filter A, 
but as regards filter B nitrites first appeared in the 
effluent and later nitrates, 


Tt will be noted that although filter B showed signs of 





commencing nitrification, 











1°08 
(66 fillings) 


12 
(67 fillings) 
1°36 
(68 fillings) 
S20 
(69 fillings) 
1°20 
(70 fillings) 


; 1°2 
(71 fillings) 


1°24 

(72 fillings) 
1°44 

(73 fillings) 
lege, 

(74 fillings) 
1°88 

(75 fillings) 
2°24 

(76 fillings) 
1°88 

(77 fillings) 
1°60 

(78 fillings) 
1°48 

(79 fillings) 
1°40 

(80 fillings) 
1°72 

(81 fillings) 


2°08 
- (82 fillings) 


1°80 
(84 fillings) 
1°60 
(85 fillings) 
1°40 
(86 fillings) 








1°32 

(69 fillings) 
1°36 

(70 fillings) 
156 

(71 fillings) 
1°44 

(72 fillings) 
1°44 


— (78 fillings) — 


1°52 

(74 fillings). 
1°68 

(75 fillings) 
1°68 

(76 fillings) 
1°96 

(77 fillings) 
2°4 

(78 fillings) 
2°76 

(79 fillings) 


2°16 

(80 fillings) 
2°4 

(81 fillings) 
2°44 

(82 fillings) 
2°40 

(83 fillings. 

2°64 

(84 fillings 
2°88 

(85 fillings) 
2°48 

(87 fillings) 
2°20 


_ (88 fillings) 


2°12 
(89 fillings) 


1536. ‘ 2°042. 
(56 per cent. purification.) | (42 per cent. purification.) 


the percentage degree of 





purification as judged by the permanganate test was 
actually greatest in the case of filter A.. In both cases 
the purification was unsatisfactory. 


A number of comparative analyses of previously heated 
and “unheated” sewage were made, but as judged by 
the average permanganate figures, there was no indica- 
tion that the heating altered the sewage to any material 
extent. 

On March 10th, 11th, 12th, 13th, 14th, 16th, 17th, 
18th and 19th, the effluent from A filter was tested for 
the presence of B. coli. No B. coli were present in 1 ¢.c. 
of effluent. 
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On March 28th a more complete bacteriological analysis was made, with results as follows :— 





Liquid being treated 
(settled sewage). , 
Per c.c. 


Effluent from A filter | Effluent from B filter 
(treating sewage pre-| (treating sewage not 
viously heated). previously heated), 


Per c.c. Per ¢.c; 

B. coli test - - tn ee - - 100,000 None. 10,000 

B. enteritidis sporogenes test - - $82 1,000 10 1,000 

Total number of microbes (agar at 37° C.) - 19,200,000 1,360,000 92,000 
(92 per cent. reduction)|(99 percent. reduction) 

Urea fermenting microbes - - Boy Are 10,000 11 1,000 

Nitroso-bacteria (nitrite producing bacteria) - 100 None. 10,000 





It will be noted that, as before, the effluent from A 
filter contained many more microbes than the effluent 
from B filter. But, also as was previously noted, the A 
filter was purifying the sewage despite the destruction, 
by heat, of all but the spores of bacteria. Nevertheless, 
at this stage the B filter only was nitrifying the 
sewage. 


On April 7th the coke was taken out of the tray lids 


Oxygen absorbed from permanganate, 4 hours at laboratory temperature. 





eee ee 
0 eee 
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Ue ee 
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I 2 ll hi is aia ua aa a aa 


preOeh aeON GuenE SE - et Ataoil- to 


Averages - - - - - 


Liquid being treated 
(settled sewage.) 


of both filters, the perforations in the trays were cleaned 
by means of sterile water, and bent pieces of 
sterile wire were placed in the holes, the idea being to 
improve the distribution over the coke in the filters. 

The filters were then re-started, and the results of the 
chemical analysis of the effluents during the ensuing 
fortnight were as follows :— 


Parts per 100,000. 


Effluent from A filter | Effluent from B filter 
(treating sewage pre-| (treating sewage not 
viously heated). previously heated). 


31 1°12 1°64 : 

(87 fillings) (90 fillings) 
31 96 1°48 

(88 fillings) (91 fillings) 
2°54 ‘88 1:36 

(89 fillings) (92 fillings) 
2°16 1:0 12 

(90 fillings) (93 fillings) 
2°74 116 1°4 

(91 fillings) (94 fillings) 
2°49 1°08 1°32 

(92 fillings) (95 fillings) 
3°9 1°36 | 1°56 

(93 fillings) (96 fillings) 
2°8 » SRD 1°2 

(94 fillings) (97 fillings) 
5°0 1°24 1°48 

(95 fillings) (98 fillings) 
3°09 1:09 14 


(64 % purification) | (54% purification) 





As regards nitrztes, all the effluents from B filter, 
except the last, yielded positive results, although some- 
times only traces were present. All the effluents from A 
filter gave negative results. ; 

As regards nitrates all the B filter effluents yielded 


distinctly positive results, but all the effluents from A 
filter gave quite negative results. 

Two of the sets of the samples were tested for free 
and albuminoid ammonia,* with results as follows :— 


Parts per 100,000. 





Liquid being treated 
(settled sewage). 


Free. | Albuminoid. | 
April 18th - - 7°72 64 
3) 20th B°74~ 112 


* The results, throughout:the report, are expressed in terms of free and albuminoid ammonia, not in terms of free and 


albuminoid nitrogen. 
6225. App. IV. 


(treating sewage previously 





Effluent from A filter Effluent from B filter 


(treating sewage not pre- 





heated). viously heated). 
Free. Atbuminid Free. | Albuminoid. 
3088 576 4°688 "224 
““5°888 "256 3°888 °416 


2L2 


 1st.Seriés of 


Experiments. 
A filter treats 
“ heated ” 
Sewage ; 

B filter treats 
‘¢ unheated ” 
Sewage. 


Ist Series of 
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One set of samples was examined bacteriologically on April 15th, with results as follov;s :— 








Experiments. 
“ cme eee ; Effluent from A filter Effluent from B filter 
Bester Liquid being treated : . 
Sewage ; a ttled sewage) (treating sewage (treating sewage not 
B filter treats ra (se D phils hee previously heated). previously heated). 
“unheated ” erie Per c.c. Per c.c. 
Sewage. : & 
B. coli test - Meprd - - 100,000 None. _ 1,000 
B. enteritidis sporogenes test - 1,000 ae 10 
Total number of microbes (agar at 
BAe. st. Gone 960,000 450,000 28,000 
Urea fermenting microbes -~ - 10,000 110 10,000 
Nitroso-bacteria (nitrite producing 
bacteria) - - - - - 100 1 * 100,000 








On April 20th, after A filter had dealt with 95 fillings 
and B filter with 98 fillings, a temporary modification in 


the method of working was made. 


Figure 3). The stopcock was closed, and when the filter 
syphoned over, the stopcock was opened slightly so as to 


allow the filter to empty very slowly, instead of as 
To the outlet end of each syphon tube a T-piece with before, very rapidly. 
stopcock and vertical glass tube was attached (see 


=F 


\E 









The results between April 20th and May 2nd were as follows :-— 


Oxygen absorbed from permanganate, 4 hours at laboratory temperature. Parts per 100,00). 





eine a ee 
April 21st - 2 : : z 


» . 220d = - - - : 
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Liquid being heated 
(settled sewage). 





3°9 


5°52 


4°75 


4°76 


5°73 


4°80 








Effluent from. A filter 
(treating sewage 


Effluent from B filter 
(treating sewage not 





previously heated). previously heated). 

1°36 1°40 

(96 fillings) (99 fillings) 
1°68 1°44 

(97 fillings) (100 fillings) 
2°16 2°08 

(98 fillings) (101 fillings) 
2°16 1°88 

(99 fillings) (102 fillings) 
2°08 1°48 

(100 fillings) (103 fillings) 
2°28 1°80 

(101 fillings) (104 fillings) 
2°08 1:44 

(102 fillings) (105 fillings) 
2°48 : 1°88 

(103 fillings) (106 fillings) 
2°88 


1°64 
(107 fillings) 


oo 


(104 fillings) 


; 167 
(54 per cent. purification) | (64 per cent. purification) 
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As regards nitr¢tes, it is important to note that all the 
samples of A filter effluent now gave a distinctly positive 
“result. This, no doubt, accounts for the higher figures 
yielded by the permanganate test, as the nitrzte would 
per se reduce the permanganate. The effluent from B filter 
now yielded only traces of nitrzte. 


In respect of nitrates an opposite result was obtained, 
A filter yielding practically none, whereas B filter gave 
results as follows :— 


April 21st, 22nd, 23rd, 24th, 25th, 27th, 28th, 29th 
and May 2nd: 2, 2, 1°9, 2, 2°3, 3°0, 2, 3, and 2°5 parts 
per 100,000 (average = 2°38). 


It will thus be seen that the history of B filter was in 
no way peculiar, except that nitrification was long 
delayed. But the usual sequence of events took place, 
namely, at first some purification but no nitrzte or nitrate 
production. Later nitrite, but no nitrate. Later still 





Liquid being treated 





relative disappearance of nitrétes and presence of Ist Series of 
nitrates. Experiments, 
sat A filter treats 

On the other hand, A filter giving somewhat parallel « heated ” 

results as regards oxygen absorbed from permanganate Sewage ; 

behaved quite differently as regards nitrification. For a B filter treats 

long time the effluent contained no nitrdtes or nitrates. ‘‘ unheated ” 

Later traces of nitr’te appeared, and as time went on the Sewage. 

nitrzte was present in such amount as partially to vitiate Snpat 

the permanganate results. No nitrates, however, were Speer ten! 

formed. It is difficult to explain the presence of nitrztes ; 

unless on the assumption that either some nitrzte-pro- 

ducing bacteria in some way entered the filter and 

multiplied therein, or that nitrites can be formed by 

sporing bacteria. The latter explanation, however, 

would be considered erroneous by Winogradsky and 

others. 


Four sets of samples were examined for free and 
albuminoid ammonia, with results as follows :— 


Effluent from A filter Effluent from B filter 











(treating sewage (treating sewage not 
hea ee Sewage). previously heated). previously heated). 

Free. Albuminoid. 7 Free. Albuminoid. Free. Albuminoid. 
Wprkele.. = \yesebie s~ 6°44 1:04 5°488 304 3°788 256 
» 24th + - - - - 10°12 1°44 8688 “416 TBS ae 416. 
Rey ae, = i 9°72 1:24 8688 368 7888 336 
May 2nd - - - - - 6°72 64 2°448 368 1808 336 

Pe oe amo os hoe. | tow te, Se on “ 

Averages hls eee 8°25 1:09 6'°328 364 5'163 ‘336 

| | (66 per cent. (69 per cent. 

| purification.) purification.) 





One set of samples (May 2nd) were examined bacteriologically with results as follows :— 





Liquid being treated E 
—— (settled sewage) 





fluent from A filter; Effluent from B filter 
(treating sewage (treating sewage not 
previously heated). | previously heated). 





Per c.c. Per c.c. Per c.c. 

Peadiqey) 90-0) ep Sea 10,000 1 10,000 

_B. enteritidis sporogenes test - - - - 1,000 10 100° 
Total number of microbes (agar at 37° C.) - 1,450,000 171,000 130,000+ 

Nitroso-bacteria (nitrite-producing bacteria) - 1,000 - 1,000 10,000 





As previously, the effluent from A filter contained the 
most bacteria. B. coli was present in 1 c.c. but not 
z ¢.c. Possibly the heating apparatus was temporarily 
inefficient, but compared with the 10,000 per c.c. in the 
B filter effluent, B. coli may be said to have been 
practically absent in the effluent from the A filter. The 
nitrite-producing bacteria, however, were numerous in 
the A filter effluent, which accounts for the nitrztes 
observed in the chemical analysis of this effluent. The 
nitrite-producing bacteria were also numerous in the B 
filter effluent, although no nitrites were found on 
chemical analysis, but this result was due to complete 
nitrification ; and it is customary to find that the effluent 
from a mature sewage filter yields on chemical analysis 
nitrates, but practically no nitrztes, and yet shows on 
bacteriological analysis numerous nitrite-producing 
bacteria. 


On May 2nd a radical alteration was made in the 
method of working. In connexion with the foot of each 


filter a small hole was bored in the position marked * in 
Fig. 3. By means of a bent piece of wire inserted in 
the hole, the liquid escaping from the filter dribbled into 
a funnel which rested in the mouth of a glass bottle. 


The filters were now worked as continuous filters with 
periods of complete rest. The working period was about 
two hours and the resting period about 22 hours. The 
filtrates were measured each day. 


The filters were worked in this manner from May 3rd 
to May 29th (both inclusive), during which period they 
dealt with volumes of settled sewage as under :— 





A filter (treating sewage | B filter (treating sewage 
previously heated). not previously heated). 
37,840 c.c. 36,220 c.c. 


Ist Series of 
Experiments. 
A filter treats 
* heated ” 
Sewage ; 

B filter treats 
“unheated ” 
Sewage. 
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The chemical analyses of the effluents yielded results as follows :— 
Oxygen absorbed from permanganate, 4 hours at laboratory temperature. — Parts per 100,000. 


Liquid being treated 


(settled sewage). 








May 3rd iniesng i ie heated 2°5 
tr ee Sao h ey oan 29 
polbbhs anh gti te ain 2°3 
Pe6bh Gee iy ie sree ke! wae gee 2°5 
jooreTth xetenectzicn ayhtek ‘oat 33 
SRB En PETE Mean 2°5 
Reet) Remeeeercr em ceetig 2 19 
»: Lith, »vernd geet neti a 2°5 
dat was Seah a dae 2°0 
Tae 1) ence y oitec Ss Sante aa 2'1 
32 Mth ees 1h ef aie 2°9 
., bth, hee ae) ae te ete 2°7 
yy ROU GS =tiae See 3°6 
po StaL Pr = ere 2°6 
fA oth, ia ee ees ee 3°5 
3p Ot b= 2 ee ea 2°5 
jy 218ts MY” ene aan ee 3°2 
22nd .4- “AA ee 3°7 
sppeOTa.”” f= gigi Tee Gals 4°0 
S  26th fee ee ee 3°0 
3 POUL eee Gon ee er eee 3°8 
OST bes estar Se aeons 3°4 
ooo. g- e e  oee 5°2 
SOD = ee ee 5°8 

Averages- - - - 3'1 





Effluent from B. filter 
(treating sewage not 


Effluent from A. filter 
(treating sewage 








previously heated). previously heated). 
2°20 1°68 
2 04 -1°40 
2°12 1°44 
2°28 1:20 
2°20 116 
2°12 /1°24 
1°96 1°00 
2°04: 1°00 
1°76 92 
2°00 "84 
1°92 88 
1°72 96 
2°10 1°30 
1°96 88. 
2°12 1°08 
2°28 1:00 
2°60 1°16 
2°68 1°20 
2°56 1°48 
2°48 116 
2°40 132 
2 40 1:28 
2°56 116 
3°08 1°88 
2°23 119 


(28 % purification). (61 % purification). 





These results, however, so far as the A filter is con- 
cerned, are misleading. This effluent contained nitrites 


‘in considerable amount, which, as well as the oxidisable 


matter, reduced the permanganate, thus rendering the 
results of indeterminate value. 
As regards nitrates, the effluents from A filter invariably 


_gave a positive result, and usually the reaction was very 


marked. The effluentfrom B filter on the other hand either 
gave a completely negative result or only slight traces. 


In respect of nitrates an opposite result was obtained. 
The A filter effluent, except on one occasion when the 
result was doubtful, always yielded negative results. 
The efluent from B filter always gave positive results, 
and the average amount of nitrate, based on 24 separate 
analyses, was 1°7 (parts per 100,000). 

Eleven sets of samples were examined for free and 
albuminoid ammonia. 


Parts per 190,000. 











Splat eee: " 
Liquid being treated | "(treating dewae "|b (eRe aera 
: previously heated). previously heated). 

| Free. | Albuminoid. Free. Albuminoid. Free. Albuminoid. 
May Sth i ad Oe ee 2°72 36 5°088 294 3888 224, 
4 Pothidssatl® stp engl ats 2°72 "84 2°288 144 2048 "144 
SCT i ee ee oe 62 2°294 "152 1:944 136 
iy MIS Accu oop ae Leh 2°86 ‘46 2°344 136 1984 "128 
pina | ere ag inet aed oe ah ot: 4°96 “48 97144 132 1944» "136 
79th <=, Seales 5°86 "68 3°624 168 B44: “152 
es aA coe Sm coe 2a ae 5°86 52 3864. 160 3-744 .160 
5 Modders gulcok vee 3°56 "38 3°874 ‘160 | 3°744 144 
GOEL oy ap ee Oe 6°46 "44 2984 144 - O°744 "128 
GN yf PRE ete trek oad oo. 6°56 “80 4°064 "294 3544 | 168 
Pha SOtR ea sicisisn 3 cae ee 8°16 1.02 5°184 "344 5°064 ‘272 
Averages -  - -| 484 6 3°425 18 |, 8108 | (163 
(70 % (73 % 

purification). purification). 
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It will be noted that, as judged by the albuminoid 
ammonia test, the effluents from A and B filters gave 
approximately the same degree of purification, namely, 
70 and 73 per cent. respectively. 


Fourteen sets of samples were examined as follows :— 


Stoppered bottles were filled completely full of the 
various liquids, each bottle having first received 10 drops 
of a one per cent. solution of tartrate of iron. The 
bottles were incubated at 30°C. for periods varying 
from 24 to 39 days. Each set comprised samples of the 
following liquids :— 


(a) Settled sewage (not heated); (6) settled sewage 
(heated, under same conditions as liquid going on to A 
filter) ; (c) effluent from B filter (not heated) ; (d) effluent 





Liquid being treated E 
(settled sewage). 





from A filter (heated). It is to be noted that both (a) Ist Series of 
and (4) invariably turned black ; (c) never turned black, Experiments. 
except the last sample, which showed some blackening ; A filter treats 
(d) sometimes showed a black colour which varied in «heated 


‘degree, but at other times no blackening was noted. Spec ga chi 
The bacteriological analyses yielded results as ‘unheated ” 
follows :— Sewa 


On May 5, 7, 8, 9, 11, 12, 13, 14, 15, 16, 18, 19, 21, 22, 
23, 25, 26, 27, 28, 29, the effluents from A filter were 
examined for B. coli. With one exception (May 9th + 
1 c.c.;—‘lec.) no B. coli were found in 1 cc. of the 
samples. 


On May 6th and 20th, a more complete bacterio- 
logical analysis was made with results as follows :— 


fluent from A filter | Effluent from B filter 
(treating sewage | (treating sewage not 





Sor previously heated). | previously heated), 
Per c.c. Per c.c. Per c.c. 

B. coli May 6 100,000 None. 100,000 
.coli- - - - = m t) 20 10,000. None. 10,000 
Shoat. 1 10 10 
B. enteritidis sporogenes test - - (ee a Soi 10 10 
Total number of bacteria (agar at {May 6 6,600,000 1,080,000 1,010,000 
37°C.) » 20 2,300,000 1,000,000 400,000 
ce F May 6 1,000 1 10,000 
Nitroso-bacteria - - - * . 20 100 ~ 10,000 100,000 





It will be seen that, as previously, the effluent from 
A filter contained more microbes than the efiluent from 
B filter. Further, whereas the effluent from B filter 
contained from 10,000 to 100,000 B. coli, the effluent 





from A filter contained no B. coli in 1 c.e. 
In brief summary of the foregoing results the - 
effluents from A and B may be compared as follows :— 





Bacteriological Results. 


Total number of Microbes 4 5 2 hy 
Cee) 
Chemical Results. 





Oxygen absorbed from permanganate  - - 


Albuminoid Ammonia-~—_ - u = . 4 


Nitrztes - - - - - - - - 





Roce) ey oe gc or 


2nd SERIES OF EXPERIMENTS. 


A filter now treats “unheated” Sewage; B filter now treats “ heated” Sewage. 


On the evening of May 29th an important alteration 
in the experiment was made. ine 
Y interchanged with Z(& called Z) & Z with Y (& called Y) 
M ” ” N &N ” M. 


(See Fig. 1.) 


So that in future B filter (mature, previously treated 
with “ unheated ” sewage) receives heated sewage, and A 
filter (not entirely mature, previously treated with 
“heated” sewage) receives “ wnheated” sewage. 


Effiueat from A filter. 


Very numerous, and more in 


Only 28 % purification, but 
results inconclusive owing 
to presence of nitrztes. 
70 % purification. 


Present in relatively large 


Effluent from B filter. 


Also numerous, but less in B 
than A 


A. than B. . 
10,000 to 100,000 per c.c. 


None in 1 c.c. 


61 % purification. 


73 % purification. - 


Practically absent. 
amount. 


Absent.* 





1°7 parts per 100,000. 





2nd Series of 
Experiments. 
A filter now 
treats 

‘“ unheated ” 
Sewage ; 

B filter now 
treats 

* heated ” 
Sewage. 


The results obtained under the new conditions from 
May 30th to June 23rd may be summarised as follows :— 


During this period the fiiters dealt with volumes of 
settled sewage as follows :-— 





A filter. 
27,985 c.c. 


B filter. 
29,840 c.c. 





age ee a eee a ee ee ee ee ee ee 


* It is conceivable, however, that if the experiment had been continued still longer, nitrates might have 
appeared in the A filter effluent. But in this connection it should be noted that from April 20th to May 29th the 
A filter effluent produced nitr:te in conspicuous amount, and if this was merely preparatory to nitrate formation 
the delay in the production of the latter was inexplicably long. 


2nd Series of 


Oxygen absorbed from permanganate (at laboratory temperature). 
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Parts per 100,000. 








Experiments. 4 : Effluent from A filter Effluent from B filter 
Aspitor DO Liquid being treated (now receiving (now receiving 
ena kat 3 ee (settled sewage). “unheated” s. sewage). “heated” s. sewage). 
Sewage ; 
B filter now 3 minutes. 4 hours. 3 minutes. 4 hours. | 3 minutes. |. 4 hours. 
heated # 
Sewage. May 30th, 1903 - = - - 59 = 2°92 — 2°08 
June dat. ie) n- Cars = 4°5 a 3°22 = 1°80 
Wi apd f Si. Wt? 3 = 40 -- 3:44 — 1°84 
ape Pine ee at — 3'2 — 2°60 — 1°52 
ha eas - 24 4°6 1°72 2°84 6 1°32 
{DEGREES oe : Se 5:6 — 3°00 a. 1°80 
Sac. (1 maaivetantas -| oo = 44 = 3°00 aS 1°52 
pate of iat : 2°3 4-2 1°68 2°88 68 1°56 
eee bhi eine : m 4°9 — 3°36 ae 2°32 
RE) Spat ns - 1°6 37 2°12 3°28 80 1°76 
GWEN tae oo” 5 a] 5'1 1°24 2°52 “60 1°56 
, I2thioon ieee <= 50 me 2°64 a 1°60 
jst ee : 16 3°6 1°08 2°40 "16 1-60 
SR OY aie = et: 30 1°04 1°96 56 1°36 
iy ROLY ee ais “99 2°9 Baz 180 48 1°20 
pegs We anager: = - | 1°3 a3 "824 1°72 60 1°20 
1 Bthw ee mie 13 33 "72 1°64 52 1°08 
oot Oba. cake : 9 25 60 1°60 56 1°32 
<= OCH aEtaae : 8 2'2 56 1°48 40 104 
» gand 3 « - 81 1'9 56 1°28 48 1°04 
Book Hee «2 z "84 20 52 1°28 “44 1°08 
Averages - 1°46 3'8 1°03 : ‘57 15 
(36 per cent. (60 per cent. 





It will be noted that the purification (4 hours’ absorp- 
tion) in effluents A and B was 36-and 60 per cent. 
respectively. Butif we deduct the difference between 
the A and B 3 minutes’ absorption figures from the 
4 hours’ A filter absorption figures, the percentage 
purification equals 48 instead of 36. Moreover, it will 


May 30th 
June Ist - 
evinces 
Pra cies 
a eat 
oti 
42 66h 
5 8th 
» 9th 
» 10th 
» llth 
5, 12th 
5 13th 
15th 
, 16th 
» Lith 
» 18th 
» 19th 
» 20th 
» 22nd 
» 23rd 





A Filter 
(now receiving 





purification.) 


purification.) | 


be seen that after June 14th the results as regards the 
A filter effluent improved. At or about this period the 
A filter began to produce nitrates with parallel diminu- 
tion in the amount of nitrztes. 

As regards nitrates and nitrites the following results 
were obtained :— 


B Filter 


(now receiving 


“unheated” Sewage).| “heated” Sewage). 








Nitrates 
(2.é., nitrogen as nitrates). 


A Filter 


(now receiving 


“unheated” Sewage). 


Nitrites. 





Practically negative 


Distinct traces 


” ” 





10 
2°0 
10 
10 
1°75 
1°75 
1°75 
1°75 
“75 
1°75 





Strong positive 
result. 


Reaction gradually 
grew less until only 
traces present. 








B Filter 


(now receiving 
“heated” Sewage). 








Only traces. 
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The. effluents from the A filter at first gave a strong 
positive reaction with the test for nitrztes. Later (from 
about June 11th) the reaction gradually grew less, until 
only traces. could be detected. Coincidently with the 
decrease in nitretes, nitrates made their appearance in the 
effluent. Thus the A filter, which previously, when treated 

“with “heated” sewage, showed in the effluents nitrztes 
but no nitrutes, when treated with “wnheated” sewage 
soon ceased to give a distinctly positive result with the 


nitrite test and concurrently’ produced nitrates in 2nd Series of 
appreciable amount. Experiments, 
The B filter, on the other hand, which previously had A filter now 
been matured with “wnheated” sewage and which treats be 
yielded nitrates but only traces of nitrites, remained unheated 


cc to 6 » Sewage ; 
unaffected by the change from “wnheated” to “ heated HL, Beate cite 


sewage. es 
Eight sets of samples were examined for free and ,;, 3 
oe : heated 
albuminoid ammonia. 


Sewage. 


Parts per 100,000. 








Liquid bene treated Effluent from A Filter (now | Effluent from B Filter mow 


























(Settled Sewage). receiving “wnheated” Sewage).| receiving “ heated” Sewage). 

Free. Albuminoid. Free. Albuminoid. Free. Albuminoid. 
June and > 7°76 “86 3°824 216 B44 “224 
OS 5th - - 7°66 ‘ 1°15 4°824 "248 ° 4°744 248 
dR i che 8°96 "66 5544 "272 6'344 26 
oh cbhbh © fet ead 9°86 "72 5944 "248 5544 "252 
Se a 6°66 "592 4744 "29.4 5364 “294 
» 19th - - ‘6°36 a 4°544 *208 4°184 - 208 
ga.22ad be Gia: - 4°36 49 3°144 "168 3°224 176 
hier - - 4°06 *4 37144 "152 3144 © °184 

Averages. - 6°96 ‘687 4464 217 47 299 8 

68% purification 66% purification 





It is apparent that both filters (A and B) were, as 


judged by the albuminoid ammonia test, producing a 


nearly similar degree of purification. 








The bacteriological analyses yielded results as follows : 
On June 2nd, 3rd, 10th, 12th, 19th and 23rd, bacterio- 
logical analyses were made with the following results :— 








Liquid being treated 
—- (settled sewage) 








Per c.c. 
June 
; 2nd 100,000 
3rd 1,000 
10th 10,000 
B. coli. 12th 10,000 
19th 10,000 
23rd 1,000 
2nd 100 
3rd 100 
B. enteritidis 10th 100 
sporogenes test.) 12th 100 
19th 100 
23rd 1,000 
2nd 2,400,000 Set 
| 3rd 10,000,000 | £0 
= 
Total number of / 10th 5,000,000 oe 
bacteria. 12th 13,000,000 205 
19th 9,300,000 | 23 
23rd 500,000 ) $3 
2nd , 10 
3rd 1,000 . 
: 10th 10 
Nitroso-bacteria.| joi, 10 
19th 100 
23rd 100 
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Effluent from A filter now Effluent from B filter now 
receiving “wnheated” sewage.| receiving “‘ heated” sewage. 








Per c.c. Per c.c. 
100,000 1 
1,000 1 
10,000 | 1 
100,000 None 
10,000 | None 
1,000 None 
10 1 
10 10 
100 | 10 
100 10 
100 10 
1 10 
480,000 =, 910,000 ae 
290,000 > oO At least 100,000 is o 
| SS (plates overgrown). BS 
1,070,000 1,600,000 
700,000 ) 25 70,000 \ 3c5 
110,000 23 8,000 | €3 
49,000 17 3 24,000 ) Oo8 
(B. fluorescens liquefaciens 
very numerous.) 
10,000 10,000 
100 1,000 
1,000 10,000 
10,000 10,000 
100 10,000 


RS een pein pemek TORK 
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2nd Series cf 
Experiments. 
A filter now 
treats 

** unheated ” 
Sewage ; 

B filter now 
treats 

“ heated ”’ 
Sewage. 


3rd Series of 
Experiments. 
A filter now 
receives 
sterilesodium 
chloride solu- 
tion ; B filter 
still treats 

“ heated ” 
Sewage. 
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B. coli.—The effluent from A filter, which contained 
no B. coli during the time it had been treated with 
heated sewage, now contained from 1,000 to 100,000 B. 
coli per c.c., as a result of dosing the filter with wnheated 
sewage. daok! 

On the other hand, B filter, which during the time it 
had received wn-heated sewage contained B. coli in 
abundance, now ceased rapidly to yield practically any 
B. coli as a result of dosing the filter with heated sewage. 
This result would seem to indicate that B. coli having 
no essential concern in the purification process failed to 
maintain its existence in the B. filter under the altered 
condition of working. From the epidemiological point 
of view this result is of interest, as it indicates that 
pathogenic microbes (¢.g. B. typhosus) accidentally 
introduced with sewage into a biological filter would be 
most unlikely to maulteply in the filter, and would in all 


3rd SERIES OF 
A filter now receives sterile sodiwm chloride* 


On June 24th, 1903, a complete alteration in the mode 
of working was commenced. 

B Filter.—By blocking the opening of K (see Figure 1), 
double the quantity of settled sewage was allowed to 
pass along J. The B filter thus received twice the 
volume of heated sewage. Later, however (J uly 2nd), 
as the filter showed some signs of deterioration the 
rate of flow of the settled sewage was somewhat reduced. 


probability be either washed out of the filter, or, if 
retained in the filter, rapidly lose their vitality. 

Total number of Microbes.—The results were variable 
and the figures do not lend themselves to comparative 
treatment. It will be remembered that previousiy the 
effluent from A filter always contained more microbes. 
than the effluent from B filter. On the whole this state. 
of things was not altered by the altered conditions of 
working, but it is conceivable that if the experiment had 
been continued over a longer period the effluent from B 
filter might in time have contained more bacteria than 
the effluent from the A filter. 

_ Nitroso-bacteria.—The result showed that the effluents 

from both filters contained more nitrite producing 

bacteria than the sewage, but the effluent from B filter 

eeetned more of the microbes than the effluent from 
ter. 


EXPERIMENTS. 
solution ; B filter still treats “heated” sewage. 


A Filter.—This filter had gradually become mature 
after treating it with unheated instead of heated 
sewage, and was yielding nitrates and hardly any 
nitretes ; it was now dosed with sterile sodium chloride 
solution (0°5 per cent. Na Cl). The tray and vessel Y 
were first cleaned and the sodium chloride solution 
allowed to drop into Y from a convenient apparatus 
(see Figure 4). 





—== 


FIGURE 4. 


From June 24th to July 15th, the following results 


were obtained. 


During this period the filters dealt with volumes of 


liquid as follows :— 








A Filter, ’_ B Filter. 
32,455 ©.c¢. 38 550 

of sterile sodium chloride PEG rt 
SBGIONE of “heated” settled sewage. 





——_— ee EE EE Eee 


* Sodium chloride was added in case distilled water alone might exercise a bactericidal action. 
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Oxygen absorbed from permanganate, 4 hours at laboratory temperature. Parts per 100,000. 





























Meee em Acie | Effluent from B filter | Liquid being treated 
0 ea Sodimnrentoridé (receiving “ heated” on B filter 
solution). settled sewage). (settled sewage). 
June 24th -~ - fA -dditels dows O37* 0°92 19 
ee - . - - - - 0°25 1°00 21 
OR Sa a 0°20 1°08 17 
7 Se 0°10 ‘96 23 
OE ae O11 — ae 
ee O11 116 32 
Se et 013 1°32 29 
July 1st - - - - - - 0°20 1:80 2°2 
a (os Mele Re era 0°29 1°08 42 
dK ' thine hag OS a ale ae 0°28 1°40 2°0 ‘ 
Sah Sy Av EN: ere oe a 0°32 1:00 37 
Se oe See 0°33 1°16 a7 
gigas op ines ae 0'36 116 2° 
ho a 0°33 112 3:6 
Se es 024 92 25 
ey Err - - - - - - 0°35 1°32 24 
Og OS 0°29 1°36 4°2 
», llth - - - - - - 0°24 1°24 44 
PER A OA 0°16 ey me 
ee 0°16 1°28 59 
eee hanciiies xia ets 0°16 124 49 
aga tai - -  - - - - 0°17 1°24 aa at 
Averages - -  - - 0°23 118 3°18 
(62% purification.) 








A filter—The filtrate from the-A filter, which at first 
was quite transparent-looking, gradually became more 
and more cloudy. On standing, the particles which © 
caused the cloudiness settled at the foot and clung to the 
sides of the bottle used for collecting the effluent. These 
solids appeared to be of a flocculent nature and were 
probably derived from the organic deposit which had 
previously collected on the surfaces of the coke particles. 

It will be noted that even at the end of the experiment 
the filtrate contained an appreciable amount of oxidis- 
able matter. The average amount was 0'23, so that in the 
aggregate the organic matter yielded up by the A filter 
was considerable. From June 27th to 30th the amount 
of organic matter leaving the filter was less than during 
the first few days of the experiment and seemed to have 
reached a fairly constant figure. But from July 1st 
to 11th the figures were higher and this appeared to 
coincide with the presence in the effluent of the floccu- 
lent deposit already referred to. After the latter date 
the amount of organic matter in the effluent again 
became less although it was still quite appreciable. 


B filter—The B filter previously matured with wn- 
heated sewage continued to purify the heated sewage 
and effected a purification of 62 per cent. 


NItRITES AND NITRATES. 

A filter——During the whole of the period (June 24th 
to July 15th) the effluent from the A filter yielded faint 
traces of nitrztes and appreciable traces of nitrates 
(about ‘1 but less than ‘2 parts per 100,000). Apparently 
the nitrifying bacteria persisted in the filter and con- 
tinued to act on the organic matter which had accumu- 
lated on the surfaces of the coke. 

B filter—During the above period (June 24th to 
July 15th) the effluent contained only traces of nitrcte. 
Twenty analyses on different days of the effluent as 
regards nitrates gave an average of 1°36 parts per 
100,000. 


FREE AND ALBUMINOID AMMONIA. 


Twelve sets of, samples were examined for free and 
albuminoid ammonia with the following results:— 











A. Filter. Parts per 100,000. 
Free Ammonia.t Albuminoid Ammonia.t 
A filter Effluent, A filter Effluent. 
Mame 24th=- - “-‘h.ce - 012 "0224 
.. USC pas RE eee Old ae 012 "0225 : 
Peach SA See aneer 3 0136 0222 
a fit ee 016 0176 
ct tee ‘0136 016 
>. 2oth= - - - - - ‘0176 02 
July Ist - - - - - 0352 *0248 
Mee Stee senate he 056 "0336 
ee LOtRS oo p= eee ees °0576 "0544 
Meo ca eke Seat 0816 0424 
eal 13th -Disie 4h baralond: 0544 0392 
=a 153 ge ae eae tee F oe "0424 "0304 
Averages = + - 0343 ‘0288 ns 





* The oxidisable matter in the sodium chloride solution 
above figures. 








was also determined and allowed for in calculating the 


t The free and albuminoid ammonia in the saline solution was also determined and allowed for in calculating 


the above figures. 
6225.—App. IV. 
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3rd Series of 
Experiments. 
A filter now 
receives 
sterilesodium 
chloride solu- 
tion ; B filter 
still treats 
“heated ” 
Sewage. 


3rd Series of 
Experiments. 
A filter now 
receives 
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It will be noted that even at the end of the experiment 
thé effluents contained free and albuminoid ammonia in 
very appreciable amount. In the aggregate a good deal 
of organic matter was washed from the filter. Further, 


sterilesodium gs in the oxygen absorbed from permanganate experi- 


chloride 
solution ; 


B filter still 


treats 
“heated ” 
Sewage. 


B filter. 


ments, there was a time (early part of July) when the 
results were specially bad, owing seemingly to a breaking ~ 
down and washing out of ‘the organic material previously 
stored in the filter. 


Parts per 100,000. 





Free Ammonia. 


Albuminoid Ammonia. 











Settled Sewage 





———i 


Settled Sewage. 











B filter Effluent. (heated). B filter Effluent. (heated 

June, 24th seen ered ke ae 2°74 4°36 152 "38 
» goth - - : 2 = 2°344 4°36 136 “44 

» 26th = - - = 2°244 3°36 “144 36 

Re ese een ae eS 2°344 3°56 192 32 
July (180 eee (Ss et oe 2°644 3°96 "176 32 
Ree ere yh 2944 4°86 176 “42 

es ee 3°334 5°86 168 “42 
Oth Mesa eee : 3544 6°36 168 42 
Dav Se ea 4064 6°66 "184 “48 

nS SLSth = \<.40) oe io 4°864 6°66 "164 38. 
Averages - - - - 31066 5:0 ‘1658 394 








It will be seen that the purification as measured by 
the albuminoid ammonia: test was 57 per cent. The B 
filter, it will be remembered, originally had been matured 
with unheated sewage. Despite the change from unheated 


(57% purification). 


to heated sewage the filter continued its work of 
purification. 

On June 30th, July 4th, 6th, 10th and 15th, Pete 
logical analyses were made with the following results:— 




















Liquid being treated on | Effluent from A filter Effluent from. B filter 
a B filter (examined before | now receiving sodium receiving “ heated” 
‘being “heated ”), chloride solution. settled sewage. 
Per c.e. Per c.c. _. Per cc, 
30th June - 10,000 Negative 1 c.c. Negative. 1.¢.c. 
4th July = 10,000 1 £8 ned 
B. coli. Bil - 10,000 1 9 » 
10th ,,°* - 100,000 None ” sei 
15th ,, 1,000 None ” ” 
30th June 100 1 1 
- ff 4th July 100 1 1 
eel Tee 6th, 1,000 1 1 
10th ,, LOU gal te None oe 
15th ,, 10 None 1 
30th June 300,000 51,000 x 370,000 
Total number of | 4#h July 770,000 72,000 Li 
Se ee a at( 6th _ ,, 2,190,000 390,000 130,000 
a 10th ,, 12,700,000 310,000. 380,000 
15th ,, 600,000 136,000 148,000 
30th June 1 coe 1,000 
4th July 10 10 1,000 
Nitroso-bacteria.( 6th ,, 1 None ; 10,000 
10th ,, 10 Nome 100 
15th ,, 100 None 1,000 








B. coli—The effluent from the A filter which, it will 
be remembered, previously contained from 1 000 to 
100,000 B. coli now contained practically no ’B. coli 
when treated with sterile sodium chloride solution. 

The effluent from the B filter continued to yield a 
liquid free from B. coli. 


Total Number of Microbes.—The effluent from the 


A filter continued to yield bacteria in great numbers 
despite the fact that the filter was being treated with 
sterile sodium chloride solution. Moreover, the number 
on July 6th and 10th was greater than on June 30th and 
July 4th, probably due to the breaking down of the 
organic matter which had accumulated on the surfaces 
of the coke particles. 
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The effluent from the B filter contained an increased 
number of microbes: In this connection it will be 
remembered that it was previously noted that a. filter 
dealing with heated sewage is apt to yield more bacteria 
in the effluent. than a filter dealing. with unheated 
sewage. 


Nitroso-bacteria.—The A filter, despite the fact that 


4th SERIES OF 


A filter aguin treats “unheated” sewage; B filter still treats “ heated” sewage. 


On July 16th the method of treatment was altered as 
follows :— 


EXPERIMENTS. : 


traces of nitrzte and nitrate still appeared in the effluent 3rd Series of 
soon ceased to yield any nitrete—producing bacteria in Experiments. 
the effluent. Presumably, however, some of the microbes 4. filter now 
must still have been exercising their functions in the Tecelves 

body of the filter although not appearing in the effluent. sterilesodium 


The effluent from the B filter continued to yield os 


Nate ; ; solution ; 
pumerous nitrete-producing bacteria. B filter: still 


treats 
* heated.” 
Sewage. 


4th Series of 
Experiments. 
A filter again 
treats 
‘unheated ” 
From July 16th to 30th the filters dealt with volumes Sewage; 
of liquid as follows :— B filter still 














treats 
* heated ” 
B filter continued as before to treat heated settled A filter. B filter. Sewage. 
sewage. : 
A filter was now treated with wnheated sewage 15,400 c.c. 14,945 c.c. 
instead of sterile saline solution. 'The same apparatus Unheated sewage. Heated sewage. 
being used to feed Y syphon. (See Fig. 4.) 





Oxygen absorbed from permanganate, 4 hours at ordinary temperature. Parts per 100,000. 


Liquid being treated 
(settled sewage). 





July 16th - 59 


Effluent from A filter (treating 
“unheated” settled sewage). 





Effluent from B filter 
(treating “ heated” sewage). 








1°44 116 
eT yth 4°8 152 1°44 
Peeicth = - 5:0 1°72 1:48 
ee e0th — - 55 1:48 1:28 
~ 28th - 1°8 1°44 1°24 
5 29th «+- |; 3:4 1°56 1:40: 
SE 2°5 1°84 1'16 
Averages - 413 1°57 1:16 


(62 % purification.) 


(71 % purification.) 





Despite its previous treatment with sterile saline 
solution the A filter was able to produce, even from. the 
outset, a fair degree of purification (62 per cent.) of the 
“ unheated sewage.” 


The B filter continued to deal satisfactorily with the | 
“heated” sewage, the purification here being 71 per 
cent. 


Nitrites and Nitrates. 





























Nitretes. Nitrates. 
Effinent from Effluent from Effluent from Effluent from 
A filter. B filter. A filter, filter. 
SRY 1G <-. - .- [- 2 
Ay ito ole 1°75 
ce 9): ait Cane ai Traces. 2 
MCG@e me = |. - | 2 
1 eee a 2°25 
pes - - | ) Traces. Traces. Distinctly positive. 2 
9 «23 - i - > ” ” 2°5 
eae - - = 1°75 
LE ie ee 1°75 
SE "15 1°75 
9 -B0s.-cytvews © be "15 2°25 

















As regards nitrites the effluents from both the A and 
B filters contained traces of nitrite. 


In respect of nitrates, the A filter efflueut contained 





only an unappreciable a mount of nitrate until about 
July 22nd. Thereafter the amount of nitrate. produced: 
was quite appreciable. The B filter continued to oxidise 
the nitrogenous matter of the ‘sewage. 


4th Series of 
Experiments. 
A filter again 


treats 


‘* unheated ” 


Sewage ; 


B filter still 


treats 
‘heated ” 
Sewage. 


5th Series of © 


Experiments. 
A filter still 
treats 

*“ unheated ” 
Sewage ; 

B filter now 
treats 

“ completety 
sterilised ” 
Sewage. 
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Free and Albuminoid Ammonia. Parts per 100,050. 





























Liquid being treated Effluent from A filter Effluent from B filter 
(Settled Sewage). receiving “ unheated ” Sewage.| receiving “‘ heated” Sewage. 
Free. Albuminoid. Free. Albuminoid. Free. Albuminoid. 
July 17th - - 8°86 38 5°44 136 4°944 184 
» 30th - - 716 36 5'144 : 2 3°944 18 
Averages- - 8'01 ‘37 5292 ‘168 4444 ‘182 
(54 per cent. (51 per cent. 
purification.) purification.) 
Only two samples were examined; the percentage degree On July 29th, a bacteriological analysis was made with 


of purification (albuminoid ammonia) was 54 and 51 as the following results :— 
regards the effluents from the A and B filters respectively. 











Liquid being treated. Effluent from A filter Effluent from B filter 





a Settled sewage examined | receiving “ unheated ” receiving “ heated” 

before being heated. settled sewage. sewage. 

Per c.c. Per c.c. Per cc, 

B. coli test - - - - - 10,000 1,000 None 
B. enteritidis sporogenes test - 10 1 1 
Total number of bacteria (agarat ) 488,000 90,000 118.000 

sy Wal I SS SS) eB i : 

Nitroso-bacteria - - - - 1 100 1,000 








It will be noted that the effluent from B filter con- than the effluent from A filter. The effluent from A 
tained no B. coli, but a larger total number of microbes filter contained 1,000 B. coli per c.c. 


5th SERIES OF EXPERIMENTS. 
A filter still treats “unheated” sewage; B filter now treats “completely sterilised”* sewage. 


On July 31st the following change was made. The experiment lasted from July 31st to August 10th. 
B filter received completely sterclised settled sewage During this period the filters dealt with volumes of 


instead of heated settled sewage. The sterilised sewage liquid as under :— 
was allowed to drop into Z (Figure 1) from a similar piece 


of apparatus to that shown in Figure 4. The siphon A filter. . B filter. 
vessel Z (see Figure 1) was first thoroughly cleaned out, 2 — 
as it was full of sewage fungus. 12,880 ¢.c. of “ unheated” 11,970 c.c. of stertlised 

A filter still received “ unheated” settled sewage. settled sewage. sewage: 


Oxygen absorbed from permanganate, 4 hours at laboratory temperature. Parts per 100,000. 














Liquid being treated Liquid being treated 
on A filter Effluent from A on B filter (com- Effluent from B 
= (“unheated” settled filter. pletely sterzlized filter. 
sewage). settled sewage). 
July Sist-: seta =) oe 2°3 1°64 2'8 2°04 
August Ist = - - - 2°4 1°76 36 1°92 i 
gis i ere See 4°3 1°36 16 1°28 
ete Gite Get 2"5 1°32 12 ‘92 
i RCN ee ee it lor ry 76 
By 5th — - - - 11 1°16 2°2 1°00 
re 6th - - - 4°1 1°20 3°5 1°20 
ed) ee a 41 1°80 2°2 : 1:20 
Averages- - - 2°73 141 2°35 1°29 


(48 % purification). (45 % purification). 








It will be seen that A and B filters effected about the and 1:09 (B filter) parts per 100,000. Thus both filters, 
same percentage purification although dealing with the one (A) dealing with “unheated” sewage and the 
unheated” sewage and sterilised sewage respectively. other (B) with sterilised sewage were producing nitrates 
The effluents were tested for nitrites and nitrates on and traces only of nitrzte. p 
July 31st, August 1st, 2nd, 3rd, 4th, 5th, 6th, and 8th. 
Both the A and B effluents contained traces of nitrite. The filters were rested on August 11th, and on the 12th 
The average amount of nitrate produced was ‘7 (A filter) were worked on fresh lines. 


* That is, sewage heated so as to destroy both spores and bacilli. 
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| -. 6th SERIES OF EXPERIMENTS. 6th Series of 
¥ Pe shea 
A filter now treats “ sterile dilute urine” ; B filter still treats “completely sterilised” sewage. pean 

« steril 
The dilute eater 


On August 12th the A filter, which had been treating sterile urine* in 1000 c.c. of sterile distilled water. & filter. still 


‘‘unheated” settled sewage, was now called upon to apparatus used is shown in Figure 5. trate 
treat daily (except when rested) a mixture of 10 cc. of “ completely 
ee sterilised ” 


~ <9 


Sewage. 








FIGunreE 5. 


The B filter still received steridised settled sewage and during this period the filters dealt with volumes of: 
{1,000 c.c. daily, except when rested), a duplicate piece liquid as follows :— 
of apparatus to that in use in connexion with A filter 





oe 





being used (see Figure 5). A filter. — B filter. 
18,000 c.c. 18,000 c.c. 








The experiment was in progress until September 2nd, of sterile wrine and water. | of sterilised settled sewage, 


Oxygen absorbed from permanganate, 4 hours at laboratory temperature. Parts per 100,000. 





2 














Effluent from A filter Effluent from B filter Liquid being treated on B 
—— (receiving sterile wrine and | (receiving sterzlised settled | _ filter (sterilised settled 
water). sewage). sewage). 
August 18th - - - — 1°29 5°98 
» gldth  . ee 63 1°33 2°93 
we Se "46 1°63 3°45 
ol ee "43 1°49 3°51 
ow) ‘= - - *44 1°22 3°33 
po a1 ce a al — 1°10 2°30 
pepe He TMA "38 1°06 2°69 
ty UES "25 "84 2°23 
A ea a7 ‘87 118 
oo te 36 1°08 3°19 
a a "26 101 3°22 
September lst - -~ - "38 1°16 3°38 
0 a "36 “92 2°46 
Averages - - - 36 ‘ 3°06 
(62 per cent. purification.) 











It will be noted that the A filter, although treated with The B filter continued to purify the sterilised settled 
1 per cent. sterile urine, yielded a filtrate which only sewage, the purification being 62 per cent. 
absorbed ‘36 part per 100,000 parts of oxygen. 


* Pasteur filtered, not heated. 
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ne  UEnEnESEIESEEEEeeee 

















6th Series of iy : 
Heposuners, e Nitrztes. Nitrates. 
A filter now 
treats Phat Effluent from A filter | Effluent from B filter | Effluent from A filter Effluent from Bb filter 
5 Searle. », (treating sterile urine (treating sterilised (treating sterile urine | (treating sterilised 
B filter still i and water). settled sewage). and water). settled sewage). 
treats 
“completely August 18th- -~— - + + 1°75 1°25 
Seats es ee 19th see " + 2°00 1:25 
=, eeS20Gb oS ieee ne + 1°50 1:00 
5 eheedaboss 2 <n + + 2°00 1°75 
Pe teri ay ae Traces. Traces. 300 1°75 
” 24th = * - ” ” 3°50 rash) 
” 25th - < = ” ” 2°50 1°75 
. 26th - - - “ 65 3°00 2°00 
” 27th - eS a ” ” 3°00 1°75 
” 28th - es = ” ” 2°00 1°50 
” 29th a * a ” ” 2°00 1°75 
” 31st - = i ” ” 2°50 1°25 
September 1st - - x cf 3:00 1°50 
” 2nd = a 99 : ” 3°00 2°00 
Averages - - 2°48 : 1°64 











The effluents from both filters yielded at first a and the averages were 2°48 (A filter) and 1°64 (B filter). 
distinctly positive result with the test for nitrztes. Later, 
however, the effluents contained traces only of nitrete. 

As regards nitrates, both effluents contained nitrates, 


Samples were examined for free and albuminoid 
ammonia, with the following results :— 


Parts per 100,000. ° 




















Effluent from A filter (treat- |Effuent from B filter (treating| Liquid being treated on B 
ing sterile urine and water). sterilised settled sewage). filter (sterilised settled sewage). 
Free. Albuminoid. Free. Albuminoid. Free. Albuminoid. 
August 12th - - — — 2°2 23 5°08 » "45 
pe pat eatre = 1°37 "39 — — — = 
atk birt sé Ag 3°04 29 5°88 66 
> Oth eee 3°50 ‘08 — a — — 
sel 20th - - — — 2°97 ‘22 6°30 ‘51 
si 22nd - - 3°34 10 2°73 ; "18 6°38 *30 
yioe Badthyateras 251 02 ee — — a 
fe 26th - - — — 2°04 ay 5°62 23 
alee 7 bee ee 3°45 06 abe" =e a ae 
Reni yer 1 4°58 10 3°23 14 6°28 24 
September Ist - 3°14 "10 ee re er ~ 
Averages - - 3:12 ‘121 2°67 195 5°92 ‘398 
(51 per cent. 
purification.) 

















_It will be seen that, as judged by the albuminoid ammonia test, the B filter effected an average purifica- 
tion of 51% of sterilised settled sewage. 


"th Series of 
Experiments. 
A filter now 
treats 
artificial 
“urea 
mixture”; 

B filter still 


7th SERIES OF EXPERIMENTS. 


A filter now treats an artificial “ urea miature”; B jilter still treats “ completely sterilised” 
sewage. ) 


On September 2nd the A filter received, instead of From September 2nd to December 29th each filter _ 





oo letely sterile urine and water, an artificial urea mixture received daily (except for occasional rests) 1 litre of 
a ilsed” (sterilised) having the following composition :— liquid. The total amounts were :-- 
Sewage, 1 gramme urea _ eal 
a » potassium sodium tartrate A filter | B filter 
a ” 96003 yh fans phosphate 
pale magnesium sulphate 
Distilled water 100 c.c. : rt aig Se | ee ae 


of sterile urea mixture. of sterile sewage. 


The B filter continued t9 treat sterilised settled sewage, 


The results of the chemical and bacteriological examination of the effluents were as follows :— 
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Oxygen absorbed from permanganate, 4 hours at laboratory temperature. Parts per 100,000. 





Effluent from B filter 





Sept. 4th - 


” 
Dee. 


It will be noted that, judged by the oxygen absorbed from permanganate test, the purification effected by the 





7th - 

9th : 
llth < 
14th = 
18th - 
21st 


23rd = 


25th - 
29th - 
20th - 
21st - 
22nd E 
23rd = 
24th - 
27th - 


Averages - 





(treating sterelised 
settled sewage). 


Liquid being treated 
on B filter (stercdised 


settled sewage). 





= a 





B filter was 62 per cent. 











1°05 3°22 
77 2°64 
9! 1°95 
62 1°57 
67 bey Wy ( 
"82 2°75 
78 2°45 
“84 1°93 
1°12 3°22 
“74 - 1°09 
72 2°80 
1°24 3°10 
°80 1°90 
"92 2:00 
"96 2°30 
1:00 2°20 
23 


. 8 6 
(62% purification.) 











Nitrztes. 
fo, Effluent from Effluent from 
A filter. B filter. 
September 3rd_- - - Trace. Trace. 
~ 4th - - 2 Pe 5 
- 5th - - - s ds 
x ‘th - - - a c 
i Sth - : - — -- 
< Sth - - - Trace. Trace. 
e 10th - - - ce re 
s lith - - - A oo 
rn 15th - - - i 3 
nf 16th - - - re ‘5 
- 17th - - - “3 ? 
¥s 18th - - - 1 re 
e 19th - - - . ee 
3s Qist - - - +3 = 
" 22nd - - - - 5 
Wt oie : ee 
ig 24th - - - x A 
* 25th - - - — -— 
ki 28th - - - Trace. Trace. 
ag 29th - - - # i, 
Ss 30th - - - i ‘ 
October 9th - - - = ne 
ele 13th - - - a a 
Rs; 21st - - - 35 53 
on 29th - - - oe ae 
November 6th - - - % a 
a llth - - - a 5 
3 19th - - - r fo 
Ae 25th: - - - a Be 
December 2nd - - - a “3 
- 10th - - - od e- | 
es 16th - - - a 4 
- 21) - 5: e 
* 22nd - - - bs G 
es 2rd - - - 7 7 
BS 24th - - - 5 *s 
a g7th - - - s ¥ 
oF 28th - - - 3 5 
“ 29th - - - . =; 





6225.—App. IV. 




















Nitrates, 
~~ Effluent from Effluent from 

A filter. B filter. 
3°0 20 
2°0 2°0 
2°0 2°5 
2°0 2p 
2'0 vals: 
2°5 | 2°5 
2°0 2-0 
Ld 2°5 
2°0 2°5 
2°0 | 15 
line) Ea 
1°75 2°0 
1°50 2°0 
2°0 2°0 
2°0 2°0 
Py a Ms 
12 2°0 
2°0 2-0 
1K 17 
yey, 2:0 
15 Le 5 
22% 10 

Bs 1°25 
125 125 
1°50 125 
25 ‘75 
20 wie 
evs: NAG 
Wed 10 
2°0 10 
2°0 1°25 
aes: 5 
1:25 "75 
1°25 248 
1:0 “5 
Ls "75 
15 “15 
1°75 75 
2°0 TD 


7th Series of 
Experiments. 
A filter now 
treats 
artificial 

“ urea 
mixture ” ; 

B filter still 
treats 

“ completely 
sterilised ” 
Sewage. 


7th Series of 
&xperiments. 
A filter now 
treats 
artificial 

* urea 
mixture” ; 

B filter still 
treats 

“ completely 
sterilised ” 
Sewage. 


Summary 
and 
Conclusions. 
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Both effluents contained _nitrctes, but the positive 
reaction was more marked in the case of the A filter 


effluent. ; ADAG 
As regards nitrates, the A filter succeeded in oxidising 


the sterile urea mixture, and the B filter the sterilised 
sewage. =a 

Samples were examined for free and albuminoid 
ammonia with the following results :— 


Parts per 100,000. 
































Effluent from B filter (treating sterilised Liquid being treated on B filter 
settled sewage). (sterilised settled sewage). 
ie ee | ioe 
Free. Albuminoid. Free. | Albuminoid. 
September 3rd - . 2°25 ‘03 | 5°92 "13 
5 7th = - 157 “08 4°70 18 
mA LO fa es 1°84 08 5°10 15 
oe TEBE era es 1°69 07 4°57 12 
8 17th - - 2°29 ‘09 4°88 14 
“f 21st - = 1°58 “04 5°26 PA 
4 23rd - - 273 pe 5°06 "12 
2 vd Qdththe getieds 3°10 16 5°96 12 
Oth Meets ae 1°54 08 430 ‘17 
December 22nd - - | 2°414 "192 | 3°86 26 
CS O3rd ame hace 2344 "128 5°36 22 
Averages -  - | 2°122 ‘0963 4°997 1654 
(41 per cent. 
purification.) 

















The purification as measured by the albuminoid 
ammonia test was 41 per cent. 

On December 21st the effluents from A and B filters 
were examined bacteriologically. 

Neither of the effluents contained B. coli in 1 c.c., 


and the B. enteritidis sporogenes test also yielded 
negative results with 1 c.c. 

The A filter effluent contained 100 and the B filter 
effluent 140,000 microbes per c.c. 


~~ 


SUMMARY AND CONCLUSIONS. 


In the first place it is desirable to recapitulate very 
briefly the chief conditions of experiments. 

Two filters (A and B) alike in size, and containing 
similar material were dosed with liquid in the same way, 
the only difference being in the quality of the liquid 
treated. ‘The filters were very small and for this reason 
(besides others) the experimental errors were no doubt 
considerable, so that the results can only be accepted in 
a very broad and general way. As previously explained, 
the experiments were intended, primarily, merely as a 


guide to the carrying out of experiments on a much 
larger scale and under modified and greatly improved 
conditions of experiment. From time to time during the 
course of the experiments many minor modifications in 
the process of treatment were introduced with the object 
of obtaining better purification. These are described in 
the text and they need not be repeated here. 

It may be desirable, however, to give a table showing 
the kind of liquid treated by the two filters during the 
course of the experiments. 








Date. A FILTER. B FILtTer. 
1903. 
Jan. 18th  - | Filter and apparatus sterilised. Filter and apparatus sterilised. 
1st SERIES OF EXPERIMENTS. 
Jan. 19th to | A filter treats “heated” sewage (¢.e:, sewage | B filter treats “ unheated” sewage. 


May 29th. 


spores). 


May 29th to 
June 23rd. 


June 24th to 


July 15th. solution (0°5 per cent.). 


previously heated so as to kill all bacteria 
other than those present in the form of 


2nd SERIES OF EXPERIMENTS. 


A filter now treats “unheated” sewage. 


B filter now treats “ heated” sewage. 


3rd SERIES OF EXPERIMENTS. 


A filter now receives sterile sodium chloride 





B filter still treats “ heated” sewage. 


4th SERIES OF EXPERIMENTS. 


July 16th to 
July 30th. 


July 31st to 
Aug. 10th. 


Aug. 12th to 
Sept. Ist. 


Sept. 2nd to 
Dec. 29th. 








A filter again treats “unheated sewage” as B filter stills treats “ heated” sewage. 
in the second series of experiments. 


5th SERIES OF EXPERIMENTS. 
A filter still treats “unheated” sewage. | B filter treats completely sterilised sewage. 


6th SERIES OF EXPERIMENTS. 


A filter treats dilute sterile urine (1 per cent.). | B filter still treats completely sterilised 
sewage. 
7th SERIES OF EXPERIMENTS. 
A ie treats a sterile artificial urea |B filter still treats completely sterilised 
mixture. 


sewage. 
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1st SERIES OF EXPERIMENTS. 


A filter treats “ heated” sewage; B filter treats “ unheated” sewage. 


January 19th to May 29th, 1903. 


The heating of the sewage may not have been uni- 
formly quite satisfactory, and the possibility of 
accidental infection of the A filter from this cause or 
from the ingress of dust cannot be entirely excluded. 
Making every allowance, however, for imperfections in 
the conditions of experiment, the results seem to show 
that sporing bacteria can purify sewage to a certain 
extent. 


CHEMICAL RESULTS. 


Oxygen absorbed from Permanganate Test.—At first 
hoth filters purified the sewage to about the same extent. 
Later, owing to the presence of nitr?tes, the A filter 
effluent absorbed more oxygen from permanganate. 


Free Ammonia.—The A filter effluent contained more 
free ammonia than the B filter eftluent. 


Albuminoid Ammonia.—Purification as judged by this 
test was not widely different in the two cases. 


Nitrites.—At first neither effluent contained nitretes; 
later the B filter formed nitrztes, which largely dis- 
appeared in favour of nitrates. On the other hand, 
the A filter produced a relatively large amount of 
nitrite but no nitrate. It is difficult to under- 
stand the nitr:te production in the case of the A 
filter if the heating was as uniformly successful as the 
B. coli results seem to indicate. Possibly nitroso-bacteria 


gained entrance into the filter from the air and found 
the conditions suitable for multiplication. But why the 
nitrate producing bacteria did not also establish 
themselves is difficult to understand. It is conceivable, 
however, that if the experiment had been continued still 
longer nitrates might have appeared in the A filter 
effluent. But in this connection it should be noted that 
from April 20th to May 29th the A filter effluent pro- 
duced nitrztes in conspicuous amount, and if this was 
merely preparatory to nitrate formation the delay in its 
production was inexplicably long. 


Nittrates.—At first neither filter effluent contained 
any nitrate ; later the B filter alone produced nitrates, 


BACTERIOLOGICAL. 


Total Number of Bacteria.—It is remarkable that the 
A filter effluent usually contained many more bacteria 
than the B filter effluent.* 


B. coli.—Practically speaking, it may be said that the 
A filter effluent contained no B. coli, whereas the B filter 
effluent contained B. coli in abundance. 


B. enteritidis sporogenes.—As was to be anticipated 
the spores of this anzrobe were -present in both 
effluents. 


Nitroso-bacteria.—The results were very variable, but 
the B filter yielded the highest results, 


Qnd SERIES OF EXPERIMENTS. soo aa ae 


A filter now treats “unheated” sewage; B filter now treats “heated” sewage. 


May 29th to June 23rd, 1903. 
CHEMICAL RESULTS. 


Oxygen absorbed from Permanganate—Making fair 
allowance for the reducing action of nitrztes, the purifi- 
cation effected by the A filter was not greatly inferior to 
that brought about by the B filter. 


Free Ammonia.—The difference in the two filter 
effluents was not great as judged by this test. 


Albuminoid Ammonia.—Both filters purified the 
sewage to about the same extent. 


Nitrites—The A filter effluent changed from a 
liquid containing nitrztes but no nitrates to a liquid 
containing nitrates but hardly any nitrztes. The B filter, 
on the other hand, remained practically unaffected and 
still produced nitrates and only traces of nitrztes. 


Nitrates.—The A filter produced nitrates ; the B filter 
effluent contained nitrates as previously. 


BACTERIOLOGICAL RESULTS. 


Total Number of Bacteria.—-The results were variable 
and sometimes the A and sometimes the B filter claimed 
supremacy as regards total number of bacteria in the 
respective effluents. 


B. coli.—The A filter effluent now contained B. coli 
in abundance, whereas the B filter effluent soon ceased 
to contain practically any B. coli, a circumstance. which: 
favours the view that B. coli and allied organisms have no. 
necessary or direct concern in sewage purification pro- 
cesses. Further, the results suggest that if B. coli could 
not maintain its existence in a coli-infected filter it is 
most unlikely that B. typhosus would persist under 
parallel conditions.| This result is of importance from 
the epidemiological point of view. 


B. enteritidis sporogenes.—As was to be expected, both 
filter effluents contained the spores of this anzerobe. 


Nitroso-bacteria—The results were variable, but 
the B filter yielded the highest results. 


3rd SERIES OF EXPERIMENTS. 


A filter now receives sterile sodvum chloride solution; B filter continues to treat “heated” sewage. 


June 24th to July 15th, 1903. 
CHEMICAL RESULTS. 


Oxygen absorbed from Permanganate.—As regards the 
A filter, the effluent contained a good deal of oxidis- 
able matter during the first two or three days, then the 
amount showed a decrease, but later an increase took 
place, and that was associated with the appearance of 
distinct turbidity. Even at the close of the experiment 
the effluent absorbed a considerable amount of oxygen 
from permanganate. The B filter continued to purify 
the “heated” sewage, the purification effected being 62 
per cent. 


Free and Albuminoid Ammonia.—Even at the end of 
the experiment the A filter contained a fair amount of 


free and albuminoid ammonia. As in the permanganate 
experiments, there was a period where the results were 
specially bad owing seemingly to a breaking down and 
washing out of the organic material previously stored in 
the filter, The B filter effected a 57 per cent. reduction 
of the albuminoid ammonia in the heated sewage. 


Nitrites and Nitrates.—Throughout the experiments 
the effluent from the A filter yielded faint traces of 
nitrzte and appreciable traces of nitrate. Presumably 
the nitrifying bacteria persisted in the filter and continued 
to oxidise the organic matter which had accumulated on 
the surfaces of the coke particles. The B filter continued 
to oxidise the “ heated” sewage, the effluent containing 
traces only of nitrzte and an appreciable amount of 
nitrate. 





* Comparable results have since been obtained at Lincoln and Guildford, but in these cases the liquid was 
treated before filtration with germicidal agents instead of by heat. 


+ These results are again, by inference, in conformity with the experience gained at Lincoln and Guildford. 


6225.—App. IV. 
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BAcTERIOLOGICAL RESULTS. 


Total Number of Bacteria.—The A filter continued to 
yield bacteria in great number, and the number was 
greatest at (or about) the time when the effluent became 
turbid in appearance. The effluent from the B filter 
contained a very large number of bacteria despite the 
fact of its treating sewage containing no microbes other 
than those present in the form of spores. 


B. coli.—The effluents from both filters contained 
practically no B. coli, although previously this microbe 


was present in great numbers in both filters, and although 
the total number of bacteria still remained in each case 
very high, This again points to B. coli being an intruder 
and not necessarily concerned in the work of sewage 
purification. It suggests also that B. typhosus would be 
most unlikely to multiply in a sewage filter. 


B. enteritidis sporogenes—A few spores of this 
anzerobe were found in both effluents. 


Nitroso-bacteria—The <A filter effluent contained 
practically none, and the B filter a large number of these 
bacteria. 


4th SERIES OF EXPERIMENTS. 


A filter now treats “unheated” sewage; B filter still treats “heated ” sewage. 


July 16th to July 30th, 1903. 
CHEMICAL RESULTS. 


Oxygen absorbed from Permanganate.—Despite its 
previous dosing with sterile salt solution, the A filter 
was able to produce, even at the outset, a fair degree of 
purification of the “unheated” sewage. The average 
percentage purification was 62 as regards the A filter, 
and 71 in respect of the B filter, 


Free and Albuminoid Ammonia.—The percentage 
reduction of albuminoid ammonia was 54 (A filter) and 
51 (B filter), 


Nitrites and Nitrates.—Both effluents contained traces 


of nitrete. The A filter effluent contained only traces of 
nitrate at first, but later an appreciable amount of 
nitrate was produced. The B filter continued to oxidise 
the “heated” sewage. 


BACTERIOLOGICAL RESULTS. 


Total Number of Bacteria.—The A filter effluent con- 
tained fewer microbes than the B filter effluent. 


B. coli test—The A filter effluent now contained 
numerous B. coli; the B filter affluent none. 


B. enteritidis sporogenes.—Both filters contained afew 
spores of this anzerobe. 


Nitroso-bacteria.—The B filter yielded the highest 
results. 


5th SERIES OF EXPERIMENTS. 


A filter still treats “unheated” sewage; B filter now treats “ completely sterilised” sewage. 


July 31st to August 10th, 1903. 


CHEMICAL RESULTS. 


Oxygen absorbed from Permanganate—As judged by 


this test, both filters produced about the same percentage 
degree of purification. 

Nitrites and Nitrates.—Both filter effluents contained 
nitrates, but traces only of nitrites, ; 

No bacteriological analyses were made. 


6th SERIES OF EXPERIMENTS. 


A filter treats sterile dilute wrine (1 per cent.) ; B filter still treats “completely sterilised” sewage. 


August 12th to September 1st, 1903. 
CHEMICAL RESULTS. 


Oxygen absorbed from Permanganate.—The A filter 
absorbed on an average 0°36 part of oxygen per 100,000 
parts. The percentage purification in the case of the 
B filter was 62 per cent. 


Free and Albuminoid Ammonia.—The A filter effluent 


contained on an average 3°12 and ‘121 parts per 100,000 
of free and albuminoid ammonia respectively. The 
percentage reduction of albuminoid ammonia in the case 
of the B filter was 51. 


Nitrites and Nitrates.—At first both filter effluents 
contained nitrites, but later on these almost entirely 
disappeared. Both filters produced nitrates. 


No bacteriological analyses were made. 


7th SERIES OF EXPERIMENTS. 


A filter treats a sterile artificial urea mixture ; B filter still treats “ completely sterilised ” sewaye. 


September 2nd to December 29th, 1903. 
CHEMICAL REsuLTs. 


Oxygen absorbed from Permanganate.—The percentage 
purification effected by the B filter was 69. 

Free and Albuminoid Ammonia.—The percentage puri- 
fication, as regards albuminoid ammonia, effected by the 
Bi filter was 41. 


Nitrites and Nitrates.—Both effluents contained traces 
of nitrétes and an appreciable amount of nitrate, 


BACTERIOLOGICAL RESULTS. 
Only one sample was examined. 


Total number of bacteria.—The A filter effluent con- 
tained 100 and the B filter effluent 140,000 microbes 
per ¢.c. 


B. coli.—Neither effluent contained B. coli in 1 ce. 


B. enteritidis sporogenes.—The results in each case 
were negative. 
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A AND B FILTERS CONSIDERED SEPARATELY. 


It may assist the reader if the results obtained with 
the A and B filters are now considered separately. 


A FIrer. 


Serves I.—A sterile filter, treated with sewage previously 
heated so as to kill all but the spores of bacteria, purified 
the liquid to an appreciable extent. No nitrates were 
formed, but the production of nitr’tes was after a time 
well marked. These results require confirmation under 
conditions precluding the possibility of a casual infection 
or occasional under-heating of the sewage. The filter 
effluent contained practically no B. coli, but a larger 
number of bacteria than the effluent from a similar filter 
dealing with unheated sewage. Yet, of the two liquids, 
the latter (unheated sewage) must have contained 
initially at least 1,000 times as many bacteria as the 
former (heated sewage). 


Series II.—When this filter (partially matured under 
what may be called unnatural conditions) received 
normal unheated sewage, the nitrztes disappeared from 
the effluent and nitrates became evident. The bacteria 
necessary for complete oxidation can therefore seemingly 
assert their independence and exercise their functional 
activity even in a filter concurrently teeming with 
sporing bacteria. The bacterial flora of the effluent 
resembled that of an ordinary sewage effluent, and it 
therefore contained a large number of B. coli. 


Serves IJ[.—When this filter (partially matured under 
unnatural conditions and then fully matured under 
natural conditions) was dosed with sterile sodium chloride 
solution, an effluent was produced such as might have 
resulted from the treatment of a very weak sewage. 
An interesting stage occurred during which the results 
were, relatively speaking, specially unsatisfactory, due 
seemingly to a sort of breaking up process in the interior 
of the filter. Since the aggregate amount of oxidised 
and unoxidised organic matter appearing in the effluent 
was considerable, it follows that the filter must have held 
in store a large amount of unoxidised organic matter. 
Although the effluent contained a large number of 
bacteria it is. significant that B. coli was practically 
abs2nt despite its previous prevalence in the filter. This 
is an important point, and indicates that conditions 
which are favourable to the multiplication of bacteria 
in general are not necessarily favourable to the develop- 
ment of particular bacteria, e.g., B. coli. 


Serves IV. and V.—When this filter (partially matured 
under unnatural conditions, then fully matured under 
natural conditions, and subsequently dosed with sterile 
sodium chloride solution for a considerable time) was 
called upon again to treat unheated sewage it was observed 
that even at the outset it was able to purify the sewage 
to a very appreciable extent. The prolonged working 
with sterile sodium chloride solution had thus apparently 
failed to rob the filter of its purifying ability. The 
bacterial flora of the effluent again resembled that of an 
ordinary sewage effluent, in that it contained a large 
number of B. coli. 


Series VJ.—When this filter (partially matured under 
unnatural conditions, then fully matured under natural 
conditions, next dosed with sterile sodium chloride 
solution, and lastly again fully matured under normal 
conditions) was called upon to treat sterile dilute urine 
it was able to manufacture nitrates apparently without 
any difficulty. The fact of the urine being sterile 
appeared te be of no importance in view of the mature con- 
dition of the filter ; and Mr. Frye’s experiments at Leeds, 
Mr. Hendrick’s and (subsequently) Dr. McGowan’s experi- 
ments with pot ale, and the joint experiments at Guildford 
and elsewhere by Dr. McGowan and myself, all seem to 
support the view that when once a filter is mature it can 
purify oxidisable matter without the accompanying 
addition of bacteria in the liquid being treated, probably 
indefinitely. It thus appears that once a filter is mature 
(bacteriologically) it is independent of the presence of 
Sresh bacteria to maintain its state of maturity. Indeed, 
it is probable that even during the process of maturing 
a sewage filter the vast majority of the excremental 
bacteria in the sewage are merely intruders. It may be 
supposed that the bacteria necessary for the purification 
of sewage gradually gain a foothold in the filter taking 


up their quarters, as it were, for permanent residence and 
multiplication. Meanwhile the vast majority of the 
bacterial population of sewage constantly pass away with 
the effluent. Some, no doubt, are mechanically arrested 
only to be washed out subsequently or to suffer extinction 
under conditions unfavourable to their sustained vitality. 
Other bacteria perhaps are able to maintain their 
existence indefinitely in the filter, although serving no 
good purpose in the work of purification. However this 
may be, it seems clear that once an appropriate bacterial 
flora has been established in a filter, it is no longer 
necessary that the liquid to be purified should carry with 
it any bacteria. 


Series VII.—When this filter (partially matured under 
unnatural conditions, then fully matured under natural 
conditions, next dosed with sterile sodium chloride 
solution, then fully matured under normal conditions, 
and lastly dosed with sterile dilute urine) was called 
upon to treat a sterile artificial urea mixture a fair 
amount of nitrate was produced. The effluent contained 
no B. coli. The final experiment lasted nearly four 
months, 


B FILrer. 


Serves [—A sterile filter treated with unheated sewage 
purified the liquid in the ordinary way. First nitrites 
appeared in the eftluent and then nitrates, the appearance 
of the latter being followed by the disappearance, 
relatively speaking, of the former. The effluent of course 
contained B coli. in great abundance. 


Serves II, IIT. and IV.—When this filter (matured 
under normal conditions) was called upon to treat 
sewage previously heated so as to kill all but the spores 


of bacteria, it continued to oxidise the liquid as previously... 


The effluent contained more bacteria but no B coli. 


Series V., VI. and VII.—When this filter (matured 
under normal conditions and then dosed with “heated ” 
sewage) was called upon to treat completely sterilised 
sewage it continued to oxidise the liquid as_ before. 
The effluent (series VI.) contained a great many bacteria 
but no B coli. 


We have here then additional evidence that a matwre 
filter can continue to oxidise organic matter indepen- 
dently of bacteria in the liquid being treated. Further, 
the evidence is conclusive that although a filter may 
contain initially an enormous number of B. coli, when 
the liquid to be treated is bereft of B. coli, this microbe 
rapidly disappears from the effluent although the filter 
may still be able to support the life of many other 
bacteria. 


Inferentially, it may be concluded that sewage filters 
are not likely to provide suitable breeding grounds for 
pathogenic bacteria, although I think they offer no 
certain obstacle to the passage through them of these 
microbes. 


It may be premature to generalise on this subject, but 
so far as my experience goes, the same is true of water 
filters. For example, a certain small proportion of the 
B. coli in unfiltered water constantly escapes the barrier 
of the filter beds, but there is no evidence to show, 
rather the reverse, that in passing through the sand or 
under-drains they undergo multiplication. Under cer- 
tain abnormal conditions which need not be described 
here, the effluent from a sand filter may contain actually 
more bacteria than the water before filtration. This 
may be due to an abnormal detachment of microbes 
normally chained, as it were, to the sand particles, or to 
a great multiplication of bacteria in the interstices of 
the sand or in the under-drains, owing to the creation of 
some new condition favourable to their vitality, or toa 
combination of these or other causes. But, in my 
experience, the B. coli do not share proportionately, if at. 
all, in this multiplication. In other words, when, from 
one or another cause, the conditions favour multipli- 
cation within a filter, the B. coli do not apparently take 
advantage of this circumstance. It follows that, 
although pathogenic bacteria may be able to pass 
through filter beds, it is unlikely that they are able to 
multiply therein. 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF SAMPLES 
OF SEWAGE AND EFFLUENTS FROM THE BRADFORD, 
ILFORD, LEEDS, AND MANCHESTER SEWAGE WORKS, BY 
DR. A. C. HOUSTON. 








BRADFORD 


Results of the Bacteriological Examination 
of samples as under :— 


FRIZINGHALL WORKS— 
CRUDE SEWAGE. 


TANK LIQUOR (SEWAGE AFTER TREATMENT WITH SUL- 
PHURIC ACID AND SETTLEMENT). 


EFFLUENTS FROM VARIOUS FILTERS. 


NORTH BIERLEY OUTFALL WORKS— 


EFFLUENTS FROM VARIOUS FILTERS (THE SEWAGE IS 
TREATED WITH ALUMINO-FERRIC AND LIME, ALLOWED 
TO SETTLE, AND THEN PASSED ON TO THE FILTERS). 


SMALL STREAM BELOW EFFLUENT DISCHARGE CHANNEL. 


IDLE OUTFALL WORKS— 


EFFLUENTS FROM “LAND FILTERS” (THE SEWAGE IS 
TREATED WITH ALUMINO-FERRIC AND DISCHARGED 
WITHOUT SETTLEMENT ON TO “LAND FILTERS ”). 


ALL THE SAMPLES WERE COLLECTED FROM THE MAIN 
EFFLUENT CHANNEL DISCHARGING TO THE RIVER. 


SUMMARY OF CONTENTS— 
GENERAL TABLE OF RESULTS. 
SUMMARY. 
CONCLUSIONS. 


ADD. A.—RECOVERY OF B. ANTHRACIS FROM ONE OF THE 
COAL FILTERS. 


ADD. B.—ADDITIONAL NOTES. 
A. (. HOUSTON, 
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Description of the Sample, suraber of B, Coli (or closely allied forms) 
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Chief Bio ugica Charze- 
ters of the strain of B. 
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: in 1c.c. (Primary broth cultures Col 3. wedi x 
Total Number of (48 hours at 37° C.) and subsequent “Gal Uindall 
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| after treatment with sul- % | | | | 
| ! phurie acid and settlement) i ox 
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B, Enteritidis Sporogenes Test. 
Spores of B. enterilidis sporogenes 
(Klein’s “ enteritidis chonge” in anzerobic 
milk cultures). 

Cultures heated to 80° C. for 10 minutes. 


B.8S.=Bile-salt Glucose Peptone Test. 
N.R.=Neutral-red Broth Test. 
L.P.M.=Lactose Peptone Milk Test. 


Indol Test. 
Indol in bioth cuitures direct 
(5 days at 37° C.). 
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Virulent B. pyocyaneus isolated 
from this sample. 
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Chief Biological Charac- 
ters of the strain of B. 
Description of the Sample. : Number of B. Coli (or closely allied forms) Tambor ieee 
Total Number of in: 1.¢.c. (Primary broth cultures Col. 3. 
: B = MAine (48 hours at 37° C.) and subsequent “Gass Indo) do 7 
acteria in 1c.c. surface gelatine plate method). 3 . @) Acidity. 


(6) Clot. 
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1902 | Frizinghall Tank Liquor (Sewage | 1,580,000 | 1,590,000 
after treatment with  sul- 
phuric acid and settlement) : 


SO te — 19 she Bs Frizinghall Tank Liquor (Sewage | 5,600,000 630,000 
after treatment with  sul- 
phuric acid and settlement) 


BON se ates _ 261 ,, * Frizinghall Tank Liquor (Sewage 
after treatment with sul- | | 
phuric acid and settlement) 





She ke — so] he Ss Frizinghall! Tank Liquor (Sewage 1,090,060 
after treatment with  sul- | 
phuric acid and settlement) 


82 cate _ L105"; » | Frizinghall Tank Liquor (Sewage Mu + Bs + a4 
after treatment with sul- 
phuric acid and settlement) 


Che ie _ Rye ” Frizinghall Tank Liquor (Sewage 
after treatment with sulphwi- 
acid and settlement) 


=f en eS — Satie, S Frizinghall Tank Liquor (Sewage 5,000 
after treatment with sulphuric 
acid and settlement) 
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after treatment with sulphuric 
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BGs eos — Le fate ,, Frizinghall Tank Liquor (Sewage ' 
after treatment with sulphuric | 
acid and settlement) 








BYE seen ees PAS ies 4 Frizinghall Tank Liquor (Sewage 400 
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after treatment with sulphuric 7 


acid and settlement) 








Duis wan, aa ES ty 93 + Frizinghall Tank Liquor (Sewage 
after treatment with sulphuric 
acid and settlement) 





AO see tes 5c — UW PEs » | Frizinghall Tank Liquor (Sewage 37,000 
after treatment with sulphuric 
acid and settlement) 
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CARA OF = 2D |e, » Frizinghall Tank Liquor (Sewage 
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acid and settlement) 
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Works; (2) North Bierley Outfall Works; and (3) Idle Outfall Works—continued. 











B. Enteritidis Sporogenes Test. 
Spores of B. enteritidis sporogen:s 
(Klein’s “enteritidis change” in anzerobic 
milk cultures). 

Cultures heated to 80° U. for 10 minutes. 


Indol Test. 
Indol in broth cultures direct 
(5 days at 87° C.). 
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B.S.=Bile-salt Glucose Peptone Test. 
N.&.=N-utral-red Broth Test. 
L.P.M.=Lactose Peptone Milk Test. 
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Total Number of (48 hours at 37° C.) and subsequent Col. 3. 
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Works; (2) North Bierley Outfall Works; and (3) Idle Outfall Works—continued. 
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: B. Enteritidis Sporogenes Test. 
; Indol Test. Spores of B. enteritidis sporogen ’s B.S.=Bile-salt Glucose Peptone Test. 
Indol in broth ier direct (Klein's “enteritidis chinge” in anzrobic _ N.&.=N-utral-red Broth Test. 
(5 days at 87° C.). milk cultures). ee ik T 
Cultures heated to 80° C. fur 10 minutes. | L.P.M.=Lactose Peptone Milk Test. 
No. REMARKS. 
et eee 
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Results or the Bacteriological Examination of Samples from (1) Frizinghall 





Description of the Sample. 


Time of Collection. 


30 | 


28 | 





Other Details. 





Frizinghall Effluent from Filter 
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Works; (2) North Bierley Outfall Works; and (3) Idle Outfall Works—continued. 












































































































5 6 | 7 
= 
B. Enteritidis Sporo yenes Test. - 
Indol Test. Spores of B. sperdreh N sporogenes B.S.=Bile-salt Glucose Peptone Test. 
Indol G oe oo} direct (Klein’s “* cs ea change” in ansrobic N.R&.=Ncutral-red Broth Test. 
. ays at 387° C.). milk cultures). : 
| Cultures heated to 80° C. ae 10 minutes. L.P.M.=Lactose Peptone Milk Test. 
| No. REMARKS. 
j 
iO 100 {| 1,000; 10,000 | 100,000 1 10 100 | 1,090} 10,000 | 100,000} 1 | 10 100 3,000 | 10,000 | 100,000 
1 | -o1 | -oc1 | -o001 | ‘00001 | 1 | +1 | -o1 | -oo1 | -ooor | -ocoor | 1 | 1 | -o1 | “001 | -0001 | 00002 
c.c. | C.c. C.C. C.c. @.62.| je. | §¢76.4) ¢.c; Ge: C.C. GeGril| ceue> | 1. Coml\necCnll mee. Ce C.C. 
——_——=—. \ j —— 
. | Ee _ | | 86 ~ 
| B.S | 
+) — | ~ | 87 
| | 
| 
| 
| 
4: =v | | 88 
ee ote 89 
Aah tes | 90 
1 
7 91 
£5 | See | 92 B. prodigiosus isolated from 
| \ 1/100 c.c. 
ae ie | $3 
| | 
+ — | | 94 
egy eS “95 
i 
/ | 
+ = | £6 
| | B.S. 
a } + | — 97 
B.S 
eae | ce | eae 98 
| 
an a ! | B.S. 99 
| + — 
B.S. 
+ wea | ete SS 100 
ms | 
SS eel | | | 101 
| 
| Ba. 
Pat SIR) | | et 102 
| | TBISe | 
* Fe ws | | | + — 103 
| | B.S. 
tt | | Marais, gee 104 
B.S. 
et ae | | + = 105 
| | | B.S. 
+ a | + — 105 
B.S. ° 
; s) { | | + — 107 
} | 
| | i B.S. 
es | i 108 
| | 
| B.g. | 
se = 3 oe 10) 
Ag es 110 
ig oe | 111 
B.S. 
is — a = 112 
| 
aes: 113 
| 
eas ae : F 114 
B.S. 
ay hl ces ss] 115 
| 
a | | i. 16 
| 
me { = | 117 




















PPENDIX. 
288 a. 


Results of the Bacteriological Examination of Samples from (1) Frizinghall 
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Works; (2) North Bierley Outfall Works; and (3) Idle Outfall Works—continued. 








Indol Test. 
Indol in broth cultures direct 
(5 days at 37° C.). 
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SUMMARY.* 
FRIZINGHALL CRUDE SEWAGE 
Tora, NuMBER OF BACTERIA (GELATINE AT 20° C.) PER ©.C. 


4 Samples. 
Average number - “ - - - - 58,450,000 © 
Highest number - ~— - - - - - 70,000,000 
Lowest number . - - 4 awn - 39,400,000 


ToraL NuMBER OF BacTERIA (AGAR AT 37° C.) PER C.C. 


10 Samples. 
Average number - - - . 2 pate 5,666,000 
Highest number - - - - ae 12,000,000 
Lowest number - - - - - - 540,000 


B. Cour TEst. 
5 Samples. 
One sample contained 10,000, the remaining four samples at least 100,000 B. coli (or coli-like 
microbes) per ¢.¢. 
As regards biological characters, two of the coli-like microbes were atypical: the remaining 
three microbes were, on the basis of the tests employed, typical B. coli. 
Inpot TEST. 
4 Samples. 
All four samples yielded the same result, namely, at least 100,000 indol producing bacteria 
per c.c. (+ ‘00001 c.c.). 
FRIZINGHALL CRUDE SEWAGE. 
B, ENTERITIDIS SPOROGENES TEST. 


23 Samples. 
9 samples (about 39 per cent.) 1,000 (+ ‘001 cc.) — 
12 . (about 52 percent.) 100 (+ ‘01 cc.) 
2 : (about 8 per cent.) 10 (+ ‘lee.) 


These results may be shown in the following diagram (each dot represents one per cent, of 
the samples) as follows :— 


B. Enteritidis Sporogenes Test. 
1,000 C@©SCOSOSOOHOOOSOHOHOOOHOHOHOOOOOHOSOOOES about 39 per cent. 
| about 52 per cent. ©@@@ 
100 @@O0COO OOOO SOOO O8OOOOOH8OOGSOOOOSHODOOHSOOOOOOOE 
10 @@@@@@@@ about 8 per cent. 


BILE-SALT GLUCOSE PEPTONE TEST. 
12 Samples. 
11 samples (91 per cent.) at least 100,000 (+ ‘00001 c.c.) 
1 sample (8 per cent.) 10,000 (+ ‘0001 c.c.) 


These samples may be shown in the following diagram (each dot represents one per cent. of 
the samples) as follows :-— 


Bile-salt Glucose Peptone Test. 
about 91 per cent ©@ 000080008 
COO O0OCGGOSO898SOHO8OO8OGOCDOOGOOOOOCOOOe 
100,000 9980000066000 60000806600008000000000008008 
10,000 @@@@@86@ about 8 per cent. 
* Unless otherwise stated, the results are given as the number of bacteria per c.c. of sample. 


N.B.—It should be noted that the B. coli, indol, and bile-salt glucose peptone tests were not “pushed” beyond 
ovo c.C, 
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FRIZINGHALL TANK Liquor. 
ToraL NuMBER oF Bacteria (GELATINE AT 20° C.) PER ©.C. 


4 Samples. 
Average number - - ory Bie - - 12,835,000 
Highest _,, ah et 2 a : : - 44,000,000 
Lowest ‘ - z 2 z : d ~ 160,000 


ToraL NUMBER OF BacTERiIA (AGAR AT 37° C.) PER C.C. 


11 Samples. 
Average number - SO ee pe - 988,963 
Highest * - : : 4t.er (a: “ 7,360,000 
Lowest ° 4 - : - - - - - 400 
B. Cort TEst. 
6 Samples. 


2 samples, 100,000 B. coli (or coli-like microbes) per c.c. 
1 sample, 1,000 ,, a wet : 
3 samples, OD Duis : “ 09 


As regards biological characters, two of the coli-like microbes were atypical : the remaining 
four microbes were, on the basis of the tests employed, typical B. colli. 


Inpou TEstT. 

6 Samples. 
1 sample 10,000 indol producing bacteria (+ ‘0001 ¢.c.) 
2 samples 1,000 _,, 2 P (+ ‘001 cc.) 
3 ” 100 2 ” ” (+ ‘Ol C.C..)s 


FRIZINGHALL TANK Liquor. 
B. ENTERITIDIS SPOROGENES TEstT, 
24 Samples. 


2 samples (about 8 per cent.) 1,000 (+ ‘001 cc.) 
2 samples (about 8 per cent.) 100 (+ ‘01 cc.) 
17 samples (about 70 per cent.) 10(+ ‘1 cc) 
3 samples (about 12 per cent.) 1 (+ ie.6:) 


These results may be shown in the following diagram (each dot represents one per cent. of 
the samples) as follows :— 


B. Enteritidis Sporogenes Test. 


1,000 ©8©@©@90@@ about 8 per cent. 
100 e@e@e@Cee@oe@ about 8 per cent. 
about 70 per cent. 9©@00800000808808008 
10 @@@O0OOO80FOO0G 8099S 90088SH80SO8SOO88OHOS8HOOSCSOCE 
1 eeeeeeeooesee about 12 per cent. 


BILE-SALT GLUCOSE PEPTONE TEST. 
12 Samples. 
5 samples (about 41 per cent.) at least 100,000 (+ ‘00001 c.c.) 
1 sample (about 8 per cent.) 10,000 (+ ‘0001 cc.) 
1 sample (about 8 per cent.) 1,000 (+ ‘001 cc.) 
1 sample (about 8 per cent.) 100 (+ ‘01 cc.) 
4 samples (about 33 per cent.) negative result 73, ce. (— 01 cc.) 
6225.—App. IV. 2P2 
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These results may be shown in the following diagram (each dot represents one per cent. of 
the samples) as follows :— . 
. Bile-salt Glucose Peptone Test. 


about 41 per cent. e@@o@ 

100,600 O00 0000 O098000080080806008089080800806090 
10,000 e@@@@@@e about 8 per cent. 
1,000 ©0000008 about 8 per cent. 
100 @@@@@0@06 about 8 per cent. 


About 83 per cent. negative 75 ©¢.C. 


FRIZINGHALL EFFLUENT FROM FILTER No. 1 C. 


TotaL NUMBER OF BAcTERIA (GELATINE AT 20° C.) PER C.C. 


12 Samples. 
Average number~ - - - - - - . 3,300,000 
Highest _,, - - . - - - - 8,300,000 
Lowest fi : - - - - eK} E = 90,000 
Tora NuMBER of BacTERIA (AGAR AT 37° C.) PER C.C. 
27 Samples. 
Average number - = - - 2 - - 811,000 
Highest __,, = . - - - - - 2,800,000 
Lowest _.,, : - - - - - - 600 
B. Cort TEsT. 
8 Samples. 
1 sample, 100,000 (+ -00001 c.c.). 
es 5, 10,000. (+ 0001 cre 
4 samples, 100 (+ ‘Ol c.c.). 
1 sample, 1(+ heey 


1 


Five out of the seven coli-like microbes isolated from the samples were, on the basis of the 
tests employed, typical B. colli. 


negative result 33> ¢.¢. (— ‘01 cc.) 


> 


Inpou TEsT. 
9 Samples. 
2 samples, 10,000 (+ ‘0001 c.c.). 
1sample, 1,000 (+ ‘001 c.c.). 
4samples, 100 (+ ‘01 c.c.). 
1 sample, 10 (+ - - 1 cc.) 
1 sample, neyative result ;jp ¢.c. (— ‘01 ¢.c.) 


FRIZINGHALL EFFLUENT FROM FILTER No. 1 C. 
B. ENTERITIDIS SPOROGENES TEST. 
35 Samples. 


7 samples (about 20 per cent.) 100 (+ 01 cc.) 
14 samples (about 40 per cent.) 10 (+ ‘1¢c.) 
18 samples (about 37 per cent.) 1(+ lee) 

1 sample (about 8 per cent.) negative 1 cc. 


a3 These results may be shown in the following diagram (each dot represents one per cent.) as 
ollows :— 


B. Enteritidis Sporogenes Test. 
100 @@DCOOOOCHOOSOOOCOOSO about 20 per cent. 
10 P@OSCOSCOCHEOOCOOOOSOOOCOEOOCOOCROOCEOESESOGESG xbout 40 per cent. 
1 COCOOOOCCCOCOCOCHOCCOQHECECBOCECOCCCESEGEQ § sbout 37 per cent. 


About 3 per cent. negative 1 ¢.c. (none in 1 ¢.c.) 
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BILE-SALT GLUCOSE PEPTONE TEST. 


19 Samples. 


6 samples (about 31 per cent.) 100,000 (4+ ‘00001 cc.) 
2 samples (about 10 per cent.) 1,000 (+ ‘001 c.c.) 
6 samples (about 31 per cent.) 100 (+ ‘01 ¢.c.) 
1 sample (about 5 per cent.) LOC oe Ie) 
2 samples (about 10 per cent.) 1 (4+ 1¢.¢:) 

2 


samples (about 10 per cent.) negative result, ;35 cc. 

These results may be shown in the following diagram (each dot represents one per cent.) as 
follows :— 
Bile-salt Glucose Peptone Test. 


100.000 ©©000000000 00000000080 CCOGCGCG® about 31 per cent. 
10,000 
1000 eee@eeeeeoe® about 10 per cent. 
100 ©COOSOHSOCHOSOSSOOOHHHOESOSOOSOGE about 31 per cent. 
10 @@6@@ about 5 per cent. 
1 ©@@6960006 about 10 per cent. 


About. 10 per cent. negative result 33, c.c. 


FRIZINGHALL EFFLUENT FROM FILTER No. 2c. 


Tora, NuMBER oF BacTERIA (GELATINE AT 20° C.) PER C.c. 


12 Samples. 
Average number~ - - - - - - - 1,766,833 
Highest number - - - - - - . 7,900,000 
Lowest number - - : - - - - 81,000 


Tora, NuMBER OF Bacteria (AGAR AT 87° C.) PER CC. 


27 Samples. 
Average number - - - - - - : 138,111 
Highest number - - - - = 3 - 1,106,000 
Lowest number - - - - ~ — 60 
B. Cour TEst. 
9 Samples. 


1 sample 1,000 B. coli (or coli-like microbes) per c.c. 
5 samples 100 é, 3 # 

2 samples, negative result 73, c.¢. 

1 sample, 1 B. coli per c.c. 


Six out of the seven coli-like microbes isolated from these samples were, on the basis of the 
tests employed, typical B. coli. 


InpoL TEST. 
10 samples. 


1 sample, negative result z)55 ¢.c¢ 
2 samples, negative result ;3, c.c. 
3 samples 1,000 (+ ‘001 c.c.). 
3 samples 100(+.- ‘01 ce). 
1 sample LiCl Toda egy): 
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FRIZINGHALL EFFLUENT FROM Fitter No, 2 C. 
B. ENTERITIDIS SPOROGENES TEST. 
34 Samples. 
3 samples (about 9 per cent.) 100 (+ ‘01 ec.) 


7 = (about 20 per cent.) 10(+ ‘1 cc.) 
18 ,- (about 53 per cent.) 1(+ 1cee.) 


6 7 (about 17 per cent.) negative 1 c.c. 
These results may be shown in the following diagram (each dot represents one per cent.) as 
follows :— 
B. Enteritidis Sporogenes Test. 

100 @©@@@@@@@®@ about 9 per cent. 

10 CE@CCCCCCCSESCeCESEG@ about 20 per cent. y, 

about 53 per cent. @@@@6e 
MTT riiiiiiyityy) 


About 17 per cent. negative 1 cc. (none in 1 ¢.c.) 


FRIZINGHALL EFFLUENT FROM FILTER No. 2 C. 
BILE-sALT GLUCOSE PEPTONE TEsT. 


18 Samples. 


1 sample (about 5 per cent.) 100,000 (+ -00001 «.c.) 

3 samples (abouti17 per cent.) 10,000 (+ :0001 «.c.) 

6 samples (about 33 per cent.) 1,000 (+ -001 «c.) 

1 sample (about 5 per cent.) 100 (+ ‘01 c.c.) 

1 sample (about 5 per cent.) 10 (+ ASC) - 
1 sample (about 5 per cent.) 1 (+ 1oGC.) 

+5) 


samples (about 28 per cent.) negative 4, cc. 


These results may be shown in the following diagram (each dot represents one per cent. of 
the samples) as follows :— 


Bile-salt Glucose Peptone Test. 
100,000 @@@@@ about 5 per cent. | 
10,000 ©@@@S@GGGOGCCCEGOGe about 17 per cent. 
1,000 @@@OSOSSCCSSCEOOEECSO9ESGOCCEOSOCOES about 33 per cent. 
100 @@@@@ about 5 per cent. 
10 ©@@@6@ about 5 per cent. 


1 @@@@@ about 5 per cent. 


About 28 per cent. negative ;4, ce. 


FRIZINGHALL EFFLUENT FROM 3 
UENT FR FILTER No. 8. ) Only a few samples 

North Bierley samples. — Were exe ae 

ent see General 


Samples from Idle Works. Table of Results.) 


With the object of showing the marked differences between the crude sewage, tank liquor, and 
effluents from filters 1 © and 2C as regards the B. enteritidis sporogenes and bile-salt glucose 
peptone tests, the two following diagrams (Diagrams B. 1 and B. 2) are given :— 
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CONCLUSIONS. 


It is apparent that the sulphuric acid treatment, despite its probable advantages in the 
particular case of Bradford, cannot be relied on to destroy all objectionable bacteria in sewage. 
Nevertheless, the tank liquor was usually found much purer (bacteriologically) than the crude 
sewage, and many of the final effluents showed a remarkable degree of percentage purification (see 
diagrams in the text, but more particularly diagrams B. 1 and B. 2). 


Bradford sewage contains much trade refuse, and of a kind liable to contain.the spores 
of B. anthracis. On a priori grounds the sulphuric acid treatment would seem in the case of 
Bradford sewage to be specially suitable; for, apart from the recovery of a proportion of the 
grease, which helps to cover the cost of the sulphuric acid, it is at present impracticable to treat 
adequately the whole of the sewage. Under existing conditions (1903) a first process, or tank settle- 
ment, is all that can be attempted. In effect, a comparatively clear liquid is after only about three 
hours’ settlement, after the addition of the sulphuric acid, discharged into the Bradford Beck. 
But it must not be supposed that the sulphuric acid treatment is completely successful in killing 
all objectionable bacteria, even those of non-sporing sort. The results clearly show that the 
amount of acid present does not suffice to kill all the B. coliand allied non-sporing microbes. It was 
not therefore anticipated that the highly resistant spores of the B. anthracis would be destroyed. 
Hence, it is hardly, perhaps, a matter for surprise that the attempt to isolate B. anthracis from 
the “ washings” of one of the filters proved successful. (Addendum A.) At the same time, it is 
quite conceivable that the sulphuric acid treatment, although it does not kill the spores of bacteria, 
nor even all the B. coliin the sewage, might nevertheless weaken, or even destroy, the vitality, or 
might modify the virulence, of some of the less resistant microbes capable of causing specific 
disease. This, no doubt, is little better than surmise; but it is not impossible that, with a sewage 
naturally rich in fats, acid treatment in some such form as is adopted at Bradford might, although 
sterilisation commences instead of ends the treatment, be not altogether undesirable on 
epidemiological grounds. Moreover, a comparison between the results of the examination 
of the crude sewage and the tank liquor, as regards spores of B. enteritidis sporogenes,., 
greatly favours the supposition that a large proportion of the spores of B. anthracis, if originally 
present in the sewage, would be likely to be retained in the sludge. This leads to a. 
consideration of the best means of disposing of the “screenings” of a sewage like the 
Bradford sewage, which is liable to contain the spores of B. anthracis, and of the sludge 
produced either by the sulphuric acid or other form of tank treatment. 


It is difficult to believe that the manuring of land with matters of this sort may not be a 
source of danger to grazing cattle. Yet, apart from destruction by fire, which is perhaps 
impracticable, no reasonable method of killing the highly resistant spores of B. anthracis can be 
suggested. As, no doubt, the number of spores of B. anthracis would be extremely small in 
relation to the bulk of solid matter, it might be contended that any danger attaching to the 
spread of such material over land was outweighed by the practical advantages of this method of 
disposal. Whether or not such a contention is justifiable is a moot point. But, at all events, . 
it seems desirable to point out that the grazing of cattle on land which has previously been 
manured with refuse of this description should, if possible, be avoided. 


ts ea = err eT es 
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ADDENDUM A. 


Recovery or B. ANTHRACIS FROM THE “WASHINGS” OF ONE OF THE CoAL FILTERS 
AT BRADFORD. 


On September 30th, 1902, I obtained samples of the material (coal) from one of the bacterial 
filters at Bradford. 


The samples of coal were taken from (a) the top layers, (b) 2 feet, (c) 3 feet, and (d) 4 feet 
below the surtace. 


Approximately equal quantities of each rey (a, b, c, d) were mixed together. 283 grammes 
of the mixture were placed in a wide-mouthe sterile bottle containing 200 c.c. of sterile water. 
After prolonged shaking 50 cc. of the “washings” of the coal were poured into a sterile 100 cc. 
measuring cylinder, and diluted with 50 c.c, of sterile water (called dilution I). 50 cc of 
dilution I. were further diluted with 50 c.c. of sterile water (cailed dilution IT.). 50 cc. of dilution 
IL. were again diluted with 50 c.c. of sterile water (called dilution IIT) 


2 cc, of dilution III. were injected subcutaneously into a guinea-pig. 


The rodent was found dead on the fifth day, and the organs and tissues of the body were 
swarming with B. anthracis. Agar cultures, made from the heart’s blood and _ spleen, 
yielded the anthrax bacillus in pure culture. The accompanying micro-photograph is of a 
microscopic smear preparation of the splenic juice of the dead rodent. The preparation was 
stained by Gram’s method. The magnification 1s 500 diameters. 


It is of interest to recall the fact that at Yeovil anthrax was found to be present in—(1) 
septic tank liquor ; (2) septic tank sludge; (3) primary coarse coke bed, (4) secondary fine coke ) 
bed ; (5) final catchpit of a hide factory ; (6) mud of River Yeo; and (7) mud of Yeo Brook.* The- 
Bradford coal filter is thus the eighth source from which B. anthracis has been recovered. 


Some experiments were also made with the sludge produced by the sulphuric acid treatment at Bradford. 
The sample was obtained on August 26th, 1902. Ninety grammes of the sludge were shaken with 100 c.c. of water 
in a sterile wide-mouthed stoppered bottle. 20 c.c. of this mixture were poured into a sterile tube (called I.) ; 
100 cc. of sterile water were added to the bottle, and after shaking 20 c.c. were poured into a second tube (called 
IT.) ; another 190 c.c. of sterile water were added to the bottle, and after shaking 20 c.c. were poured into a third 
tube (called III.). Next 10c.c. of the mixture in the bottle were diluted to 100 c.c. with sterile water, and after 
shaking 20 c.c. were poured into a fourth tube (called LY.): = 


The four tubes (1., IL, IIL., and IV.) were next heated to 80° C. for ten minutes. Four guinea-pigs were 
severally inoculated subcutaneously with material from these four tubes. 


(A.) rodent received } cc. of tube I. 


(Bim #5 3 4 ce. § II. 
(C.) ” ” Decic ” TI. . 
CD) sitet: e 2 ce. by IV. 


'Two mice were also inoculated by rubbing a little of the sludge into a pouch under the skin. The pouch was 


produced by making a slight incision on the back with a knife, and then with a suitable instrument loosening the 
skin from the subjacent tissue. ; 


By the second day all the animals were dead, and, although B. anthracis could not be isolated from the organs 
or tissues, this result may possibly have been due to the animals succumbing so rapidly from the development 
-of other pathogenic bacteria that the B. anthracis had not sufficient time to multiply. _ However this may be, the 
“negative result in no way proves that anthrax was not present in the sludge. Indeed, the results obtained with the 
coal filter “‘ washings” make it almost certain that the sludge must occasionally, if not invariably, contain the spores 
of B. anthracis. The practical difficulty experienced in experiments of this kind is the impossibility of using other 


than fractional amounts of material for inoculation purposes, in order to avoid killing the animals before 
the anthrax bacillus has had time to multiply in the body. : 


The experiments, although negative as regards anthrax, show the virulent qualities of sludge in the case of 
rodents and mice. 


eee 


* Second Report of Royal Commission on Sewage Disposal. 
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Microscopic smear preparation of the splenic juice of a rodent dead of anthrax after inoculation 
with the “ washings” from one of the coal filters at Bradford. Stained by Gram’s method. 
| Magnification, 500. ] 


[Z’o face page 296. 
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ADDENDUM B. 


ADDITIONAL NOTES. 


Mr. Joseph Garfield, Assoc.M.Inst.C.E., Engineer of the Bradford Sewage Works, has been kind 
enough to supply me with the following notes* :— 


FRIZINGHALL WoRKS. 


The sewage (12,000,000 gallons) after screening was treated with eet acid. The amount 
of acid varied from time to time, the object being to “curdle” or “crack” the sewage. - In effect 
the sewage was not only neutralised but rendered slightly acid. On the average the proportion of 
acid used was six grains per gallon in excess of that required to neutvralise. 


The acid sewage was passed through a series of settling tanks (about three hours’ settlement). 
Part of the comparatively clear tank liquor was further treated on the experimental filters, the rest 
was discharged into the Bradford Beck. 


As regards the acid sludge, this was filter-pressed for the extraction of grease. 


NortrH BreRLteEY Works. 


As regards the North Bierley Works, the following brief notes are of interest :—The sewage 
(1,000,000 gallons) was treated with alumino-ferric and lime, and passed into settling tanks. The 
tank liquid was further treated on five acres of filters, composed of five feet of coal shales, with 
nine inches of soil on the surface. The tank effluent water was distributed over the surface by 


means of grips cut in the soil. 


IDLE WoRKS. 


In connection with the results of the bacteriological examination of the samples, the following 
brief notes may be of interest :—The sewage (150,000 gallons) was treated with alumino-ferric and 
discharged, without settlement, on to areas of land which had been made level and banked round. 
The land filter effluents discharged direct to the River Aire. 


In respect of the filters, the following notes are of interest. 


Filter 1o.—Depth, 5 feet; area, 28 square yards. Whole depth, composed ot washed coal 
smudge, varying from ? inch at bottom to 4 inch at top. Distribution of liquor on surface by 
means of pipes, having an outlet for each square yard of filter surface. Volume filtered, 50 gallons 
per square yard in 24 hours, in 24 equal volumes, discharged at intervals varying from 20 minutes 
at midday to two hours at night. 


Filter 2c.—Five feet deep, all fine washed coal smudge, circular in plan, area 13 square yards, 
and liquor distributed by means ot a revolving spreader, worked 12 times in 24 hours, at intervals 
varying from one hour at midday to four hours at night. 


Volume treated on filter, 50 gallons per square yard. 


Filter 3.—This filter was composed of boiler clinkers. Depth, 5 feet; area, 30 square yards. The 
tank liquor was distributed by means of pipes having one outlet for each square yard of surface. 
Volume treated, 50 gallons per square yard in 24 hours in 24 equal volumes, discharged at intervals 
varying from 20 minutes at midday to two hours at night. 


* Tam also greatly indebted to Mr. Garfield for ssnding me samples from time to time during 1902 and 1903, and for 
many valuable suggestions in connection with the work. 
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ILFORD 


Results of the Bacteriological Examination of Samples, as 
under i— 


CRUDE SEWAGE. 

TANK LIQUOR. 
EFFLUENTS FROM SHALLOW FILTER. 
EFFLUENTS FROM DEEP FILTER. 


Ae Coo tlO USE ON, 
July 24th 1904. 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION 


Soa nT we pe ose ey ee : 














1 
ie ee “Chief Biological Charac= 
2 cs the strain of B. 
Description of the Sample. Number of B. Coli (or closely oli present in the 
allied forms) in 1 c.c. mages ag Ae 


Total Number of | (primary broth cultures (43 hours 


i " ————— 
Cr EP Te Bacteria mm 1 ¢.c. at 37° C.) and subsequent Gas. |Indol.| (q) 4cidity, 














surface gelatine plate method). |= 7 figie (b) Clot. 
Time of Collection. oo 6 
eee £5,| Bb Seri) 
Awes| a cultures, o 
PS Nae esl 5 eee Ps 
No. z Other Details. 1 | 10 | 100] 1,000 10,000] 100,000|%, Ss] 5 | days at 
S “o Gelatine | Agar at |-—|——|——|-—— BOs) 2 2 Py haa C9} 
Four. & 5 g 5 ° 1 | -1| -01] -001 | 0001} -v0001\ 35 |} oe 3 
4 = m Bb 20 br C. c.c.| c.c.| c.c.] cc. | Cc. | CC. 33 ae w) | 








44. | — 9 gs | 1901 | Ilford crude sewage .. Ao ue 5,960,000 + + “F et ou 
=F — 15 8 | 1901 | Ilford crude sewage 8,900,000 + + + <P + 
me _ 23 8 | 1901 | Ilford crude sewage 4,900,000 + + + + + 

t 

| 
3,660,000 + + + ra + 


82 


58 


583 ., | 24 hours 15 7 | 1903 | Ilford crude sewage .. AG Ag 
average | 

585 .. | 24 heurs | 16 7 | 1903 | Ilford crude sewage .. ae a6 oes 
average 

587 .. | 24 hours 16 » | 1903 | Ilford crude sewage (taken over weir lip) 
average 


63,200,000 | 7,200,000 





40 | 1901 | Ilford crude sewage, .. -- e -- | 36,200,000 | 8,240,000 








cate ee 27 8 | 1901 | Iiford crude sewage .. ers Re on 
: 
| 
Ae 4 p.m. | 9 | 1901 | Iiferd crude sewage .. ee Be a 


a 29 10 | 1901 | Ilford crude sewage ., we Bc 





1.. | 24 hours i 7 | 1908 | Ilford crude sewage .. ae 
average 


























49,700,000 | 6,476,667 | 5 samp'es at 100,000 per c.c. 5 out of 5, both indol and 
AVERAGES clot 
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B. Enteritidis Sporogenes Test. 


se Indol Test Spores of bas enteritidis , Weert Test. a 
: E . sporogenes (Klein’s “ enteritidis | “‘Gas” production in gelatine 
Indol ri Teer Oy direct change” in anerobic milk “shake” cultures, 24 hours at 
y i cultures). Cultures heated to 20° 


80° C. for 10 minutes. 
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Neutral-red Broth Tes‘. 
Greenish-yellow finorescence, 
48 hours at 37° C. 
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+ 
+ 
+ + { — +/— 
+ +) - +} — 
+ oe ee + 
+ +} — — 

+ - +{ — 


de 
AX 
fe 
le 
a | 





® samples at 106,000 per c.c. ccc. (24 hours at 20° C.) 


3 
Soa SD ete 
2 Fe » 10,000 





samples at ano | er Varied from + O01 to + 000] © 





1 | ‘1 | -OL | °001 | ‘0001 | “00001 
C.C.] €.C.| C.C.} C.C. | C.C. C.C. 




















9 samples at 100,000 per c.c. 





ivgeh 










302 APPENDIX : 


RESULTS OF THE BACTERIOLOGICAL EX AMINATIO} 











































i 2 3 4 
= Chief Liologica! Chara: 
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a eee een ana od 7 ae Bacteria im 1¢.c, at 37° C.) and subsequent Gas. |Inavl. (a) Acidity, 
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wee Bes 2.15 p.m. | 12 8 | 1901 | Ilford tank liqzor ae ae aa te 590,000 + + + + + 
+60... = 19 8 | 1901 | Ilford tank liquor Bes <, oe oe 1,290,000 Si aE — + +) 
+66 .. | 19.45 am. | 22 8 | 1901 | Ilford tank liquor ats <e oe : 
“¥3 .. | 10.30 a.m. | 28 8 | 1901 | Ilford tank liquor ne ae ae 50 5€0,000 260,000 ae ; 
= Ae Ye — 2 9 | 1901 | Ilford tank liquor = fe a .. | 4,600,000 | 1,200,000 + Cera ee + + 
~'83 .. — 18 9 | 1901 | Ilford tank liquor aye is a6 ae 8,400,000 980,000 ft + ci te ofa 
B — 28 10 | 1901 | Ilford tak liquor ne We mie .. | &,400,CCO | 1,980,000 + 
F — 29 10 | 1901 | Ilford tank liquor 
I _— IRI 11 | 1901 | Ilford tank liquor <o > = 
"p82 .. | 24 hours 14 7 | 1901 | Ilford tank liquor a ee M3 es 
average 
584 .. 24 hours 15 7 | 1901 | Ilford tank liquor a 
average 
586 24 hours 16 7 | 1901 | Ilford tank liquor \ 
average BNR 
5,490,000 | 1,028,543 1 sample at 10,000) per 3 out of 5, both indol 
- iO) gery 3, 100,000 f c.c. and clot ; 
AVERAGES .. 2 out of 5 chot, but no 
indol 
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i B. Enteritidis Sporogenes Test. 
Indol Test Spores of B. enteritidis “Gas” Test. Neutral-red Broth Test. 
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| surface gelatine plate method). - 3 eo (v) Clot. 
Time of Collec:ion. ee 3 : 
me i E.. es (Litmusmilk 
il 2335/9 so | cultures. 5 
No. }_—_—_—_—___—_—_——__ Other Dvtails. 1 | 10 | 100} 1,000] 10,006} 100,000|% “| © | days at 
Ss Gelatine | Agar at |-—|——|——|-——|—__ a e* Se 37° C.) 
~ | now, | § | € | ab20 Ct 87 ee ee ee eel vga ane | 
at = ~ Cc. G. . 2G. Ue s FA Gis (a) (0) 
43. ss _ 6 sg | 1901 | Effluent from shallow filter .. ee nr 980,00 39 + oP = oe 
SOs — 12 8 | 1901 | Effluent from shallow filter .. a 520,000 + + + F cf 
wy Ge — | 19 8 | 1901 | Effluent from shallow filter .. ae ee 500,000 Gr + a + + 
68 .. | 10.55 a.m. | 22 8 | 1901 | Effluent from shallow filter .. ee 
fae: _ 27 8 | 1901 | Effluent from shallow filter ..  .. .. 964,000 + ate ct; oT + 
q 
1S ~ % 9 | 1901 | Effluent from shallow filter .. 3 .. | 12,200,000 900,000 at = “0B Si ip 
8 .. — 18 9 | 1901 | Effluent from shallow filter .. we |e © 9,900;000 760,000 we ate ag a? + 
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11,109,000 800,500 2 samples at 10,000 ee 5 out of 6, both indol 
{ Gy » 190,000 § c.c. and clot 


AVERAGES : | 1 ae . 6, clot but no 
0 4 
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THE EFFLUENTS OF THE SHALLOW FILTER at ILFORD. 











B. Enteritidis Sporogenes Test. 


Indol Test Spores of B. enteritidis “Gas” Test. : Neutral-red Broth Test. 
Indol in broth cultures direct | 8POTogenes (Klein’s “enteritidis | ‘Gas” production in gelatine | Greenish-yellow fluorescence, . 
(5 days at 37° C) change” in anerobic milk “shake” cultures, 24 hours at 48 hours at 87° C, 
s cultures). Cultures heated to 20° C. REMARKS 


‘ 80° C. for 10 minutes. 











1 | 10 | 100) 1,000} 10,000) 100,000} 1 | 10 | 100] 1,000 10,000] 100,000} 1 | 10 | 100 | 1,000} 10,000} 100,000) 1 | 10 10) | 1,000 10,000} 100,000 


“001 | -0001 | “00001 
C.c.| C.c. C.C- 


700001 | 1 | ‘1 } °O1} °001 | 0001} ‘COCO1L} 1 | ‘1 )} ‘01 
C.C. | €.C.|'C.C.| C.C.} €.C, | €.6. | C.c. | C.C.| €.C.| C.c. 


‘O1 | 001 | ‘0001 
C.C.{ C.C. | CC. 


1} 1 | 701} 001 | -0001 } 00001} 1 | “1 
€.C.| C.C.| C.C.} C,C. | CC. c.c. | C.C.| C.c. 











q_K— 













































































| | 
| 
+ | 
| i 
+ | 
i 
fe SM es least 1,/000 | | 
}el— | | leajst 1,/000 
i 
+ +} — if t 
} 
: 
ae + = + 
+ ih +. 
+ — + — + | 
+} + | 
+ +] — + 
1 sample at 10,000) per 2 samples at 19 Varied from + ‘1 to + ‘Olc.c 2 samples at | 0 
5 ; =e east 1,0 
7 yy x, 100,000 f c.c. 2 rs »°  100{ per (24 hours at 202 C.) ° 6 i 100 000 - o 
ee » 1,000 f ec. ‘ a 
it 2S 1 10,000 
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Resutts OF THE BACTERIOLOGICAL EXAMINATION OF 





1 ; : a 
Chiet Biological Charac. 


ters of the strain of B, 
Coli present in the 
number specified in ~ 
Col. 3. 





————— need 





——— Or 









Number of B. Coli (or closely 


Description of the Sample. 
allied forms) in 1 ¢c.c. 


















Total Number of (Prima 
- : ry broth cultures (48 hours |——____VO. 9 
rh Orr} Bacteria in 10.0, at 37° C.) and subsequent Gas. |Inaol. (a) Acidit 
, surface gelatine plate method), |: 2 Pete ba.) Clot 
Time of Collection. fee aS . 
A S| 8b (Litmusmillk 
; Pt e5 : cultures, 5 ~ 
Other Details. 10 | 100 | 1,000] 10,000} 100,000 ye Bs days at 
Gelatine } Agar at |-—|—-|—_|-—_|—__|—_—_|= 5] «2 87° C.) 
at2oc. | 37c 001 | *0001 | -00001 | 3 | os 
H 2 C.c. Ce jog 
oe (Se! @ | @®- 










































































[ 
42 Or, — 6 8 | 1901 | Effluent from deep filter as es a5 938,000 j | ! + ae + af + 
j 
40xC — 12 8 | 1901 | Effluent from Ceep filter 460,000 + — alk. | eo 
Sls A _— 19 8 | 1901 | Effluent from deep filter me 700,000 + + + + 
67 ,. | 20.53 a.m. 22 8 | 1901 | Effluent from deep filter 5 
| 
74 _— 27 8 | 1901 | Effluent from deep filter ae 0 264 000 + + + oo 
77 _ 2 9 | 1901 | Effluent from deep filter 9,400,000 660,000 + 25 + + 
84 — 18 9 | 1901 | Effluent from deep filter ae te 20,000,000 670,000 + + + ‘ + 
C — 28 10 | 1901 | Effluent from deep filter a 17,700,000 850,000 
G — 29 10 | 1901 | Effluent from deep filter 
| 
K —_ 11 11 | 1901 | Effluent from deep filter > set 1,900,000 430,000 
it 12,250,000 619,000 lsample at 10,0°0) per 5 out of 6, both indol 
AVERAGES .. 7 ” ” 1€0,0C0 c.c, aud clot 


1 out of 6, neither 
{ indol nor clot 
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THE EFFLUENT FROM THE DerEp FILTER At ILForpD. 























(ce 
5 ge 
i  — — 
B, Enteritidis Sporogenes Test. 
Tndol Test Spores of B. enteritidis “Gas” Test. : Neutral-red Broth Test. 
Indol in broth cultures direct | 8POrogenes (Klein’s “ enteritidis | ‘“‘Gas” production in gelatine | Greenish-yellow fluorescence, 
esa (5 days at 37° C) change” in anerobic milk “shake” cultures, 24 hours at 48 hours at 37° C. 
y , cultures). Cultures heated to 20° C. 





80° C. for 10 minutes. REMARKS, 





10 | 100 } 1,000 10,0044 100,000 
“01 | ‘001 | “0001 | -00001 
C.c. c.c. 








10 | 100} 1,000} 10,000} 100,00 


“001 | °0001 | 00001} 1 
C.c, | C.Ce 


i | 10 | 100] 1,000] 10,000} 100,000] 1 


1 | ‘1 | 01} °001 | ‘0001 | 00001) 1 | 1 
C.C.} €.C.| C.C.] C.c.} CC, | C.C. | CC. C.C. 








10 | 100 | 1,000] 10,000] 100,000} 1 


*001 | 0002 | ‘00001 | 1 | ‘1 | ‘01 
C.C.] C.C. | CC. | C.C.| CC.) C.C. 



























‘01 
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| | | 
; | 
| 
; | 
, Fel) ae Te |e At least, 1,000 
| 
EES) ees | Se ae At lleast: 1,000 
| | | 
| + se | Eat + 
| 
a Stel hee + | — ‘5 
| 
+ +o} = f= + 
a ochre + 3 te 
a8 — te) SS + 
{ 
| + +} — +} — + 
| 
1lsample at 10,000) per 2 samples at 10 Varied from + *1 to + ‘Ol c.c. 2 samples at least 1,000 ae 
Fane eee 150'0- 0. C665 ee nT OO per (24 hours at 20° ) infeape 10,000 } Per 
ak es » 1,000 {c.c. 100,000 j ~* | 
1 ” ” 10,000 H 
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Results of the Bacteriologiwal Examination of :— 


CRUDE AND SCREENED SEWAGES. 

SEPTIC TANK LIQUORS. 

NEW LEEDS FILTER EFFLUENTS. 

NEW LEEDS FILTER EFFLUENTS AFTER SETTLEMENT. — 

NEW LEEDS FILTER EFFLUENTS AFTER SETTLEMENT 
AND FILTRATION. 

OLD LEEDS FILTER EFFLUENTS. 

MANCHESTER BED EFFLUENTS. 

DUCAT FILTER EFFLUENTS. 

CAMERON BED EFFLUENTS. 

WHITTAKER BED EFFLUENTS. 

WHITTAKER BED EFFLUENTS AFTER FILTRATION. 
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GENERAL TABLE OF RESULTS. 
Summary of Results under :— 


CruDE AND SCREENED SEWAGES. Oxp LrEps Fitter EFFiuents. 


Septic Tank Liquors. MancHESTER Bep EFFLUENTS. 
New Leeps Fitter Err.veEnts. Ducat Fitter Errivents. 
New Leeps Finter ErrLuEnts AFTER SETTLEMENT. CaMERON Brep ErFrLuENTs. 
New Lreps Firrer ErrLuENtTs AFTER SETTLEMENT WHITTAKER BED EFFLUENTS. 
AND FILTRATION. WHITTAKER Bev EFFLUENTS AFTER FILTRATION. 





GENERAL REMARKS. 


AppENnpuM A.—Analysis of the biological attributes of the B. coli or coli-like microbes isolated from 
the various samples. 


* AppENDuUM B.—Results of the bacteriological examination of the Léeds precipitation effluent. 
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1 2 8 4 
hn “Chief Biological Charac- 
ters of the strain of B. 
Description of the Sample. Number of B. Coli (or closely Coli present in the 


B.S.=Bile Salt Glucose Peptone number specified in 


allied forms) in 1 ¢c.c. 











































































































Test (+ = acid and gas). (Primar Col. 3. 
4 : y broth cultures (48 hours 
Moat Ch we aeld eas ond clot), | _ 86 87°C.) and subsequent | Gas. [Indol (,) 4 ciaity, 
est (+ = ease * | surface gelatine plate method). |x # b) Clot, 
4 i oa | s>| (©) Clot. 
Time of Collection. id 3 oO 
ice a Sane eee Be |(Litmus milk 
No Other Details SSC] go] ee 
; : wi 1 | 10 } 100] 1,000] 10,000] 100,000} 1 | 10 | 100] 1,000] 10,000] 100,000 oe ae are 
: a : Paes aS (a a ee Se ee ee Se 87° C. 
Hour. e | 8 5 1 | -1 | 01 | 001} 0001} ‘00001 | 1 | *1 | 01} :001 | -0001 | 00001 cee oF 
A = al C.C;| (G6. hC. 616. Caf 36.C. {au CiC. 84/6,6. 1-6.) |C.G:10C.Con| eG C, mG. Cs Se BSsl@|l @ 
ee 
] | | a 
| ee a | ns. | 
LS ves ela I= 4 2 | 1902 | Crude Sewage, average sample .. | | Je 
6 p.m. | | | 
| | | 
| | | 
| | B.8. | 
2 .. | 10am.- 12 2 | 1902 | Crude Sewage oe “6 ag | agi 
4 p.m. | | | 
| 
| | | B.S. 
8 .. | 9a.m.- 19 | 2 | 1902 | Crude Sewage ‘ a6 5e | + — | 
4.30 p.m. | | 
| | 
B.S. 
4 os | Qa.m— 25 2 | 1902 | Crude Sewage oF ie ee + | 
4p.m. | ; 
| | b | B.S 
5 .. | 9a.m.- eae: 3 1902 | Crude Sewage Se 30 An + 
4pm. | | sacs 
| | | | | | 
| | : | \L.P.M.| B.S. | 
Go. 9 a.m. 12 ; 3 | 1902 | Crude Sswage a4 ne 5 + + 
4 p.m. | | | 
B.S. | 
7 10am.- | 19 3 | 1902 | Crude Sewage al e | 
4pm, | | L.P.M. | 
| Bs | 
Sane Slo Debt. | 2 4 | 1902 | Crude Sewage, chanze sample .. + 
| | L.P.M. 
9 — |78 | 4 | 1902] Crude Sewage .. Lal he a ee ee ee 
ee 
10 .. | 24 hours | 14 4 | 1902 | Crude Sewage at ve ak — — + aa + + 
| | | 
| as P.M. | . 
lees. ~ | 26 4 | 1902 | Crude Sewage, chance sample .. | as = 
| | 
12 ..| 24 hours |15-16| 5 | 1902|Crade Sewage .. .. | | wee ee er ee ee 
| 
| 4 
13... | 24 hours | 28 5 | 1902 | Crude Sewage Ae 
| | 
14 .. | 24 hours |11-12| 6 | 1902] Crude Sewage .. .. .. | el + +} + t+] + 
| | | 
| | | | 
i jest =a 118-19} 6 | 1902 | Crude Sewage... ict | a — + + aa + 
is | | 
d6m oe — lee 7 | 1902 | Crude Sewage i ae eon} -| 
| | 
17... | 24 hours 12 S§ | 1902 | Crude Sewage .. wa | 
| | 
ie ae — Hants 8 | 1902 | Crude Sewage, chance sample .. + as ae et SF 
| - BS. i 
1 A lier ~ 30 8 | 1902 | Crude Sewage, chance sample .. | a + + ie oe ae 
L.P.M.| | 
| | aid 
20. = 7 10 | 1902 | Crude Sewage ss a oe | on + + se oe sie 
| L.P.M. 
21 | 2 + | B.S. 
ON os. — 20 10 | 1902 | Crude Sewage, chance sample .. | + \ ae =i “ *e = 
| ; 1a PLM. . 
22 ..| Qthours | 23 | 10 | 1902 | CrodeSewage .. -.  .. | pai - 1 gee 
| L.P.M. 
23 ..| 24 hours 30 10 ! 1902 | Crude Sewage oe Ky aa | 
| | 
Bi 4 | 24-hours | 12 el | 1902 | Crude Sewage < 
| 
| 
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B. Enteritidis Sporogenes Test. 


Indol Test. Spores of B. enteritidis “Gas” Test. Neutral-red Broth Test 
. sporogenes (Klein’s “enteritidis | “Gas production in gelatine reine 
Indol ‘Gite direct change” in anzerobic milk “shake” cultures, 24 hours at eae oe 
: cultures). Cultures heated to 20° C. i 


80° C. for 10 minutes, REMARKS, 


1 } 10 | 100 } 1,006} 10,000} 100,00C} 1 | 10 } 100} 1,000} 10,000] 100,000] 1 } 10 | 100} 1,000] 10,000] 100,000] 1 | 10 } 100} 1,00( | 10,000} 100,000 


“001 | *0001 | 00001 } 1] “1 | 01 | -001} ‘0001 | 00001 | 1] °1} 01} 001] -0001| 00001] 1 | “1 | 01] 001 | “0001 | “00001 
€.C.} C.C.) C.C.) CC. | C.C, | C.C. | CC.) C.C.]C.c.| C.c.] Cc. } ©. |e) cc]c.c] cc} cc. | Ge. | CC.) cc.) C.c.] Cc. | CC. | CC 













































































| { | 
+] — +} | A ert 
fi — +) — ar 
} { 
+|— = oe thoes | 5 2 
| 
= oe te = is 
+i — 4+) — + 
{ 
+ + | + 
| 
+] — + | — Pe | f: 
| | 
+} — + = | aE 
i 
=f 
Gelatine at we aco mfcres 
: ee Agar at 87° C., 700,000 PEP °% 
Gelatine at pet coo eet es 
| vy ? : 
| Agar at 37° C. 5,100,000 BEE OSs 
| 
ie 
+ ) | 
+1 — | | a | Sia 
| | I 
S -: | | 
} | 
+ —_— 
ce 
| 
aah | 
or Fe | | 
[ | 
| | 
| } 
rl tote | 
| } : 
} No streptococci could be found 
t } in *001 c.c, agar (at 37° C.) 
| | 
24 
= hrs. 48 hrs. ts ; 
ae ie Sg pa + | - 
aR | 
+{— ba. | ai 
+ | 
+} — howe = 
| 
ae I 
delete ete 
+ 
2 Ne ee -— 
| 
execs oct Agar at 37°C. 1.900 000 microbes 
Bt allroad per ¢.c, 
| 
} 
Agar at 37°C. 1,700,000 microbes 
te — | per c.c, Cane-sugar test + 
| “0001 ; —-00001 c.e. 
i 
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RESULTS OF THE BACTERIOLOGICAL E 


fen Se Sr eee 


Description of the Sample. 








No e_——_—_— 
Hour e E $ 
A Ss val 
a | 
Ds 4,25 p.m. 28 1 | 1902 
| 
26 10 p.m.- 5 2 | 1902 
6 a.m. | 
27 .. | 24 hours 20 2 | 1902 
| 
28 24 hours 25 2 | 1902 
29 9 a.m.- 4 3 1902 
4 p.m. | 
| 
30 9 a.m.- 12 8 , 1902 
4 p.m. | 
| 
81 12 a.m.- 19 3 | 1902 
4p.m. 
| 
32 24 hours 14 4 , 1902 
83 ..| 24hours | 20 2 | 1902 
| 
Bh re — 25 2 | 1902 
35 24 hours 4 38 | 1902 
alii oq 24 hours 12 3 1902 
| 
37 12 a.m.— 19 3 | 1902 
4 p.m. 
38 2.20 p.m. 2 4 | 1902 
89 .. | 24 hours 28 4 | 1902 

















Other Details. 


XAMINATION OF LEEDS CRUDE SEWAGE 








Chief Biological Charac- 
ters of the strain of B. 
Coli present in the 


Number of B. Coli (or closely number specified in 


allied forms) in 1 ¢.c. 


B.S.=Bile Salt Glucose Peptone 




















Screened Sewage going into’ New | 
Leeds Bed, chance sample | 


Sereened Sewage for New Leeds | 
Filter | 


Screened Sewage sent on to New | 
Leeds Filter 





Screened Sewage going on to | 
New Leeds Bed 


Screened Sewage for New Leeds 
Filter 


Screened Sewage for New Leeds 
Filter 


Screened Sewage for New Leeds 
Filter 


Screened Sewage for New Leeds 
Filter 


Screened Sewage for Old Leeds 
hilter 


Screened Sewage, 24 hours aver- 
age going on to Uld Leeds Bed 


Screened Sewage for Old Leeds 
Filter 


Screened Sewage for Old Leeds 
Filter 


Screened Sewage for Old Leeds 
Filter 





Screened Sewage going on to Old 
Leeds Filter (chance) 


Screened Sewage for O11 Leeds 
Filter 


Test (+ = acid and gas). |-pyimary broth cultures (48 hours AE at ee 
L.P.M. = Lactose Peptone Milk ( at ae G.) aa Leet Gas. |Indol (a) Acidity. 
Test (+ = acid gas and clot). | surface gelatine plate method). 2 | | (6) Clot. 

Ad og ov q 
wil ot bey ead eee eel seamen OT Se |(Litmus milk 
| chi 2° | cultures, 6 
1 | 10 | 100 | 1,000 10,000] 102,000] 1 | 10 | 100 | 1,000} 10,000 100,000 9 “s. bs days ab 
—— | | —_ | — _- | —_|—_| —_! —_ | -—__ —_| ——-— |-4 9 m P he 
1b {or} o01 | coor | coor | a | <1 |-01| -001| -0001 | -ov001 |S 2 | BB 
¢.c.| c.c.|¢.c.| c.c.| cc. | ec, ]C.0.}¢.c.|e0.| cc. | cc. | cc, Se ae | @ | () 
| 1 if a * ae 
| | B.S. 
a 
| i 
| 
| | 
ee a « | + | + |Alkali]) — 
| 
| i 
{ices rome ee ee 
a ah; ca mee es” Gita ow 
B.. 
+ 
L.P.M.| B.S. 
+ | + 
B.S. 
+ 
L.P.M 
| B.S. 
+ 
L.P.M. i 
+ — - ai + + 
B.S. 
+ 
+ | — | lees ieee 
+t os f= pee eee 
if 
B.S. 
+ 
L.P.M. 
| . : 
B.S. | L.P.M. 
+ | + 
\ 
B.S. | L.P.M 
a 
J 





AVERAGES : 
Inclusive of all the results. 





















































10 out of 16, both in< 
dol and clot. 

3 out of 16, neither in+ 
dol nor clot. 

1 out of 16, clot but 


5 samples at 10,000) per 
ple in » 100,000 J c.c. 
», 100,000 J c.c. ! 


Bile salt glucose peptone test:— 
3 samples at 10,000) per 
18 


” 


Lactose pertone milk test :— 


8 samples at 10,000) per no indol. 
2 9 » 100,000 f c.c. 2 out of 16, indol but 
no clot. : 


a 


1 | 10 | 100] 1,000} 10,000} 100,00C] 1 | 10 | LOU} 1,00. | 10,000] 100,000) 1 | 10 
—_—|——_ | )s FS I EF | | SF | ) | | | J |] ] 
1] .1]} °0 | 001 | 0001 | 00001 1} *1 | °01 | ‘Ov1 | 0091 | 00001 | 1 | +1 | 01] -001 | 0001 | -00001 
GsCo| C.C.} C.C.| C.C. | C.c. | @.c. | ¢.c.| c.c.}-c.c.] c.c.] c.c. | cc. |ec.|¢.c¢{¢c.| ce] ©c. | ec. 
aa ma am me en 
5° |) ae feats = 
+ cote 
| 
| 
+ — 
ae 
| 
+ +] — 
+) — + 
| 
+} — +) = 
38 + _— ale _ 
+ — 
| 
i = te es 
+ 
+ 
+ mas + — | 
+e — | + = 
ce le = +P = 
al 
6 samples at 10,000) per 8 samples at 100) nor Usually from +01 to + -001c.c. 
» ~-y_:100,000 f c.c. 19 tienes 8 TO00 » : (24 hours at 20° C.) 
2 ” ”» 10,000 aes 
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AND LEEDS SCREENED SEWAGE FOR New AND Otp Leeps Fintrers—Continued. 





Indol Test. 
Indol in broth cultures direct 
(5 days at 37° C). 














B. Enteritidis Sporogenes Test. 


Spores of B. enteritidis 


sporogenes (Klein’s ‘“‘ enteritidis 


change” in anerobic milk 
cultures). 











80° C. for 10 minutes. 








Cultures heated to 

















“Gas” Test. 
“Gas production in gelatine 
“shake” cultures, 24 hours at 
20° C. 























Neutral-red Broth Test 
Greenish-yellow fluvrescence, 
48 hours at 37° C. 


Ad) ee! 


C.C.| C.C.] C.C.| C.C. 
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3 samples at 10,000 \ per 
100,000 f c.c. 


20 





» 








LUO} 1,000} 10,00: | 100,000} 1 | 10 | 100} 1,00 10,001} 100,000 
01 | °001 


“OCO1 | 00V01 
c.c. | C.C. 
+ 














| Agar at 37° C. 530,000 
| 


| Gelatine at 20° C. 


| Agar at 37° C. 3,000,000 
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REMARKS. 


a 


Gelatine at 20° C. . 
microbes 
16,000,000 } per ¢.¢. 


50,000,000 \ microbes 


| Agar at 37°C. 3,500,000) Per °° 


86,000,000 


: . 
Gelatine at 20° C. ae 


per c.c. 


microbes 


Gelatine at 20° C. 
per ¢.c. 


31,000,000 
Agar at 37°C. 520,000 


10 000,000 Fr eree 


Gelatine at 20° C. mileroves 
Agar at 37°C. 100,000 


microbes 


25,000,000 (rr 


Gelatine at 20° C. \ 
Agar at 87° C. 660,006 





Gelatine at 20° C. A 
39,625,000 | Microbes 


Agar at 37°C. 2,271,000) Pet &°- 


258 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF OPEN SEPTIC TANK LIQUOR FOR WHITTAKER BEDS; CLOSED SEPTIC TAD 











1 2 3 ; 4 








Chief Biological Charac- 
ters of the strain of B. 


iene * Coli present in the 
Doser AOE Os EBs Banke: B.S.= Bile Salt Glucose Peptone Number of B. Coli (or closely 


allied forms) in 1 ¢.c. “number specified in 





































































































Test (+ = acid and gas). |p. ary broth cultures (48 hours Col. 3. 
= L.P.M. = Lactose Peptone Milk Rene a C) Hae od etees 5 Gas. |Indol. (a) Acidit 
Test (+ = acid gas and clot). surface gelatine plate method). |; 2 SY. b) Clots” 
Time of Collection. = 3g a oS 
Se | Se |(Litmus mill 
Sass ; j 233) 3° | cultures, 5 
No. i— Other Details. 1 | 10 | 100} 1,000} 10,000] 100,000] 1 | 10 | 100} 1,000] 10,000} 100,000, 2 re be ie 
a * —— | OO OO | | | I OR n . 
Hour. Salsa thee 1 | “1 | ‘01 | “O01 | “0001 | 00001) 1 | “1 | “01 -001 | 0001) oon (3 | Sel 
B S a C.C.] C.C.]'C.C.| €.c. | ¢.c. Chey | Woes aa CCG. C.0 Ose, C.c, Se as (a) | (6) 
B.S 
1 4.30 p.m.| 28 1 | 1902; Open Septic Tank Liquor. hs | 
Chance sample 
B.S. 
2 10 a.m.- 4 2 1902 | Whittaker Effluent from Open = ; 
6 p.m. Septic Tank, Nos. 1, 2, and 3 
B.S. 
Bee. t| 2058. m= LD else 1902 | Septic Tanks 1, 2, and 3 sent on + 
4 p.m. to Whittaker Bed 
B.S. 
4 9 a.m.- 19 2, 1902 | Septic Tank Liquor for Whit- + 
4.30 p.m. taker Bed 
B.S. 
5 9a.m.=- 25 2 1902 | Septic Tank Liquor for Whit- + 
4 p.m. taker Bed 
: B.S. 
6 9am.- 4 8 1902 | Septic Tank Liquor for Whit- + — 
4 p.m. taker Bed 
B.S. 
7 9 a.m.- 12 3 | 1902 | Septic Tank Liquor for Whit- + | 
4 p.m. taker Bed 
L.P.M] B.S. 
8 10 a.m.- 19 8 | 1902 | Septic Tank Liquor for Whit- + + _ 
4 p.m. taker Bed ; 
| ‘ 
Siaee. = 2 4 1902 | Open Septic Tank Liquor going + 
on to Whittaker Bed (chance) L.P.M. 
L P.M] B.S. 
10 24 hours 7-8 4 1902 | Septic Tank Liquor for Whit- + + —_ 
taker Bed 
11 .. | 24 hours 14 4 1902 | Septic Tank Liquor for Whit- oS - 
taker Bed 
L.P.M. 
12 ae = 26 4 1902 | Septic Tank Liquor for Whit- ah 
taker Bed (chance sample) 
B.S. 
eo tats 24 hours 7 5 | 1902 | Septic Tank Liquor for Whit: + = 
taker Bed L.P.M. 
Aa dacs 24hours |11-12) 6 1902 | Septic Tank Liquor .. .,. .. + _ 
ELD Sy 2 _ 26 8 | 1902] Septic Tank Liquor, chance é + 
sample 
16 en 4 3 1903 | Septic Tank Liquor as sent on 
to Whittaker Bed 
B.S 
17 10 a.m.- 4 2 ; 1902 | Closed Septic Tank Liquor for 7 
6 p.m. Cameron Bed, 
B.S. 
18 .. | 10 a.m.- 12 2 1902 | Closed Septic Tank Liquor.. = 
4 p.m, 
B.S. 
195 2 4 9 Bm— 19 2 | 1£02 | Covered Septic Tank Liquor .. Es 
4.30 p.m. i) 
B.S. 
20 9 a.m.- 25 2 | 1902 | Covered Septic Tank Liquor ., ca 
4 p.m. 
B.S. 
21 9 a.m.- 4 3 | 1902 | Closed Septic Tank Liquor ei 
4 p.m. 
22 .. | 10a.m- 19 3 | 1902 | Closed Septic Tank Liquor a + = 
4 p.m, 
' 
B.S. 
23 2.30 p.m. 2 4 1902 | Closed Septic Tank Liquor cae 
(chance sample) L.P.M. 
‘ B.S. 
24 24 hours 7-8 4 1902 | Septic Tank Liquors for Cameron Eee cs 
Beds L.P.M be 
L,P.M| B.9. 
25 24 hours 14 4 1902 | Closed Septic Tank Liquor ae + “1 — 
26 24 hours 7 5 | 1902 | Closed Septie Tank Liquor, im a 
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a 5 ; 6 7 H 8 4 
' 
——————— (Sa gPRSP A ITE ISS BS TST SRT Se RE RE IE a Sar EB) 
7 B.-Enteritidis Sporogenes Test. 
:  tndol Test Spores of B. enteritidis “Gas” Test. : Neutral-red Broth Test. 
lin broth cultures direct | SPorogenes (Klein’s “enteritidis | ''Gas” production in gelatine Greenish-yellow fluorescence, 
Indo. iA pe sata CO). change” in anerobic milk “shake” cultures, 24 hours at 48 hours at 37° C. 
; pe aey cultures). Cultures heated to 20° C, 
ae ; 80° C. for 10 minutes. REMARKS, 
1 | 10 | 100 1,000} 10,006} 100,000} 1 10 | 100 | 1,000; 10,000] 100,000} 1 ! 10 | 100} 1,000) 10,000} 100,000} 1 } 10 | 109} 1,000) 10,000) 100,000 
*0i | 001 | -0001 } 00001} 1 ‘1 | ‘O1 | O01 | -0001 | -00001] 1 “1 | °O01 | *001 | ‘0001 | 00001] 1 “1 | 01 | *001 | ‘0001 | ‘00001 
C.C.] C.C.] Cic. | c.c. Cu | Ch] CC.) C.6.| 16.6.) Cc. ec. | c.c.| C.c,| ¢.c.] ¢.c, | ¢.c. | ¢.c. | ¢.c.) C.c.| c.e.| <c. | c.c. c.c- 
SSE, eae 
+ of == +} — + = 
et |e +] — + — 
+ | — + }— Ae — 
| 
+ | — +} oi _ 
| 
qe il = +) — | + = 
te ere + + 
: ae a + | -~ + 
+] — +} — + 
- | — +} — + - 
+) — + | — | Pe es 
+- ! Gelatine at ete coo | mice 6 
” ? 
| Agar at 37° C. 160,000) Pet °° 
+} — +f—|- p+] = 
. I 
as Bes yee 48 1 
24 hrs. 
hrs. + | 
=f cir = +} — = + 
ale aa 
“ll Saeed oe Agar at 37° C. 60,000 microbes 
per ¢.c, 
1 i 
ee ee | — =f == 
: +} — + | Deeg 
+]-. +|— | - 
+) — +) — 4+: ~ 
+P — + | — =f — 
“f Gelatine at ee ago | nerobs 
: Agar at $7°.©,” 70,000) Pet oo 
ao 
+] — Fi] — : 
+] — +|— + — 
- +} — +{— +] — 
— Gelatine at ee sa ae mucrabes 
} 'y 2 
Agar at 37°C. 230,000 J Pet ©° 
\ 








282 
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a arene re reeneenree iene 
RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF OPEN SEPTIC TANK Liquor FoR WHITTAKER BEDS ; CLOSED SEPTIC TANK 


2 8 cy 


Chief Biological Charac- 
ters of the strain of B. 


: Coli present in the 
B.S.=Bile Salt Glucose Peptone| mpi teers ete a number specified in 


Test (+ = acid and gas), (Primar Col. 3. 
ri y broth cultures (48 hours 
L.P.M. = Lactose Peptone Milk at 37° C.) and subsequent Gas. |Indol. (a) Acidity, 















Description of the Sample. 































































































































Test (+ = acid gas and clot). | stace gelatine plate method). |: 2 ~~ | (db) Clotal 
Time of Collection. 2a | BS 
S58 | 3: \Litmus milk 
Sets} 3 | cultures, 5 
No. ; Other Details. 1 | 10 | 100} 1,000} 10,000} 100,000} 1 | 10 | 100 1,000} 10,000} 100,090 Bee ea ari 
‘ a . areas tliaa | eee (Genes oe lao a S| S| | ee OR nm mee 
Hour. col a 8 1 | ‘1 | 01 | -001 | -0001 | 00001} 1 | +1 | -01] -001 | -o002 | -o0001 33 es 
a S val C.C.] C.C.1'C.C.] C.c. | Cc. | cc. |¢c.|¢c.} cc} ec. | cc. | ec. Ss Bis | (a) | (by 
27... | 10 a.m.- 4 2 | 1902 | Open Septic Tank, Nos. 1, 2, and 
6 p.m. 38, for Ducat Bed 
28 .. | 10 a.m.- 12 2 | 1902 | Septic Tank Liquor, Nos. tee; 
4 p.m. and 3, for Ducat Bed 
29 .. | 9a.m.- 19 2 | 1902 | Septic Tank Liquor for Ducat 
4.30 p.m. Bed 
30 .. | 9a.m.- 25 2 | 1902 | Septic Tank Liquor for Ducat 
4 p.m. Bed 
31 .. | 9a.m.- 4 3 | 1902 | Septic Tank Liquor for Ducat 
4 p.m. Bed 
82 .. | 9a.m.- 12 3 1902 | Septic Tank Liquor for Ducat 
4 p.m. Bed 
BS. eee 10am 19 3 | 1902 | Septic Tank Liquor going on to oe + 
4 p.m. Ducat Bed 
Shen) 2:30ip me 8 4 | 1902 | Septic Tank Liquor going on to = 
Ducat Bed. Chance sample 
35 .. | 24 hours 7-8 4 | 1902 }) Septic Tank Liquor for Ducat 
Bed | 
86 .. | 24 hours 14 4° | 1902 | Septic Tank Liquor for Ducat 
Bed 
Sita — 26 4 | 1902 | Septic Tank Liquor for Ducat | 
Bed, chance sample | 
| 
38 .. | 24 hours ii 5 | 1902 | Septic Tank Liquor for Ducat 
Bed 
89. 19 a.m. 5 2 | 1902 | Septie Tank Liquor sent on to ie i = — 
Manchester Beds, average of 2 
fillings 
a) aoe — 12 2 | 1902 | Septic Tank Liquor, flowing into | + 
| No. 1 Bed, average of 2 fillings : 
242 Sc - 25 2 | 1902 | Open Septic Tank Liquor, as run \ ai —_ 
on to No.1 Bed, average of 2 
fillings 
oye" tah — 4 3 | 1902 | Septic Tank for Manchester Biz opt 
Beds. Two fillings 
| 
4S is - 14 3 | 1902 | Septic Tank Liquor for Man- aF + 
chester Beds. Two fillings 
44 .. | 24 hours 7 5 |-1902 | Septic Tank Liquor for Man- Be ae WSs 
chester Bed i , 
| 
=" Fa eres eee ee a a 
Bile salt glucose peptone test: 2 samples at 1,000 er | 8 Out of 13, both indol ‘ 
1sample at 1,000 | an 8 s » 10,000 - and clot. 
a “5 » 10,000 me 3 As » 100,000 “| 3 out of 13, neither indol 
AVERAGES: 20) is, es LOU O00 ae ae nor clot. 
Tuchuisive of all the results. 2 out of 13, clot, but no — 
Lactose peptone milk test : indol. 
3samples at 1,000 
OF oe 10,000 L Ber 
1} BP ens, gioncue sie 
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nnn er earnrnnnennnnEnnen nent 


LIQUOR FOR CAMERON BEDS ; OPEN SEPTIC TANK LIQUOR FOR DUCAT BED; AND OPEN SEPTIC TANK LIQUOR FoR MANCHESTER. BEDS. 





5 | 6 7 8 9 


——————— eee 


—— —~e, 










B. Enteritidis Sporogenes Test. 


Indo! Test Spores of B. enteritidis “Gas” Test. ; Neutral-red Broth Test. 
dol in broth cultures direct | 8POTogenes (Klein’s “ enteritidis | ‘‘Gas” production in gelatine | Greenish-yellow siege 
Indo aay 3 at 37° C) change” in anerobic milk “shake” cultures, 24 hours at 48 hours at 37° C 
2 cultures). Cultures heated to Ie 
80° C. for 10 minutes. REMARKS, 


4 






‘10 100 | 1,000} 10,000] 100,000} 1 | 10 | 100} 1,000] 10,000; 100,000} 1 | 10 | 100 | 1,000) 10, 100,000} 1 | 10 | 109} 1,000) 10,000) 100,000 


ES Se ae, SS | Se Pa eS) ae — | | | | | | | 


1 } ‘1 | ‘01 | 001 | ‘0001 | 00001} 1 | ‘1 | °O1) °001 | ‘0001 | 00001} 1 | ‘1 | “OL | 001 | -0001 | ‘00001 
C.C,| €.C.| C.c.] C.c. | C.c. C:C. 1 C3Cs| C-6.|'C.C.C.C.) 1 0.0.9], €.C;, 41 C.6.] C.e-|.G:05)) C26, |) C2 c.c- 





1} 1 | 01} “001 | -0001 
€.€.| C.C.] €.C.} C.c. | C.C. 





$$ 

















{i ee eee 

















Gelatine at 20° C 





340, nae es 
gar at 37° C. 230,000) Pere 

Gelatine at 20° C 

11,000 000 L microbes 

Agar at 37°C. 1,000,000 J Per &-¢- 











Gelatine at 20 C. \ ferob 
11,000,009 1 Mtcroves 


| Agarat37°C. 820,000) Per cc. 





Gelatine at 20°C. ‘ iorob 
| 9, 000 ,000 microbes 
Agar at'37°C. 670,000 | Per &c. 





Gelatine at 20° C. 
16,000, cant: microbes 


Agar at 37. C, 460,000) Per ¢-c. 


Gelatine at 20° C, \ 
(0,000 microbes 


7,5 
Agar at 87°C. ~ 90,000) Per cc. 


| Gelatine at we \ b 
700,00 0 microbes 


Agar at.37° a "680 000 f Se ae 


Gelatine at 20° © ) : 
12,000,000 | ™icrobes 
Agar at 87° C. 630,000) Pet ¢c. 














T = i = | | 
| | 1 | + + + 
+ + + + 
| + + | + | | 
| | + | + 
| | 
+ + + + 
| a + + + | + | | 
| | | | | 
tg = onan a 
sy | 
oS 
eis at + + + | 
| | ao | + + | | 
2 aL. i 


2 Eainiplea at 1,000 5 samples at 10 Usually from + ‘1 to + ‘01 c.c 1 sample 

Ce at 1,000 G 20° 
aa on 000 Pek 7th bee ee ec Der | “(gelatine at 20°C.) 1g oan per en ae 7.808, a: microbea 
: ee noi.e. Ss TIN tee see 100:000 J ee Agar at 37°C. 425,000) Per &¢. 
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RESULTS OF THE BAcTERIOLOGICAL EXAMINATION OF 








| 
1 i 2 | z : . 











rm —_————_- " Chief Biological Charace 
ters of the strain of B, 


4 3 Coli present in th 
Description of the Sample. B. 8.=Bile Salt Glucose Peptone| Number of B. Coli (or closely canuiher specified a 
3. 


Test (+ = acid and gas), allied forms) in 1 c.c, ee 


' = ilk | (Primary broth cultures (48 hours 
SeSRERY BS TERS EST ONT TES MEE AS OMA sagt os ag ey ge a, ane ee acd eee at 37° C.) and subsequent Gas. |Indol. 


(«) Acidity, 



















































































surface gelatine plate method), ae ee (2) Clot. 
Time of Collection. ! Mo ore) ; 
| Thleleladnet Too Sl 
. bed oO . 
No. Other Details. 1 |. 10 | 100] 1,00} 10,000] 100,000] 1 | 10'| 100} 1,000} 10,000] 100,000) ¢, | 28 ia 
. y — | —— J ———]} | | a BON an * 
Hour. | Jed cod ou] QOL | “0008 | 00001 | 2 J <2 | -01| -001 | -000% | -o0001 |B 32 
a | C.C.) C.C.} C.¢.] €.Ce} Gc. | cc. | cc) c.c.lc.cl cc. cic. cc. oe Bic | (a) | (6) 
a 
| B.S. 
1 4.30 p.m. | 28 1 | 1902 | Effluent from New Leeds Bed, + — 
| i chance sample i 
2 ae 10 a.m. 6 2 | 1902 | Effluent from New Leeds Filter + 
8 .. | 24 hours 20 2 | 1902 | Effluent from New Leeds Bed .. i 
4 ..{ 24hours } 25 2 | 1902 | Effluent from New Leeds Bed. | Ee 
Average of 24 hours 
B.S. 
5 .. | 9am.- 4 3 | 1902 | Effluent from New Leeds Bed .. -- — 
4 p.m. 
| | B.S. 
6 .. | 9a.m.- 12 | 8 | 1902 | Effluent from New Leeds Filter + 
4 p.m, 
I B.S. 
@ .. | 12a.m.- 19 3 | 1902 | Effluent from New Leeds Filter + — i 
4p.m. L.P.M. ' 
8 . _— 24 3 | 1902 | Effluent from New Leeds Filter ap 
B.S. 
9 .. -~ 25 3 | 1902 | Effluent from New Leeds Filter +] — 
L.P.|M 
L.P.M.| B.S. 
Oe 2.30 p.m. 2 4 | 1902 | Effluent from New Leeds Filter, + + 
chance sample 
B.S. | L.P.M. i 
11... | 24 hours 14 4 | 1902 | Effluent from New Leeds Filter + + 
B.S. | L.P.M. 
12 — 12 5 | 1902 | Effluent from New Leeds Filter, + a + 
chance sample 
| 
13 24 hours 27 5 | 1902 | Eftiuent from New Leeds Filter, + 
| chance sample 
14 24 hours 3 6 | 1902 | Effiuent from New Leeds Filter, 
4 chance sample 
B.S. ‘ 
15 _ en) 6 | 1902 | Effluent from New Leeds Filter + —_— ae 
L.P M. i 
16 24hours |11-12] 6 | 1902 | Effuent from New Leeds Bed .. + 
| 
WV — 16 6 | 1902 | Effluent from New Leeds F ilter, + 
chance sample 
18 — 1 7 | 1902 | Effluent from New Leeds Filter, 4 
chance sample 
B.g, 
19 _ ff 7 | 1902 | Effluent from New Leeds F ilter + — 
L.P.M 
q B.S, |L.P.M. 
20'Re: _ 16 7 | 1902 | Effluent from New Leeds Filter, =i Sie = 
chance sample 
21 _ 21 7 | 1902 | Effluent from New Leeds Filter, 
chance sample 
B.S. |L.P.M. 
“22. = 5 8 | 1902 | Effluent from New Leeds Filter. : ete a 
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THE EFFLUENTS FROM THE New LEEpDs FItrer. 




















































5 6 7 | 8 ‘ | 9 
B. ators penprogence Test. | 
Indol Test. Reonenon ye Suverieadds “Gas* Test. Neutral-red Broth Test 
: Klein’s “enteritidis | “Gas production in gelatine ; 
Indol in broth cultures direct | §P eS eal * 5 Greenish-yellow fluorescence, 
5 ge” in ansrobic milk “shake” cultures, 24 hours at 2 
(6 days at 37° C). cultures). Cultures heated to 20°C. setncaen set Ce 
80° C. for 10 minutes, REMARKS. 
1 | 10 ] 100} 1,000} 10,000} 100,000} 1 } 10 } 100} 1,000] 10,000] 100,000) 1 | 10 | 100 100,000 
rT | -1 | °0 | 001} °0001} °00001 |} 1] *1 | 01] 001} 0001 1 | ‘1 4°01] °001} *0001} -00001| | *1 {| -01 | 001 | °0001 | *00001) 
€.C,| C.C.] €.C.] C.c. | C.c. | C.c. | CC.) c.c.} ¢.c.1 C.c. .C, 1 6.C.1 6.6.4 C.C.4 6.c.] 6c. | ©.c. | C.c.] CC} C.c.] C.c.] C.c. | CC 
oad y + — + 
+ Gelatine at peat 2 ago urbe 
i age per c.c 
' Agar at 37°C, 50,000 : 
¥ + — Gelatine at 20° C. Microbes 
2,600,000 eee 
% Agar at 37°C. 120,000f Pe °° 
; oe deere Gelatine at 20° C. ‘ 
1,900,000 | microbes 
| Agar at 37°C. 57,000) P&T °% 
i Pater FS) = a 
- 
as eae ai 
| +] — + }]— ae = 
Gelatine at 20° C. . : 
2,000,000 | merobes 
Agar at 37°C. 900,000) Pe %° 
V=virulent to guinea-pig. 

















+v 





No streptococci found in °001 ¢.¢, 
Agar at 37° C, 


























a 
+ + | + 
| | | + 
a a se thse ne, i St 
a | + + 
+ “+ a 
| ste | | =e = + 
“3 | = | | | 
| | 
+ 
| 
+ + + + 
| I | | | 
+ 
+ + + + + | 
| | cs | | 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION 0} 


Deseription of the Sample. B.8.=Bile Salt Glucose Peptone 


Test (+ = acid and gas). 



























































——_____ | L.P.M. = Lactose Peptone Milk at 87° C.) and subse G Tndol ; 
— aci ° quent as. |Indol. aca 
Test (+ = acid gas and clot). surface gelatine plate method). |; + oe oon 
Time of Collection. ge | 83 : 
es q : F 
aa aa | 36 (“itmossule 
: ; fs “| 3 ures, 
No. ; Other Details, 1 | 10 | 100] 1,000 10,000] 100,000} 1 | 10 | 100] 1,000) 10,000} 100,000 oo oe days at 
pl H fF | | | |] 8 8] 37° 0. 
Hour S|. sothee i 1 | “1 | “01 | ‘002 | 0001 | 00001 | 1 | “1 | -01| 001] -0001 | -o0001 [a B & z a ; 
A S al C.C.| C.C.}1C.6,] C.c. | Cc. | Gc. |e} c.c.|cc.| cc | c.c. | o.c. oe asl @ | (b) 
| 
| B.S. | | 
23 - 11 | 8 | 1902 | Effluent from New Leeds Filter sp) == | oe =! | ate Gn oF aD 
| | (chance sample) | | | . 
| | | 
| |L.P.M. 
24 _ 19 8 | 1902 | Effluent from New Leeds Filter | + _ 
(chance sample) | 
25 at 26 8 | 1°02 | Effluent from New Leeds Filter + — + a 5 + 
(chance sample) 
| 
| | L.P.M 
26 == 8 9 | 1902 | Effluent from New Leeds Filter | + + — = + + + 
| | (chance sample) 
| 
27 _ 15 9 | 1902 | Effluenc from New Leeds Filter 2. cs ik + a 
(chance sample) 
Be. 
28 _ 22 9 | 1902 | Effluent from New Leeds Filter + + + 4 a + 
(chance sample) 
| | 
| | | B.S. 
29 — 30 9 | 1902 | Effluent from New Leeds Filter | | ae a + + + + 
| (chance sample) | L.P.M. 
| | 
| B.S. 
30 24 hours 7 10 | 1902 | Effluent from New, Leeds Filter | at + + = + + 
L.P.M : ? 
| | B.S. 
31 ~ 13 10 | 1902 | Effluent from New Leeds Filter + af at as — Te 
(chance sample) L.M.P 
32 —_ 3 11 |; 1902, Effluent from New Leeds Filter 
(chance sample) 
S 
38. — 11 11 | 1902 | Effluent from New Leeds Filter % 
(chance sample) 
B.S. 
84 .. _ 25 11 | 1902 | Effiuent from New Leeds Filter =F 
35 _— 9 12 | 1902 | Effluent from New Leeds Filter at = + ar a te 
86... — 31 12 | 1902 | Effluent from New Leeds Filter 
Hy haere = U) 1 | 1903 | Effluent from New Leeds Filter + + = -b — 
S857. —_ 20 1 | 1903 | Effluent from New Leeds Filter 
BOK. -- 10 2 | 1903 | Effluent from New Leeds Filter 
{ 








Bile salt glucose peptone test:— 
1 sample at 100 
3 x: on 1,000 {| per 
¥ 2 8 , 10,000 f ec. 
AVERAGES. 6o <P Hi 100,000 


Lactose peptone milk test :— 
1 sample at 100 per 
7 Pay (Reig 0,000 RT 


6. » 55 100,000 


(Primary broth cultures (48 hours 

















3 4 





Chief Biological Charac- 
ter ee the strain of B. 
ane oli present in the 
Tmed fomeh inde | number spect fn 























12 out of 20, indol and 
clot. : 

5 out of 20, neither 
indol nor clot. 

1 out of 20, acid clot, 
but no indol. 

' 2 out of 20, indol, no 

clot, 


; samples at 100 | er 
8 S » 100,000 
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THE EFFLUENTS FROM THE NEw LEEDS FILTER—Continued. 


ee 



















for) 
4 
wo 
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B. Enteritidis Sporogenes Test. 










































































































Indol Test. Spores of B. enteritidis “Gas” Test. ; Neutral-red Broth Test, 
Aol ia broth cultures dircet | 8POrogenes (Klein’s “enteritidis | ‘'Gas” production in gelatine | Greenish-yellow finorescence, 
Indo G days at 37° C) change” in anzrobic milk “shake” cultures, 24 hours at 48 hours at 37° C. 
5 cultures), Cultures heated to 20° C, 
80° C. for 10 minutes. REMARKA, 
10 | 100 | 1,000} 10,000] 100,000] 1 | 10 | 100 1,000} 10,000} 100,000} 1 | 10 | 109 | 1,000} 10,000; 100,000 
“C001 | °00001 | 1 *1 | 01 | 001 | ‘0001 | -00001 | 1 *1 | °O1 | °001 j ‘0001 | ‘00001 ) 1 ‘1 | °O1 | ‘001 | *0001 | 00001 
C.C. CC. | C,C.}'C.c.}. ¢.c.} Cc, CiCs| CoCul CLIC, | (C.Gs |. 6.0) C8. | elec} Gse.|, (evG: |) (¢.c: C.c- ; 
24} 48 
hrs./hrs. 
; ay a a = Sindh rd. ms 
; | 24 48 { . 
| hrs. hrs. 
| +} — +/—| +] — +{[ — 
24 48 
hrs. brs. 
+ ~ +) — +{—| +] — + | — 
24 48 
hrs. hrs. 
+ +]/ — +}/—| +] — 
24) 48 
hrs.} hrs. 
+ + | — +) +} — + 
24 48 
hrs. hrs. 
+ +| — +{—|] + _ 
) } q 
{ i 
+ | +) — + 
| 
; a5 = | ieee = 
q 
“ie 1 |e + 
} 
qa = Agar at 37° C. 1,000,000 microbes 
per c.c. 
al) eed | Agar at 37°C. 2,500,000 microbes 
per c.c. 
+ cone 
+ fat) ee 
abe Agar at 37°C, 320,000 microbes 
| per C.c. 
+ ae 
| 
oF if = Agar at 37°C. 600,000 microbes 
per ¢.c. 
ap |i se Agar at 37° C. 1,800,000 microbes 
per c.c. 
1 sample at 109 f samples at 10 Usually from + ‘1 to +°01 ¢.c. 2 samples at 1,000 Gelatine at 20° C. , 
me, © 1,000 (per cle (pam eae (ob Rae but more often + ‘Ol cc. }10 , 10,000 + Per 2,875,000 ee bape 
ae eee 6 10,000:( Gc; TaN, eT OOO SC a (24 hours at 20° C.) 6) a 100,000) °° | Agar at 370 0. 816,384) Pet o% 
ae 3.2, . 100,000 
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APPENDIX : 


‘ws Rar Ee 


RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE 


1 2 8 | 4 

a re i i i 
Chief Biological Charac- 
ters of the strain of B. 


<a Number of B. Coli (or closely Coli present in tho 
B.S.=Bile Salt Glucose Peptone allied forms) in 1 ¢.c. number specified in 


Test (+ = acid and gas). pat Col. 3. 
a eee eee iS .,, |(Primary broth cultures (48 hours) _ 
L.P.M. = Lactose Peptone Milk at 37° C.) and subsequent Gas. |Indol (a) Acidity, - 











Description of the Sample. 
































































































Test (+ = acid gas and clot). | surface gelatine plate method). |; te (b) Clot 
Time of Collection. 2 s a . 
Ase 9 pope a co ee cite milk 
é 2 - Sal Ss cultures, 5 
No. ; Other Details. 10 | 100 | 1,000] 10,000] 102,000] 1 } 10 100 1,000] 10,000} 100,00 eas 53 | days ab 
= | Sea eg ae -|—|—|\—|-—|-—_|—_ 28a] a2] sre) 
Hour. z 8 8 1 | +1 | -01 | -001 | -0001 | 00001 | 1 | °Z | *01} 001 | 0001 } -00001 | aa 8 a 
c.c.| ¢.¢.| .c.} cc. | @c. | ¢.c. | ¢.c.| C.c.|C.c.| Cc. | Cc. cc. | Os 4 
3 $2 |Se} @ | 
1 ..| 24hours | 7-8 4 1902 | Effluent from New Leeds Filter El — oe | = | ef fe 
alter settlement. | 
B.S, 
Dats. 24 hours 29 4 | 1902 | Effluent fom New Leeds Filter + — 
after settlement PAE cE. 
B.S 
S$. 725) 624 hours 7 5 1902 | Effluent fron New Leeds Filter + _ 
after settlement \ 
4 ,. | 24hours | 15-16 5 1902 | Effluent from New Leeds Filter | =P _— ee + 1 + 
after settlement 
5 .. | 24 hours 28 5 | 1902 | Effluent from New Leeds Filter 
| after settlem-nt 
6 .. | 24Lours !18-19; 6 1902 | Effluent from New Leeds Filter + — + + oe tt ite 
} after sett ement 
game = 5 7 1902 | Effluent from New Leeds Filter | 
after settleme..t i 
: L.P.|M. 
eens dl 19 8 1902 | Effluent from New Leeds Filter Oe = 
} after settlement 
L.P.M 
Cun: — 8 | 9 1902 | Effluent from New Leeds Filter + — + — + + as ae 
i after settlement | 
TO. = 15 9 | 1902 | Effluent from New Leeds Filter | Har aie + = = ah + ate 
after settiement } 
| B.S. 
a3 Gee -- 22 9 1902 | Effluer:t from New Leeds Filter =F: — ae _ + Sh + Ts 
after settlement : 
i B.S. 
ou. es 3) 9 | 1902 | Effluent from New Leeds Filter | + Fe =e oe + 
| after settlement | q L.P.M. 
t ! 
\ 
| B.S. 
13° | — 6 | 10 | 1902 | Effluent from New Leeds Filter + + + + + + 
after settlement 4 L.P.M. 
|LPM| B.S. ; 
14... | 24hours 23 40 | 1902 | Effluent from New Leeds Fitter | +}44- +) — + + + ye 
| | ~=6after settlement } 
OLS. 24hours |} 30 10 | 1902 | Effluent from New Leeds Filter 
after settlement 4 
| <a 
ae _ 4 12 | 1902 | Effiuent from New Leeds Filter 
after settlement 
B.S. | 
ieee — 13 1 | 1903 | Effiuent from New Le-ds Filter saat ad 
; after settlement | 
| j | 
18/4 ih gio t 20 1 | 1903 | Effluent from New Leeds Filter | | ; 
2 ; after settlen.ent 
B.S. 
19 -— 3 2 | 1903 | Effluent from New Leeds Filter sh _ 
aft-r settlement 
Zoi! | — 10° 2 | 1903 | Bfflu-nt from New Leeds Filter \ 
: after settlement heb 
| 
| 
} e 
ewes eo 24 | 8 | 1903 | Effluent from New Leeds Filter | 
after settlen ent | 
j : ee 





























i 


Bile salt gluccse peptone test: samples at ao per 7 eet, 9, both indol and 
4 1,000 . ; : 
: 2 pret x 10,000 | el ee #.- &  100,000) “2S aamee out: of 9, clot, but no 
ee indol. 
i AVERAGES 2: bay eee 100,000 J 
Lactose peptone milk test: ° 
i 1 sample at 100) 
2 ” ” 1,000 |. per 
iL. es 10,000 { c.c. 
9 aoe en oe 100,000 
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New Leeps Fitter ErrLrvuENTS AFTER SETTLEMENT. 


ae 





B. Fnteritidis Sporogen’s Test. ” 
Spores of B, enteritidis Gas” Test, Neutral-red Broth Tes‘, 


TIndol Test. fa ats - - x eee F , 
sporogenes (Klein’s “ enteritidis Gas” production in gelatine | Greenish-yellow fluorescence 
q Indol 3 poche oO direct change” in anezrobic milk “shake” cultures, 24 hours at 48 hours at 37° C. : 
: ; i ae a eultures). Cultures heated to 20° C. 
‘ 80° C. for 10 minutes, REMARK’, 


nL ar a one rete ae eel - | 
10 | 100] 1,000] 10,000 100,000| 1 | 10 |100 | 1,000] 10,000] 100,000] 1 | 10 | 100] 1,000} 10,000} 100,00¢) 1 




















































































































1 10 {| 10) | 1,000} 10,000; 100,000 
“J | 1 -|-0.-} 001 | -o001 | 00001 | 1 | +1 |-01 | 001 | -o001 | -o0001 | 1 | -1 | 01] -001 | 0001 | -oocor} 1 | - “001 | -0001 | “90003 
ete eC 1C.C.|) C5055 1), C.-C. | G Ci] C.C.|-C:¢. 1 C.€.)1"'C.G.- 'C.Cy | C.Cc¥ Chc.! "C1C.1; €.c, |] Ce. | C.c. | C.c.} C.c.) ¢.c.| C.c.] C.c. | ¢.0- 
a Ge — | Gelatine at 2)° wn as peo 
Agar at 37°C. 120,000) PEF &-° 
: + | +] — + | — 
+] — be a +|— 
eo | | 
Be las + |= | | 
+ — 
24 
g hrs {8 hjours 
+|— +)—{]+]—- wel ee 
24 . 
| hrs./48 hjours 
cn: Weed +) - 414] — 
24 
hrs.|48 hjours 
+} on eh) py 
24 
hrs. 48 1] urs 
+ — +|—- +{/—] Ft] — 
; i 
fe) = es # 
+ — +{ - + — 
; oh eee Agar at 37°C. 91,000 microbes 
per c.c. 
re te 7 j Agarat 37°C. 220,000 microbes 
j per c.c. 
| | Agar at 37°C. 260,000 microbes 
| pere.c. 
Agar at 37°C. 320,000 microbes 
j | per c.c. 
‘ ‘ a 
: Agar at 37°C, 300,000 microbes 
per c.c, 





























eee et 


ee eE—eE———EOeeEeEE————=ae ee 


3 samples at 1,000 per 10 samples at 10 \ per Usually + ‘le.c. (24 hours at 1 sample at 100 Agar at 37° C. 218,500 microbes 
5 yy » 10,000 Fae 10», Re OOWIGIe: 20° C.) Sshaos dca 1;000|'per per ¢.c, 
1 ” ” 100,000) ~~" ° 2 ms » 10,000 [ c.c. 

2 5  » 100,000; 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE NEW LEEDS FILTER 





sie 1 2 3 4 








Chief iological Charac- 
ters of the strain of B. 













Description of the Sample. B. 8.=Bile Salt Glucose Peptone| Number of B. Coli (or closely val pees, 
Test (+ = acid and sh allied forms) in 1 ¢.c. ee eet bp 
L.P.M.=Lactose Peptoie Milk | (Primary broth cultures (48 hours od 
errs Test (+ = acid gas and clot). at 37° C.) and subsequent | Gas. [Indol.| (,) 4 cigity 
surface gelatine plate method). |: + a (b) Clot : 
Time of Collec‘ion. 2 ¢ gS 2 
Pica eden A 22 | Et |Citmusmitk 
. Other Details. aa Bucs cultures, 
No. z 1 | 10 | 100} 1,C00} 10,000) 100,000] 1 abate Be days at- 
S ei —_— |_| —_ |__| —_—_- |---| —|_|-—_ | Boal qe 37° C.) 
FES aS gf ¢ 1 | ‘1 | *O1| “001 | -0002 | 00001) 1 } 1 | °01} -001| -o001| ‘coo |BS | 3 
- s mH C.C.| C.C.] C.6.] C.Co| Cc. | Cc. |ec)cecjcc}] cc} ce | ca log | 8 
Se {Eo | m1 ® 
24 hours 7-8 4 | 1902 | Effluent from New Leeds Filter =P at ; + OS ee as 


after filtration 


24 hours 29 4 | 1902 | Effluent from New Leeds Filter 
after filtration 








24 hours if 5 | 1902 | Effluent from New Leeds Filter 
after filtration 


24hours | 15-16) 5 | 1902 | Effluent from New Leeds Filter 
after filtration — 


| 24 hours 28 5 | 1902 | Effluent from New Leeds Filter 
after filtration 











24 hours | 18-19) 6 | 1902 | Effluent from New Leeds Filter 
after filtration 





— 5 8 | 1902 | Effluent from New Leeds Filter 
after filtration 


= mh g | 1902 | Effluent from New Leeds Filter j : = 
after filtration 


— 19 g | 1902 | Effluent from New Leeds Filter } . ae 
after filtration 


= il 83 9 | 1902 | Effluent from New Leeds Filter : a4 
after filtration 





— 15 9 | 1902 | Effluent from New Leeds Filter 
after filtration 





+ io 


— 22 9 | 1902) Effluent from New Leeds Filter 
after filtration 


— 30 9 | 1902 | Effluent from New Leeds Filter 
after filtration. 


9. 
= 6 10 | 1902 | Effluent from New Leeds Filter | + = + = a a 
after filtration. f L.P.M. 


L.P.M| B.S. 
24 hours 7 10 | 1902 | Effluent from New Leeds Filter + — +3 = + = 
after filtration. 
a 93 10 | 1902 | Effluent from New Leeds Filter — + a + = 


after filtration. 





47. 33 _ 27 10 | 1902 | Effluent from New Leeds Filter | 
aftor filtration. 1 





} | 
13 24 hours 30 10 | 1902 | Effluent from New Leeds Filter 
after filtrati.n. 
19 — 3 11 | 1902 | Effluent from New Leeds Filter 
after filtration. 
20 — i 11 | 1902 | Effluent from New Leeds Filter 
after filtration. 
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ON SEWAGE DISPOSAL. 





EFFLUENTS AFTER SETTLEMENT AND FILTRATION THROUGH FINE ASHES. 








Indol Test. 


Indol in broth cultures direct 


(5 days at 37° C). 


1} 10 | 100] 1,006 




















10,000} 100,00} 1 







“O01 | "001 | 0001 | *00001 


1] .1] °0 | ‘001 | -0001 } -00001 
€.C.] C.C.] C.C.] cc. | C.c. | ec. 




















B. Enteritidis Sporogenes Test. 
Spores of B. enteritidis 
sporogenes (Klein’s “enteritidis 
change” in anerobic milk 
Cultures heated to 
80° C. for 10 minutes, 





c.c. €.C.} C.C.] C.C.} C.C. 


24 


hrs, 


24 


hrs, 


24 


hrs, 


“Gas” Test. 
“Gas production in gelatine 
“shake” es 24 hours at 
20° C, 


48 
hrs. 





24 


hrs, 


24 


hrs. 


a 





1 | °1] 01] -001 


48 


hrs. 


48 


hrs. 


+ 














C.C.} C.C.] C.C.| C.C. 























Neutral-red Broth Test 
Greenish-yellow fluorescence, 
48 hours at 37° C. 





REMARKS, 


100] 1,000} 10,000) 100,000} 1 | 10 | 1UC} 1,000] 10,00°] 100,000} 1 } 10 | 100) 1,00) 10,000) 100,000 


“0001 | “00001 


c.c. C.C. 





Gelatine at 20° C. 
390,00 
Agar at 37°C. 2,500 


al microbes 
J per ¢.c. 


Agar at 37°C. 150,000 microbes 
per c.c. 





Agar at 37°C. 173,000 microbes 
per ¢.c, 


Agar at 37° C. 230,000 microbes 
per ¢.c. 


Agar at 87° C. 110,000 microbes 
per ».c. Cane-sugar test + 
“0301 ; —*00001 c.e. 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE New Leeps FILrer 





1 2 3 4 


we Se 





Chief Hiological Charac- 
ters a the strain of B, 
Co S i 
Description of the Sampte. B. $.—Bile Salt Glucose Peptone| Number of B. Goli (or closely eatin oe eta 
Test (+ = acid and gas). allied forms) in 1 c.c. Col. 3. 


__| L.P.M.=Lactose Peptone Milk | (Primary broth cultures (48 hours 
aaa Saunas mmamencinmmuame meeseTs Wo SiCOC TGC TS TRENT Gn Bayo mde i, at and clot). at 37° C.) and subsequent G ‘| (a) Acidity, . 

































































































surface gelatine plate method). 3 | asa | © Clot. 
: A i a 
. Time of Collec ion. ae ag Citmusmilk 
Cay (yee 
her Details Sat 3. cultures, 5 
No. Other Details, 1 | 10 | 100} 1,00] 10,000] 100,000] 1 | 10 | 100} 1,000) 10,000] 100,000)“ “=e | © 
= a —— | -—— | ———_ Son] qm 
: = iat ’ “0091 | en7 ‘ “c BSH =) 
Dour. | i | aig Uy fb 308 0092 | *0c001 0001 — 2s |38 
Ws Ban tel Po Rg oh end Se C.C.| C.Ce}] CC. C.C. C.Ce Ce oo Bio 
Bh is 24 hours 12 11 | 1902 | Effluent from New Leeds Filter 
| after filtration 
90 ee. — 17 11 | 1902 | Effluent from New Leeds Filter 
{ after filtration 
B.S. 
BO: lowe = 25 11 | 1902 | Effluent from New Leeds Filter Se ee 
after filtration 
7. ae xe 4 12 | 1902 | Effluent from Nev Leeds Filter 
after filtration 
O5. Fe. — 9 12 | 1902 | Effluent from New Leeds Filter a + | — + rf ae 
afcer filtration 2 
. B.S, 
CAD nc a, 17 12 | 1902 | Effluent from New Leeds Filter oe = 
after filtration 
7 le lee = 31 12 | 1902 | Effinent from Yew Leeds Filter 
aft2r filtration 
28 ya — 9 1 | 1903 | Effluent from New Leeds Filter + — + + a + 
after filtration : 
: B.S. 
29 as — 13 i {| 1908 | Effluent from New Leeds Filter “— oa 
| after filtration 
B02, es — + 20 1 j 1903 | Effiuent from New Leeds Filter 
| after filtration 
' 1B.S. 
Cle toc — 3 2 | 1903 | Effiuen' from New Leeds Filter — 
: after filtration 
“32. sts ~~ 10 2 | 1903 | Effluent from New Leeds Filter 
] after filtration 
25S ames — 24 3 {| 1903 | Hfiuent from New Leeds Filter 
| | after filtration 
e 
Bile salt glucose peptone test : 1 sample at 10 8 out of 11, both indol 
1 sample at 10 1 = £3 100 | per and clot. 
Cee 100 Deas = 1,000 flere. 2 out of 11, neither indol 
so Fe eo Tek »» 10,000 nor clot. 
4 » 10,000 see 2  ,, negative 1 c.c, 1 out of 11, clot, no 
iL ~ », 100,000 indol, 
. AVERAGES } 2 » ~ negative 1/100 c.c. 


) Lactose peptone milk test : 





1 sample at | 

2 9 9 2,000'.1 per 
> A Ou ease 10000 { C.c. 

al ae 5» 100,000 

1 negative 1/100 c.c 


» 
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EFFLUENTS AFTER SETTLEMENT AND FILTRATION THROUGH FINE ASHES —Continued. 








B. Enteritidis Sporogenes Test. 

















Indol Test. Spores of B. enteritidis “Gas” Test. ; Neutral-red Broth Test 
* sporogenes (Klein’s ‘enteritidis | ‘Gas production in gelatine son : 
; Indol eee star direct change” in anzrobic milk “shake” cultures, 24 hours at cet inte ti | 
‘i cultures). Cultures heated to 20° C. : 
80° C. for 10 minutes, E REMARKS. 
>» 10 | 100 | 1,000] 10,00°} 100,00¢ 10,00(} 100,000} 1 | 10 } 100} 1,000} 10,00) 100,000; 
1| 1] -0 “00001 01 | 001 | -0001 | o0001 | 1 | +1 | -01{-001 | -0001 | 00001} 4 | -1 | -01 | -001 | -0001 | -o0001 





















 €,C.} C.C.| C.C.} C.C, c.c. c.c. C.C.} C.C.] C.C.| C.C.] C.C. C.c, | C.C.) C.C.] C.C.] C.C. | C.C. C.c, | C.C.| C.C.| C.C.} C.C. | CC, C.C. 




























































































’ | 
Soni pre Agav at 37°. 180,000 microbes 
yer c.c. Canesugar test + 
| | ‘0001; —‘O0001 c.c. 
Gralpters | | Cane-sugar test + "0001 ; — 00001 
Cit; 
| 
Spore 
ao toa | Agar at 37°C. 230,000 microbes 
per €.¢. 
| 
, 
i a aes 
| 
+ S 
eee Agar at 87°C, 75,000 microbes. 
per ¢.c. 
ay _— + [— 
eae 
Ste ae Acar at 37° C, 15,000 microbes 
per ¢.c. 
+ — 
eg Wee : Agar at 37°C, 240,000 microbes. 
per c.¢, 
oe as Agar at 37°C. 170,000 microbes 
er 6.0, 
1 sample at 10 6 samples at 1 Se i Usually + 1; — ‘1 c.e. (24 1 sarple at 1 Agar at 87° C, 134,136 microbes: 
: See 1,000 | per ae BT" fe 10 Lee Lours at 20° C.) ih «RN 100 | sor per ¢.¢. 
ie esa) ue 4 -10,0001{ c.ck OMe aad Se LOO) Cpe A eae 1,000 }F' 
esd 55 2 gL00 000 2 ,, negative 1 c.c. on vi at. . £0:000 ‘ 
2 » negative 1 c.c, 1 " »» _ 100,000 
2 » negative 1/100 c.c. 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION 









4 


“Chief Biological Charac- 
ters of the strain of B. 
Coli present in the 
number specified in 
Col. 3. 


Ga-. |Indol. (a) Acidity, 











Desc-iption of the Sample. B. 8.=Bile Salt Glucose Peptone| Number of B. Coli (or closely 


Test (+ = acid and gas). allied forms) in 1 c¢.c. 
L.P.M. Aho Paton Milk (Primary broth cultures (48 hours 
Test (+ = acid gas and clot). at 3.” C.) and subsequent 

surface gelatine plate method). 



























= 2g |) geo a ieee 
Time of Collec ion. 22 | 5: |qitmusmin 
7 a xt G = * | cultures, 5 
No. |= Other Details. > e,| O@ | days at. 
es | ce) : § te Se ef Cin 
poor e a 3 ee ¢.c 42 | Es 
| Bie tas .e.| cc. 32 |Ee| @1® 






















































































| 
1 ..| 24hours | 20 2 | 1902 | Effluent from Old Leeds Bed .. +] = + }— + + 
B.S. 
ve ASE 24 hours 25 2 1902 | Effluent from Old Iee’s Fed .. ap : 
| 
3... | 24 hours ae \3 1902 | Effluent from Old Leeds Filter . “5 — + + + + 
: i : 
4 .. | 2thours | 12 | 3 | 1902] Efftuent from Old Leeds Filter oe eee eee ee ee 
5 .- | 12a.m.- 19 3 1902 | Effluent from Old Leeds Filter re 
utc L.P.M. 
tbo _ 24 3 | 1902 | Effluent from’Old Leeds Filter + + +) +/+ 
Ts Se = 25 3 | 1902 | Effluent'from Old Leeds Filter ae 
U.P.M. 
8 ..| 2.35 p.m. 3 4 *| 1902 | Effluent from Old Leeds Filter, +e + + + + 
chance sample 
OD e% 24 hours 7-8 4 1902 | Effiuent from Old Leeds Filter B.S. — 
+ > 
L.P.M. 
10 .. |} 24 hours 14 4 1902 | Effluent from Old Lees Filter ate + ete + + 
| 
eee! a —_—_— 
Bile salt glucose peptone test : 2samplesat 1,000 per 5 out of 6, both ind 
8samples at 10,000) per Ze » 10,000 Fo and clot. 
AVERAGES: 1» — » 100,000) e.c. 2 » nm 100,007" Ja out, of 6, clot, but 1 
: indol. 


!| Lactose peptone milk test : 
\ 3 samples at 10,000 per c.c. 
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SS ED 


OF THE EFFLUENT FROM THE OLD LEeErs FILTER. 















B, Enteritidis Sporogenes Test. 







Indol Test Spores of B. enteritidis , Gas” Test. : Neutral-red Broth Test. 
Indol in broth cultures direct | 8POTogenes (Klein's “ enteritidis ‘Gas” production in gelatine | Greenish-yellow fiuorescence, 
? 5 days at 37° C) change” in anzrobic milk “shake” cultures, 24 hours at 48 hours at 37° C. 
(5 day ~ cultures). Cultures heated to 20° C. 





REMARKS. 





80° C. for 10 minutes. 






100 | 1,000} 10,000] 100,000] 1 


— |——_ _————_ | ———__ | —_ | ——__ | _— 


*O1 | 001 { 0001 | ‘00001 } 1 
C.c, | ¢.C. | C.C. | ¢.C.] C.C.] C.e. 







1,000} 10,000] 100,000 


“0001 | “00001 
C.c. | C.C- 


10 } 100] 1,000] 10,000) 100,000} 1 


001 | ‘0001 | 00001 
C.C.] C.C. C.c. 
















C.C. 






4 | | | Gelati ° 
7) Gelatine at 20° C. A 
720,000" microbes 


| | Agar at 37° C. 120,000 ) Pe ¢-¢. 




















90,000 


+ = Gelatine at 20° C. } 
| Agar at 37° C, 7000 





# 
l 


microbes 


8,1500,000 Fer c.c. 


Gelatine at 20° C. 
Agar at 87° C. 170,000 














microbes 
per c.c. 








Af | Gelatine at 20° C. 
| 3,300,000 
| Agar at 37° C. 480,000 




















microbes 
r C's 





20,000,000 
Agar at 37° C.1,000,000 


- | Gelatine at 20° C. } 














| Gelatine at - an 000 | microbes 
b} ? 

| | Agar at 37° C. 560,000) Per &°. 

| 

| 















































2samplesat 1,000 
10,000 } Per 


be on j C.C. microbes 
”» ” 100,000 


” 
per c.c, 


lsampleat 10)rer 3 samples + ‘1 c¢.c. 3samplesat 10,000) per Gelatine at 20° C. 
3 
Agar at 37° C, ut 


y» 00S cc. | be) + Olee. bi Ag. get 5 800000 F €:e: 9,015,009 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE EFFLUENTS FROM No. 2 (SECONDARY) SMALL MANCHESTER 


ea a a aT IE TR ESI TED STG BOIS) ST OSES SSS a Ee Sa 


1 2 8 4 


% Chief Biological Charac- 
ters of the strain of B. 





































































































































Description of the Sample. Coli present in the 
> E B.3.= Bile Salt Glucose Peptone gE 8 Ee Nearedee cloeely, number specified in 
= Jeet Ce ied te Ae (Primary broth ee (48 hours Col. 3. 
"Test (+ = acid gas'and clot). | ga,8¢87 ©.).and subsequent | | Gas. [Indl (a) actaity. 
d ; = 8 " | surface gelatine plate method). |: 2 | | (6) Clot. 
Time of Collection. eae 1 85 
Sg g {Litmus milk 
Other Details PAG] s2 | cultures, 5 
tS : 3 1 | 10 | 100} 1,000) 10,000} 100,000) 1 | 10 | 100] 1,000} 10,000) 100,000) o =. | °% days at 
© ag K [| | — , — ] —_ |—__|—_ |_| —_ |__| 838 Se 87° C.) 
Hour eee s 1 | ‘1 | -01 | -001 | -0001 | 00001] 1 | “1 | -01} “001 | -0001) -o0001 [8 B | Oe 
s C.C.)'C.C.)C.01 €.Ci'F °C:¢."} 16.6. | CCH C.C2/'6.C. |) 6.0. 1"'E-C." |" C.0. oe as | @) () 
| : 
— 24 3 1902 | Effluent from No. 2 (secondary) ae = ie = i + + 
small Manchester Bed | | 
B.S. | LYM | 
~~ 25 3 1902 | Effluent from No. 2 (secondary) = 2 ences | ot 
small Manchester Bed | | 
| 
-- 5 2 | 1902 | Effluent from No. 2 (secondary) *t + + EP <= 
large Manchester Bed, average 
of two fillings 
_— 12 2 | 1902 | Effluent from No. 2 (secondary) + — + + ay + 
large Manchester Bed, average 
of two emptyings 
— 25 2 | 1902 | Effluent from No. 2 (secondary) el t+] — + = — — 
large Manchester Bed, average 
of two fillings 
| 
-- 4 3 | 1902 | Effluent from No. 2 (secondary) ab — + + + + 
lirge Manchester Bed No. 2, 
two fillings 
— 12 3 | 1902 | Effluent from No. 2 (secondary) + — SF — + + 
large Manchester Bed No. 2, 
two fillings 
—- 24 3 1902 | Effluent from No. 2 (secondary) | | —_— 
large Manchester Bed ee 4 
LPM) B.S. 
— 25 3 1902 | Effluent from No. 2 (secondary) Bo be —s 
large Manchester Bed ; 
10... | 24 hours 7-8 4 | 1902] Effluent from No. 2 (secondary) | | + + + * + 
large Manchester Bed 
LPM. | 
roy _ 26 4 1902 | Effluent from No, 2 (secondary) + —- + — ae + ate + 
large Manchester Bed, chance 
sample 
19) Ge a 7 5 1902 | Effluent from No. 2 (secondary) | = 
large Manchester Bed 
LYM BS. 
139 a. = 12 5 | 1902 | Effluent from No. 2 (secondary) ye) ae |p ea = ae = + a 
large Manchester Bed, chance 
sample | 
14. | 24 hours 28 5 | 1902 | Effluent from No. 2 (secondary) } 
large Manchester Red, two 
fillings i 
’ 
L.P.M 
OE rae — 3 6 | 1902 | Effluent from No. 2 (secondary) + 
large Manchester Bed, chance ; 
sample 
16 axe — 16 6 | 1902 | Effluent from No. 2 (secondary) + — + + ar — 
large Manchester Bed, chance 
sample 
Lie. _- 18-19| 6 1902 | Effluent from No. 2 (secondary) ee +] + + + 
large Manchester Bed 4 
t 
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5 | 6 7 8 Q 
| B. Enteritidis Sporogenes Test. 
Indol Test Spores ef Bs Nelda ten by §¢ Gas * Test. ah E sheeted SP ee Test, 
‘ sporogenes (Klein’s “ enteritidis as" production in gelatine reenish-yellow fluorescence, 
Indo} dan ater Ge direct change” in anzrobic milk “shake” cultures, 24 hours at 48 hours at 37° C. 
(6 day . cultures). Cultures heated to 20° C. etyigt 


80° C. for 10 minutes. 











10 | 10) | 1,000] 10,000] 100,000 


"1 | ‘OL | °001 | 0001 | -00001 
c.c. c.C- 





1 {| 10 {100} 1,000} 10,000} 100,000} 1 4 10 | 100} 1,000} 10,000] 100,000} 1 } 10 | 100} 1,00} 10,000} 100,000 


1 | 1 | °0.] 001 | -0001 | -00002 “1 | 01 | 001 | -0001 | -00001 001 | -0001 | *00C01 
€.C.| C.C.] C.C.] C.C. J C.C. f C.C. | C.C.| C.C.] C.c.] C.c.] C.c. | C.c. | C.C.| C.6.] C.C.] C.C. | C.C. | C.C. | Cc. 





































microbes 


1,400,000 + Der c.c. 


| | | 

: Gelatine at 20° C. \ 
| 

| Agar at 37°C 47,000 


microbes 
per ¢.c. 





ey. 400,000 


; . Lata ee, | Gelatine at 20° C. 
‘eae 
| | | Agar at 37°C. 22,000 











microbe3 


’ 
. per ¢.c. 


Gelatine at 20° C. 
290, 
Agar at 37° C. 22,000 

















| Gelatine at air bas } microbes 


Agar at 37° C. 9,000 per ¢.c. 





microbes 


| Gelatine at 20° C. 
| per c.c. 


220, 
Agar at 37°C. 27,000 


Gelatine at 20° us ago toro 
Agar at 37° C. 300J Per cc. 














es | Gelatine at oe 009 |. microbes 


Agar at 87°C. 69,000 per c.c. 





























per c.c. 





Gelatine at _ a ee 
Agar at 87° C, 110,000 














| 
| | | | 
| | | | 
| ef 4 ab | 
| | | | | i , s 
+ — | | Gelatine at Ant. ago | microbes 
, Agar at 37°C. 44,000) P®F °° 
+ 





| | No streptococci found in *001 ¢.c. 
(agar at 37° C.) 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE EFFLUENTS FROM No. 2 (SECONDARY) SMALL MANCHESTER 
ee acta y's 2 ee Rae Me on NEL ONE ee ey a 
1 2 





8 . 4 








Chief Biological Charac- 
ters of the strain of B. 
Number of B. Coli (or closely Coli present in the 


allied forms) in 1 c.c. ee eee 


RDeverintien ohipe San, B.S.= Bile Salt Glucose Peptone 


Test (+ = acid and gas). ‘ 





























-_ |(Primary broth cultures (48 hours 
ea = ple Sats pe at 87° C.) and subsequent Gas. |Indol. (a) Acidity. 
est (+ = acid gas and clot). | curtace gelatine plate method). |, -~ | (b) Clot. 
Time of Collection. rE is 
——— ee re ge |(Litmus milk 
tall fag Ree cultures, 5 
No. eae Tuc eae an Other Details. 1 | 10 | 100 | 1,000} 10,000] 100,000] 1 | 10 | 100] 1,000} 10,000} 100,000 San oe pre 
. a . | $< | | | |] J —______ J] | EY LT Oo m . 
Hour. e | 8 5 1 | ‘1 | -O1 | -001 | -0001 | 00001) 1 | “1 | °01] -001| “0001 | -o0001 | 3 es 
a cS i €.¢.] €.¢.|'c.c.] c.c. | cc. | c.c. |oc}ectlec] ec}! ee | ec. S32 aS () 











18 — 1 7 | 1902 | Effluent from No. 2 (secondary) 
large Manchester Bed, change 


sample 


19 _ 21 7 | 1902 | Effluent from No. 2 (secondary) 
large Manches er Bed, chance 


sample 





u.P.M 
20 |. | —_ 19 8 | 1902 | Effluent from No. 2 (secondary) 
large Manchester Bed, chance 


sample 











Ace 





— 15 9 | 1902 | Effluent from No. 2 (secondary) 
large Manchester Bed, chance 
sample 


— 6 10 | 1902} Effluent from No. 2 (secondary) 
large Manchester Bed, chance 
sample 





Done. — 20 10 | 1902 | Effluent from No. 2 (secondary) 
large Manchester Bed, chance 


sample 


tN Ge | 24 hours 23 10 | 1902 | Effluent from No.2 (secondary) | 


large Manchester Bed 


24 hours 12 11 | 1902 | Effluent from No. 2 (secon¢ary) 
large Manchester Bed 


25 


26 — 17 11 | 1902 | Effluent from No. 2 (secondary) 
Jarge Manchester Bed, chance 


Simple 


a 4 12 | 1902 | Effluent from No. 2 (secon¢ary) 
large Manchester Bed 


les 


- pies) 12 | 1902 | Effluent from No. 2 (secondary) 
large Manchester Bed 


28. 





29 = 17 12 | 1902} Effluent from No. 2 (secondary) 


large Manchester Bed 





i — 13 1 | 1903 } Effluent from No. 2 (secondary) 


large Manchester Bed 





S15 = 3 2 | 1903 | Effluent from No. 2 (secondary) 
large Manchester Ked 


Soa _ 10 2 | 1903 | Effluent from No. 2 (secondary) 
large Manchester Bed 





Bias — 10 3 | 1903 | Effluent from No. 2 (secondary) 
large Manchester Bed 








oh a — 24 3 | 19(3 } Effluent from No. 2 (secondary) 
large Manchester Bed 
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3ED ; No. 2 (SECONDARY) LARGE MANCHESTER BED AND No. 1 (PRIMARY) LARGE MANCHESTER BED.— Continued. 













Indol Test. 
Indol in broth cultures direct 
(5 days at 87° C). 


1 | 10 | 100] 1,000} 10,000] 100,000] 1 | 10 


‘001 | 0001 
c.c. 


“00001 
C.C. 














+ 


+ 





cultures). 
























B. Enteritidis Sporogenes Test. 
Spores of B. enteritidis 
sporogenes (Klein’s ‘‘ enteritidis 
change” in anserobic milk 
Cultures heated to 
80° C. for 10 minutes, 


100} 1,000) 10,000} 100,000 


———|§—$—$—<—<— | ——_)}———_ | ——<—)J—_——— | ——— | J J ——_—__ J —_—____ | —__. |__|] -— | —___ 


“O01 | -0001 





————————E 








“Gas production in gelatine 
“shake” cultures, 24 hours at 


1 | 10 | 10} 1,000} 10,000) 


C.C./ C.C.] C.C.f C.C. 


24 
hrs 
pies 











“Gas” Test. 


20° C. 























0001 } -00001 
¢.c. 


“1 | 01 | °001 
C.C.} C.C.] C.C.} C.C. 














{ 
ete — oe 
| | 
24 
hrs 48 hrs, 
oe af — oe 
48 
urs 
+ = + 
+ 
+ inte 
e + = 


Neutral-red Broth Test 
Greenish-yellow fluorescence, 
48 hours at 37° C. 


100,000} 1 | 10 | 100} 1,000} 10,000} 100,000 


“0001 | °00001 











REMARKS. 


Agar at 37° C. 280,000 microbes 
“per c.c, Cane-sugar test + 
“0001 ; — °00001 c.c. 


Cane -sugar test + ‘0001; — 
“00001 ¢.c. 


Agar at 37° C. 51,000 microbes 
per ¢.c. 


Agar at 87° C. 67,000 microbes 
per c.c, 


Agar at 37° C. 37,000 microbes 
per ¢.c. 


SI 
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enn a rn 


1 


Description of the Sample. 























Test (+ = acid and gas). Pri 
eee io «1, {( Primary broth cultures (48 hours |————__—_> > 
oe ~ sever ere at 37° C.) and subsequent Gas. [Indol.| (a) 4 cidity 
est (+ = acid gas and clot): | surface gelatine plate method). |; BS Clot 
A Py De we ( ) Ob, 
Time of Collection. 4 oo 
. 24 | 25 {Citrus milk 
=o, ; Other Detal's. 1 | 10 | 100} 1,000] 10,000] 100,000] 1 | 10 | 100] 1,000] 10,000} 100,000 Sa by days at 
: a : ee a eee ASS! aa 37°C.) 
2EER P| Se iis 1 | -1|-o1| -001 | 0001 | 00001 | 1 | -1 | -01| -001| -0001 | -o0001 | 8° | SF 
A S > ¢.c.| ¢.¢.|:¢.c.| c.c. | ec. | cc. Joclec|iac|cca}ece |] ec (os | ae 
| .C.} C.C.|'C.C. oC. Ce aCe .C.| C.C.| C.C.| C.C. Cc. Cf. oe Bie (a) (b) 
: =e : ahs 
| | ? | 
35 — 5 2 | 1902 | Effluent from No. 1 (primary) + + — + + 
| Manchester Bed, average of 
two fillings | 
35 — 12 2 | 1902 | Effluent from No. 1 (primary) Se a= 5 = + + 
e large Manchester Bed, aver- 
age of two emptyings 
37 a 25 2 | 1902 | Effluent from No. 1 (primary) <s ate == =i + 
large Manchester Bed, aver- 
age of two fillings o 
38 — 4 3 | 1902 | Effluent from No. 1 (primary) Tayo | + c= ate if 
large Manchester Bed, two 
fillings 
39 s: 12 | 3 | 1902] Effluent from No. 1 (primary) + | + fi pele eee 
large Manchester Bed, two 
fillings 
| 
Effluents from No. 2(seconi-\ | Only two samples were ex- 
ary) small Manchester Bed amined 
| Bile salt glucose peptone test : : 
| 1 sample at 100 1 sample at 10 10 out of 16,indol and 
Sein 22,000: toper it a 5 100} per clot 
| 4 ;, 10,000 f c.c. 5 ab ph 000 : | 8out of 16, neither indol 
Effluents from No. 2 (second : . Oe aes i : * 3 100000 es 1 oat ai clot, but no 
r t e - 
ary) large Manchester Bed Lactose peptone milk test: 1 i negative 1/100 Cc, indol j 
; 1 sample at x a » 1/1,000 c.c. | 2 out of 16 indol, but no 
AVERAGES : 1 100 clot 
[e58 eoc, bese. SOG ne 
| 2 fs » 10,000 te 
H i ” ” 100,000 . 
Effiuents from No. 1(primary)\ No samples examined by the 1 sample at 1,000 per None of the 5 gave both 
large Manchester Bed. | above tests 3 5 » _10,000+ 6G indol and clot 
1 - » 100,000) ~~ | 4 out of 5 gave acid clot, 
but no indol 
1 out of 5 gave indo], but 
| no clot 
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B.S.=Bile Salt Glucose Peptone 

















3 


Number of B. Coli (or closely 
allied forms) in 1 c.c. 






































4 
Chief Biological Charac- 


ters of the strain of B. 
Coli present in the 
number specified in 

Col. 3. 
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5 6 heer | : 8 9 
















B. Enteritidis Sporogenes Test. 


Indol Test. Spores of B, enteritidis “Gas” Test. Neutral-red Broth Test 
‘ sporogenes (Klein’s “enteritidis | “Gas production in gelatine +h. 
Indol ‘b dsoe hear Ge direct change” in anserobic milk “shake” cultures, 24 hours at aren cece 
3 cultures). Cultures heated to 20° C. i 
80° C. for 10 minutes, 


REMARKS. 


: *001 | -0001 | *00001 | 14 °1 | -01} 001} ‘0001 | 00001 | 1 “O01 | 001 | *0001 
C.C.} C.C.] C.C.1 C.-C. | C.C. | C.C. | C.C.] C.C,] C.C.] C.C.] C.c. | C.C. | ¢.C.] C.C.) C.C.) C.c.] ¢.c. 


1 | ‘1 | °O1 | -001 | °0001 | °00001 
C.C.} C,C.} C.C. oC. 

























00001 
c.c. 










































































Be — ; Gelatine at 20° C. . 
co i 
Agar at 37° C.'180,000] Pet &¢- 
gi g Gelatine at “240000 | Piicropess 
Agar at 37°C. 88.000) Per o° 
oe a Gelatine at 20° C, : 
9,800,000 } microbes. 
Agar at 37° C. 400,000J Per &-¢-- 
ue = P Gelatine at 20° C. : “: 
1,400,000 Spe 
Agar at 37°C. 29,000) Pe %° 
va ae om oe) ; Gelatine at Lele oo Prinrober! 
? 
Agar at 37° C. 270,000) Per ¢-¢- 
(? B. pyocyaneus present in ‘002 
C.C.) 
i) 
\ i 














1 sample at 10 3 samples at 1 per 1 sample at 100 per Gelatine at 20° C. ox \ microbes 
8 beat 1,000: per 17 Som tare 16} e BF Png OEE TO00) 584,195 er o.c 
4 e » 10,000 { c.c. 2 is # TORT 2 4 A! » 10,000) ~~ | Agarat 37°C. 61,525 ae 
3 - yy 100,000 1 » negative 1 c.c. 
1 » negative 1/100 c.c. 

- yy -1/1,000 c.c. 
1 sample at 1,000) per | No samples examined by tlis No samples examined by this | Gelatine at 20° C. . ; 
4 yy «(10,000f cs. | test "test 3,980,000 (microbe & 

Agar at 37°C. 193,400 J per ees 
| 
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1 2 8 4 
ee ee ay Chief Biological Charac- 
oak of the wih gh B. 
Siar ers oli present in the 
Description of the Sam pis. B.9.=Bile Salt Glucose Robins N ey ou oo number specified in 
Test.(+ = acid and gas), i pri th cultures (48 hours|———__O0 Se 
LBM. = Lactose Peptone Mille Oi or Op Sha Deen Gas. |Indol (ay Acidity, 
Test (+ = acid gas and clot). | surface gelatine plate method). 22 | +1 © Coe 
Time of Collection. 4 gi go 
nities SF 
No. Other Details. 1 | 10 |100| 1,000] 10,000] 100,000] 1 | 10 | 100] 1,000} 10,000} 100,000 Sas be 
a . a | | a af nen a OD mn 
H i) r= 3 1 | -1 | -01| -001 | -0001 }00001 |. 1 | *1 | °O1| ‘001 | “0001 } 00001 as oz 
ae A S > c.c.| ¢.c.|!c.c.| ¢.c. | Ge. | Cc. | ¢.c.}¢c.] cc] Cc. | Cc. | Cc. Ge as 
—— $$$ -— 
B.S. 
ft ee 404.38\p.. 28 1 | 1902 | Effluent from Ducat Bed, chance ete a 
sample 
B.S. a 
2.60) a0 a.m.= 4 2 | 1902 | Effluent from Ducat Bed Ae AP 
6 p.m. 
B.S. 
8 .. | 10a.m.- 12 2 | 1902 | Effluent from Ducat Bed ss ar = j 
4 p.m. ‘4 
B.S. 
4 .. | 9a.m.- 19 2 | 1902 | Effluent from Ducat Bed ss =p 
4.30 p.m. 
B.S. 
5 ass 9 a.m. 25 2 | 1902 | Effluent from Ducat Bed Pe + 
B.S. - 
6 .. | 9a.m.— 4 3 | 1902 | Effluent from Ducat Bed ob at 
4 p.m a < 
B.S. 
7 ..|9am- 12 3 | 1902 | Effluent from Ducat Bed Je of A 
4 p.m. i 
} 
8 .. | 10 a.m.— 19 3 | 1902 | Effluent from Ducat Bed 4 +] — He a ee 
4 p.m. 
| 
y 
2) 406 _ 24 3 | 1902 | Effluent from Ducat Bed ae a i + + + cu 
B.S. 
=A0> 2. — 25 8 | 1902 | Effluent from Ducat Bed ais = 
} 
Se peer mW Ne 3 4 | 1902 | Effluent from Ducat Bed, chance + + — pk + 
3 sample | 
| 
B.S. 
12... | 24hours | 7-8 4 | 1902 | Effluent from Ducat Bed a ae — 4 
LPM] B.S. ’ 
113 =~. | 24 hours 14 4 | 1902 | Effluent from Ducat Bed as og co = 
L.P.M : 
4 .. = 26 4 | 1902} Effluent from Ducat Bed, chance +] — shales + + + af 
sample 
: 
B.S. 
“15 .. | 24 hours 29 4 | 1902} Effluent from Ducat Bed KB gsc) ame 
LPM 
B.S. 
LOets. 24 hours 7 5 | 1902 | Effluent from Ducat Bed ae +|/ — 
LPM 
LPM) B.S. 
ifs 8S - 12 5 | 1902 | Effluent from Ducat Bed, chance ia |e alte = 15 i = oe + ee Sm 
sample 
18 ..| 24hours |15-16] 5 | 1902 Effluent from Ducat Bed ae fa + a5 i; - 
i} 7 1 
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)FFLUENTS FROM THE Ducat ContTiINuous FILTER AT LEEDs. 








5 | 6 7 










| £ 
—————— — | ed 
B. Fnteritidis Sporogenes Test. F 
Indol Test Spores re B. enteritidis re tenes Test. a ¢ a nenline’ Broth Test. 
: : sporogenes (Klein’s “ enteritidis as” production in gelatine reenish-yellow fluorescence. 
Indol ee aro. direct change” in anerobic milk “shake” cultures, 24 hours at 48 hours at 87° C. . 
(6 vay . cultures), Cultures heated to 20° C. ae 
80° C. for 10 minutes. REMARK :. 











a | 
4 | 10 | 100} . 000} 10,00} 100,000] 1 {| 10 | 100 | 1,000] 10,000} 100,000] 1. | 10 | 100] 1,000] 10,000} 100,000} 1 | 10 |109 1,000] 10,000] 100,000 


J | 14°. } 001 | 0001 |} ‘00001 | 1 | ‘1 | 01 | 001 | 0001} 00001] 1 | *1 | °01} *001} “0001 | *00C01 “1 
€.C.} €.C.| €.C.| C.c. | C.C. | CC. | C.C.] CC.) ¢.c.| C.c.] Cc. | C.c. | C.C.| C.C.] C.c.] C.c, | C.c, | C.C. | C.C.} C.c. 
We : 


“OL | 001 | ‘0001 | 00001 
C.C.| €.C.}] CC. C.C- 

























































































microbes 


Se per c.e. 


Gelatine at 20°C. 
Agar at 37°C. 130,000 
























































‘ + | — — +) ~— |" 
+|— +) — tfo— 
' 25 
| 
+ — — +) = 
+| — +|-- +) — 
+] —- +) +|— 
| | 
» “ Hae a ine { + jet 
+) — +|— 4 )= ; 
+ a | { Gelatine at ae aaa malonibes 
: : | Agar at 37°C. " 32,000) Per ¢-c. 
+ Gelatime at 2C° C. : faiorahos 
j mores per c.¢. 
Agar at:37°C. 490,900 ae 
na { t 
, ca ie se | | te pes 


+) — y.=Culture virulent to guines- 
pig. 


























ree 
j ry 
' + + 
‘ | | 
{ 
+s + 
| | a0 
| 
+ + Ss 
| | | 
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ee 


1 | 2 3 4 


Chief Biological Charac- — 
ters of the strain of B, | 

Coli present in the 
number specified in q 
Col. 3. . 














Description of the Sample. Number of B. Coli (or closely 
allied forms) in 1 ¢.c. 


(‘Primary broth cultures (48 hours 


B.S. =Bile Salt Glucose Peptone 
Yest (+ = acid and gas). 





























































































































——<— CO | EAC BG pu ilk Tee IT GAIL 
ae ae se Peptone Milk at 37° C.) and subse Gas. |Indol ‘ai 
1 ia . quent . 
Test (+ = acid gas and clot). | surface gelatine plate method). |: 2 oS lot 
Time of Collection. ie 3 ae B 
3g & . n. 
Pon hn | se | Litmus mill 
NOs la a | Other Details 245] 3% | cultures, 5 
3 i p 1 | 10 | 100 | 1,000] 10,000] 100,000} 1 | 10 | 100] 1,000} 10,000} 100,000 2 ore 32 | days at 
aaa tate: » ——|——|——|—- S|) | ae ee 
Hour. | F | 2 | 8 1 | 1 {or | 001 | -o002 | “00001 | 1 | -1 [01 -002 | -o001 | -oo001 | 2°'| SB 
A S al c.c.| ¢.c.| ¢.¢.| ¢.c. | cc. | ©.c. | 6.0} Gc.) Cc.) Cc. | Ce. | CC. & 3 a | a) | Or 
BE —— EE 
| | ‘| ~ | | 7 
19 oa = 27 5 | 1902) Effluent from Ducat Bed, chance i | oh at f - =a 
| | sample | | 
| 
| | 
go .. | 24 kours 28 5 | 1902 | Effluent from Ducat Bed | | 
| 
| | 
| L.P.M| 
eee oe 3 6 | 1902 | Effluent from Ducat Bed Berl +) — 
| } ¥ 
} | | B.S. | . d 
oF eee — 10 6 | 1902 | Effluent from Ducat Bed re Nba Fil + / — a ae fe 4B ar + 
| L.P.M : % 
e 
| f 
Seer 24 hours | 11-12 6 | 1902 | Effluent from Ducat Bed abe | | | | + = : + fine + + 
t | F 
| | } * 
7 
| | | | 3 
24 (C. | — | 16 6 | 1902 | Effluent from Ducat Bed, chance f + _ ye — cP - a 
sample | ‘ 
| 3 ; 
oe | a 18-19 6 | 1902 | Effluent from Ducat Bed ae: | ey ee Pare + + +@ 
| , ; * 
: 
a: — 1 7 | 1902 | Effluent from Ducat Bed, cl ance | +/ — + + + +35 
: sample t 
* 
4 
| f 
| | | y 
| : 
Nes = eas 7 | 1902 | Effluent from Ducat Bed as | | e 
\ | | | e- 
| | | 
re 1..P.M| B.S. 2 
28.) | ~ 7 7 | 1902 | Mffiuent from Ducat Bed me | + + — 
| | | ; 
k | | i 
| i 
| Ibs. P.M 1 | 
29... _ 16 7 | 1902 | Effluent from Ducat Bed, chance ib eae se a 
sample | | , 
| } | i 
| | : 
| | E 
80. | — | 26 8 | 1902 | Effluent from Ducat Bed, chance | | sl. ee ane a a ay “ 
| | sample | | | | 
| a | | i 
ie ie j 
| | | B.Su . % 
{1 .. | 24 hours 3 9 | 1902 | Effluent from Ducat Bed oe eee tee Bie ee ie + | |} + | +), + ee 
| | | { 7 
| 
Bo Sic — L 35 9 | 1902 | Effluent from Ducat Bed, chance | | | + =) i +) + a 
| sample | | | 4 
ia 
: 
| | 
| pas 4 B.S. 4 
BS.) ae — | 39 | 9 | 1902 | Effluent from Ducat Bed, chance | + oe ' + > +; ¥- a | 17 
i sample | | L.?.M ' 
| | A 
| | iz 
aot | BS. . ie 3 
34. . | 24 hours 10 | 1902 | Effluent from Ducat Bed e | A oo — ; =F =— ie 3; ee + 
| L.P.M. 2 
f ; 
| ’ 
| | ; 
| \B.£ “| 
SBS at _ 13 10 | 1902 | Effluent from Ducat Bed, chance | 4) —-| + 4 e= + tn + i 
: sample \ ‘ 
| | | 
| | | 
i _———— if pa ewe ad: ene — 
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aFFLUENTS FROM THE Ducat Continuous FILTER at LeEeps—Continued. 





B. Enteritidis Sporogenes Test. 


Spores of B. enteritidis “Gas titest, 
Indol Test. Pp : SIAC ate ; Neutral red Broth Test 
. . sporogenes (Klein’s “enteritidis | “Gas production in gelatine sees 
| 4 Indol ee, aor. direct change” n ee ype milk “shake” cultu: ee 24 hours at Gospnie seller Suyreecence, 
| 3 cultures). Cultures heated to \ 20° C, 


80° C. for 10 minutes, 








1 | 10 | 100] 1,000) 10,00: | 100,000] 1 | 10 | 10v} 1,00: | 10,000] 100,0c0| 1 | 10 | 1U(| 1,006] 10,00'} 100,000] 1 | 10 | 100} 1,00¢} 10,001} 100,000 











} 1] .1 | °0 | ‘001 } ‘0001 | 00001} 1 gt) ‘01 | -Ou1 | “0001 | “00001 | 1] *1 | -01 | 001] -0001 | 00001} 1 } *1 | 01} “001 | “0001 | 00001 
 G.€.} C.C.) C.C.| C.c. | C.c. |] C.C. | C.C.| CC.) ¢.c.| C.c.] C.c. | Cc. | C.c.)¢.c} Cc.) ¢C.c.} C.c. | CC. | CC} C.C.] C.C.| C.c.] Cc. | Cc. 


7 ¥. 








vy. |N.V / | 
+ j= +/+) — +) = 





ES >) a a | ee, a cS a 




















































































































| 
-_* a | 
ae == Dal che se +] = 
. { | 
| | 
+= ate | 
| 
| 
+ += / 
| 
| 
+ +|~- 
ae sa a ew aa 
| \ 
E ee 
| | 
| 
| 
| | 
| 
| | i‘ 
| | 
24 | 48 ( 
urs. | hrs. \ } | 
te =s | == +/+] —-) ats = 
| 
“ 24 48 
‘rs. ars. | j 
He Cres 5 aed eae | 
24 | 48 
hrs | hrs. | 
ess Pie +} — +/+] -| cau ae 
| H 
+ _ ql a= - 
ay oe +] — = = 
| 
H 
| 
et Sa age i = 
Le) | 
a ! 








REMARKS. 


y. = Culture virulent to guinea pig. 
N.V.=Culture nen-virulent to 
guinea-pig. 


% 
-*=Culture pathogenic but not 
virulent to guinea-pig. 


No streptococei found in ‘001 ¢.c. 


Xostreptococe found in ‘1 c.c¢. 
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1 2 3 4 ¥ 





ee ee SS SS 








Chief Biological Charac’ 
ters of the strain of B. 


















































































































































Description of the Sample. * ; Coli present in the a 
P E B.S.=Bile Salt Glucose Peptone Snr Aare tad number specified in 4 
Yest (+ = acid and gas). | -p,j broth fe hs lane 
——  — ——__ £.2.M., = Lactose Peptone Milk jt onary broth cultures (48 hours 
Test (+ = acid gas and clot). psi, by and subsenent = (a) Acidity. | 
. . “Fe 8 surface gelatine plate method). |; » (b) Clot y 
Time of Collection. Se tres 2 
n 
22) 2e (Lituons mi 
~ “ - re cultures, 5 | 
Bo, e Other Details. 1 | 10 | 100 | 1,000] 10,000] 100,000] 1 | 10 | 100} 1,000} 10,000] 100,000 “25 © 3 days ab 
- mI Caramel nemeeeer 9 Iccemcced) (emmenaess fm fn cette a! Ge Sha SP SRE | Ray (PNR |, IEE ee —WoS aon by ed ‘be: 
Hour. gz a | 3 1 | -1 | -01 | -001 | -ooor | 00001 | 1 | -1 | -01| -001 | -0001 | -o0001 1 eS” ee 7 
Ss C.C.| €.¢.} 6.C.| C.¢., | Cc. ee EO3) G62 )-6.6., eC.) C6554) 36.6 SUR RCI NE DRAM Mehl Am emi BS | @ oO 
B.S. |L.P.M | 
S6F.. _ 20 10 | 1952 | Effluent from Ducat Bed, chance + + _ + — + + + + 
i sample | 
| B.S. 
87 .. | 24hous | 23 10 | 1902 | Effluent from Ducat Bed PY + — + _ + + + — 
| L.P.M 
B.S. 
$8) =. -- Wh 10 | 1902\| Effluent from Ducat Bed, chance + = 
sample 
Sous -- 30 10 | 1902 | Effluent from Ducat Bed Ae 
40 .. | 24hou.s | 12 | 11 | 1902 | Effluent from Ducat Bed As 
1 
} 
a ne I _ 17 11 | 1902 | Effluent from Ducat Bed, chanee 
sample | 
: B.S 
SOR pe — 25 11 | 1902 | Effluent from Ducat Bed as = 
| 
tous 
a3. | — 4 12 | 1902 | Effluent from Ducat Bed 
B.S. 
ve | = 17 12 | 1902 | Effluent from Ducat Bed + =i 
| 
f 
; : 
45... = 31 | 12 | 1902 | Effiuent from Ducat Bed =a | 
67.) gts 9 | 1 | 1903 | Efflaent from Ducat Bed ze : + | — | 49) BRST eee 
B.S. 
Ai oo | — 13 1 | 1903 | Effluent from Ducat Bed a + me 
48... | = 4 3 | 1903 | Effluent from Ducat Bed ae : : 
| 
| 
| B.S. 
AoW Ts. — 10 3 | 1903 | Effluent from Ducat Bed ay or aa ; 
| 
| 
BO fee 4 — | 24 3 | 1903 | Effluent from Ducat Bed y, 
| a. 
Bile salt glucose peptone test: 4 samples at 100 17 out of 21, indol an 
4 samplesat 100 11 3 Se DOOI pew clot 
15 8) ARE DOO tee Bae. 4 e000 1 out of 21, neither indol 
ial sy eg 2 10000 ‘i yxy: 200,000 nor clot. 
AVERAGES: ‘ 1 out of 21, acid clot, but 
Lactose peptone milk test : no indol 
4 darn pies at 100) , 2 out of 21, indol, but no 
8. pea a 10 a clot - 
f 3 ” » 10,000 ea : 
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5 6 7 8 9 
i 
| 
B. Enteritidis pee aaah Test. * ae 
Spores of B. enteritidis “Gas” Test. . 
Indol Test. A ae aheat Fpgtee ; Neutral red Broth Test 
Indol in broth cultures direct | SPOToSenes (Klein’s “enteritidis | “Gas production in gelatine Greenish-yellow flu »rescence, 
(5 days at 37° C) change” in anzerobic milk “shake” cultu es, 24 hours at 48 hours at 37°C 
; y ; cultures). Cultures heated to 20° C, 2 
80° C. for 10 minutes, REMARKS. 
; 1 | 10 | 100} 1,000) 10,00: | 100,00C] 1 | 10 | 101} 1,00: | 10,000] 100,000] 1 | 10 | LUC} 1,00C} 10,90 | L00,000} 1 | 10 | 100} 1,00( | 10,001 | 100,000 
a 1] .1] ‘0 | 001 | -0001 | -00001 } 1 in *O1 | OV1 | “0001 | 00001 | 1} *1 | O01} 001 | *0001 |} 00001} J | “1 | ‘01 | 001 | °0001 | 00001 
MeEesCelIC.G|C.C.)'C.C.)| €.C. | .C.e. | CC!) C.c.}'c.C.|-¢.c3.| cic] ce. |.¢.c.] Cc} ¢.c:] c.c.} cc. | ¢.c. | ¢.c.| ¢.c.| ¢.c.| c.c.| Cc. | Gc, 
| i 
i | 
+} — +} — + | — | 
; | 
| | 
| Aa 
at ane +) — | + = 
| 
i 
ale Agar at 31° C. 150,000 microbes 
| i “per ¢.c. 
: | 
ey eee | Agar at 37°C. 240,CCO micrcles. 
} per c.c, 
bil 
A | Agar at 37° C. 3,200 microkes per 
c.c. Cane-sugar test + ‘0ul ; 
— ‘0001 ¢.c. 
2ee Se | Cane-sugar test + °0001 ; — *00001 
Cxes 
pre | 
pe ine Agar at 37° C, 170,000 microbes 
pes ¢.c. 
> tee 
| | ‘ 
ae a Agar at 37°C. 138,000 microbes- 
per c.c. 
+ — +|— ; 
+ os 
. 
Clg oe Agar at 37° C. 2,700 microbes 
per ¢.c, 
+ — 
Ee ape Agar at 37° C. 6,500 microbes 
per c.e. 
; is te te Ged 8 lesat 100 Gelatine at 20° C. a 
. sample at ira per samples at 7 per eeey ee 5 oh 1 c.c. (24 ae coe Ser 0d ier 1,750,000 microbes 
8 5 ” 40,000) oo 1 ‘ ” 1900} o 8 55 37 10,000! fyece: Agar at 37° C. 123,740] PEt ¢-¢. 
” ” ? ” ” ? 1 v = 120,009 
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2 8 4 








NO ne ee Chief Biological Charac- 


ters of the strain of B. 


Coli present in the 


Description of the Sample. Number of B. Coli (or closely 




















































































B.S.=Bile Salt Glucose Peptone allied forms) in 1 ¢.c number specified in 
cons cee we pays ee > BE ee Test (+ = acid and gas). ‘Primary broth cultures (48 hours Col. 3. 
= L.P.M. = Lactose Peptone Milk at 37° C.) and subsequent Gas. |Indol (a) Acidit , 
‘Test (+ = acid gas and clot). | surface gelatine plate method). |: 2 wx | AO Clots , 
Time of Collection. aa | 8d 
4 i=] Ts. . 
eae eae em Me he 
N ner Detail j 2x] 3% | cultures, 5 
0. ; Other Details. 1 | 10 | 100 } 1,000] 10,000} 100,000} 1 | 10 | 100] 1,000} 10,000) 100,000 o> | & a oe 
a : ia | Ra ees) Sn ee 2 ee ee ee ee —|583| aa 2 
Hour. g a 3 1 | *1 | -01 | 001 | 0001 | 00001 } 1 | 1 | °01} ‘001 | -0001 | -0000 as r ve 
s a c.c.| €.¢.| ¢.c.| cc. | 6.6. | CC. | CC.) C.0./ 60.) CC. } Cc. | Cc. [Oe ae mi, | 
Fe a 
B.S. | 
1 eas 20/a.m.—) yl 94 2 | 1902 | Effluent from Cameron Bed .. # 
6 p.m. 4 
B.S. 
23. 4 10.48.m.— 12 2 | 1902 | Effluent from Cameron Bed .. | + : 
4 p.m. , | es i 3 
/ | ‘ 
| | B.S. | 4 
8 .. | 9a.m.- 19 2 | 1902 | Effluent from Cameron Bed .. + 7 
4.30 p.m. 
= . | ad 
B.S. 
4 .. | 9am.- 25 2 | 1902 | Effluent from Cameron Bed .. + | 
4 p.m + 
J | 
B.S. 
5 .. 9 a.m.- 4 8 | 1902 | Effluent from Cameron Bed .. = 
4 p.m. 
| 
6 ..|/10a.m- | 19 | 38 | 1902] Effluent from Cameron Bed | Boy ES + | 4+ | 4°) see 
4 p.m. | 7 
. ~~ 
| i * 
. | a 
OT aan —_ 3 4 | 1902] Effluent from Cameron Bed, | op + a om + i 
taken during full discharge | 
; | B., 4 
82.) 24 hows —| 7-8 4 | 1902} Effluentfrom Cameron Bed .. | + — | ‘ 
| 
| 
10 .. | 24hours Uf 5 | 1902 | Effluent from Cameron Bed | 08 = + — (alkali -- 
coe | 
Ne 24 hours | 1£-16 5 | 1902 | Effluent fiom Cameron Bed ..| rd | ese t + re + ae 
| | | ~~’ 
| (eRe | } 
Sel One =s 27 5 | 1902 | Effluent from Cameron Jed ah as + t +: + 
(chance) : 





B.S. |L.P.M. 
LS ays —_ 10 6 | 1902 | Effluent from Cameron Bed, + + — 
No. 4 Bed 











14 .. | 24hcurs |11-12; 6 | 1902) Effluent from Cameron Bed, 
No. 4 Bed 








Oe een — 7 7 | 1902 | Effluent from Cameron Bd, eet 
No. 4 Bed 


EG rere = 26 1902 | Effluent from Cameron Bed 
No. 4 Bed 























| L.P.M 

| | e 

ie ii B.S, :. 

:9 .. | 24 hours 14 4 | 1902 | Effluent from Cameron Bed .. | | 8) = 

| |L.P.M.| ; ' 4 

| 7 i 

| Fst 
4 

> 

A 

4 

a 
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1g EFFLUENTS FROM THE CAMERON BeEps AT LEEDs. 











B. Enteritidis Sporogenes Test. 







































































Indol Test. Spores of B. enteritidis ae “Gas” Test. Q Neutral-red Broth Test 
Indol in broth cultures direct | §P orggenes (Klein B. eneeritidis Px Gas production un gelatine Greenish-yellow fluorescence, 
p72 9 ° 
(5 days at 37° C) change” in anzerobic milk shake” cultures, 24 hours at 48 hours at 37° C 
5 cultures). Cultures heated to 20° C. ‘ 
80° C. for 10 minutes, REMARKS. 
1-| 10 | 100} 1,000} 10,00} 100,000] 1 | 10 | 10u] 1,00(] 10,000] 100,0c0] 1 | 10 | 1u(| 1,000] 10,00’} 100,000} 1 | 10 | 100] 1,000 10,000] 100,000 
1] .1] °0 | 001 | 0001 | -00001 1} ‘1 | :01 | ‘001 } -0001 | -00001 1} *1 | 01} 001 | 0001} *00001} 1 | ‘1 | °01 | °001 | °0001 | ‘00001 
€.C.] C.C.| C.C.) CC. | C.C. | C.c. | C.C.} C.C.] C.c.] C.c.] Cc. | Cc, | Cc.) CC.) Cc] c.c.] Cc. | Cc. | C.c.1 C6.) Cc.) Gc.] C.c. | Cc. 
—_—— ua 
| 
| | 
seal) +i +) — 
e 
+|— +) — + 
F 
4 
7 +|- ats + 
a0 yo a tal 
ce 47 |) | te a 
i oe eae : Gelatine at 20° C. Hiricratess 
| 5,400,000 Fre eve 
i Agar at 37°C. 55,000 ra 
y | | 
| 
Gelatine at 20° C. rape 
‘ sano ano | era 
Agar at 37° C. 130,000) P& °° 
+] — le he a | 
= + — + — Bt ee 
' au ae Gelatine at 20° C. eta 
he 2,600,000 p microbes 
Agar at 37°C. 71,000) Pe &° 
} | | | 
| | 
ell = +) — +} = 
¥. IN.V.| | } 
+ ey pS | + | V.=Culture virulent to g. pig. 
| | | N.V.=Culture non-virutent tc 
| guinea pig. 
fa | 
: | | 
) 
: Vv. | 
+ _ +{— ae +i) a 
| 
+} — |+}— 
pt No streptococci found in ‘1, -01, 
and ‘001 ¢.c. (agar curtures at 
87° C.) 
24 48 | 
hrs. hrs, | 
+] — +|— +}/—| +] —- Sal Mana 
ee ee 




































































Description of the Sample. 
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B.S.=Bile Salt Glucose Peptone 
Test (+ = acid and gas). 














Chief Biological Charac- 
ters of the strain of B. 


. Coli present in the 
Number of B. Coli (or closely F ;: 
allied forms) in 1 c.c. number specified in 


(Primary broth cultures (48 hours Col. 3. 



























































Lactose peptone milk test : 
6 samples at 10,000 per c.c. 


— ,0€CSoT hE] 1. P.M. = Lactose Peptone Milk ° b Gas. |Indol. E 
Test (+ = acid‘gas and clot). eterigie sere Githo). igre me Oy toe 
Time of Collection. re 86  - 
Ea | 32. {Litmus milk 
No. | Other Detail li 4G| 3% | cultures, 5 
0. : ther Details, 1 | 10 | 100 | 1,000] 10,000] 100,000] 1 | 10 | 100} 1,000} 10,000 100,090» er og “oe * 
; a d ——|——|—— | _- -|——|——|——|-—] -— —!833| 4a 87° Cy 
Hour, 7p etn erin 1 | -1 | -01| -001 | -0002  -o0001] 1 | 1 | -01| -001 | -0002 | -oo001 | 3” 38 
A = al €.C.].¢.€.| Cre.) 5¢.C, } e.6..\]) 6.629 | €.c2)e.c, |\C.e.],.c.¢; }.e.c. 1} § ¢.6.2 | oe asl @ | o) 
B.S. 
17 24hours | 38 9 | 1902 Effluent from Cameron Bed. se ES ae = + + 
No. 4 Bed 
B.S. 
18 — 30 9 | 19(2 | Effluent from Cameron Bed. + — +) — + + SF = 
No. 4 Bed (chance) L.P.M }- 
‘ 
: " 
B.S. “4 
19 — 13 10 | 1902 | Effluent from Cameron Bed. + = + —_ + = + = 
No. 4 Bed (chance). L.P.M. , 
B.S. [ 
20 — 20 10 | 1902 | Effluent from Cameron Bed. + —_ + _— + _ + + 
; No. 4 Bed (chance) L.P.M 
B.S. n 
vA AS — 27 10 | 1902 | Effluent from Cameron Bed. + sss be 
No. 4 Bed (chance) “A 
7 
¢ 
hs 
“22 24 hours 12 11 | 1902} Effluent from Cameron Bed. Z 
No. 4 Bed ie 
* 
B.S. 
23 — 17 12 | 1902; Effluent from Cameron Bed. + =: \ 
No. 4 Red é } + 
“24 — 4 3 | 1903 | Effluent from Cameron Bed. i 4 
No. 1 Bed “ 
B.S. r. 
25 —_ 10 3 | 1903 | Effluent from Cameron Bed. S = i 
No. 3 Bed j 
x 
Bile salt glucose peptone test: | B. coli tes’: 7 out of 12, indol and : 
1 sample at 1,000) per 1 sample at 100° clot : 
13 % 3 10,000 i ‘ 4 * i 1,000 | per 2 out of 12, neither in-— 
1 55 » 100,000) ~*~ 6 * » 10,000 { c.c. dol nor clot 
AVERAGES:> 1 Peep 200,000 2 0t of 12, acid clot, 


but no indol 
ay or " 12, indol, but no 
els 


{ 


é 
. 
; 
§ 
; 
; 


1 


; 


2 
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¢ EFFLUENTS FROM THE CAMERON BeEps at LEEDS.—(Continued.) 























5 6 7 8 9 
B. preg ay ety la Test. dace ride 
Indol Test. pores of B. enteritidis : est. Neutral-red Broth Test 
Indol in broth cultures direct mcr tiwaneriite cle S Neg Lae ete ee st Greenish-yellow fluvrescence, 
rare aver C5. cultures). Cultures heated to 20° C. ae oe St 


80° C. for 10 minutes, 


















































REMARKS, 
100} 1,000] 10,000} 100,000} 1 | 10 } 100} 1,000] 10,00°} 100,000} 1 { 10 | 100} 1,000) 10,000 100,000 
*O1 } ‘001 | -00014 °00001 j} 14 °1 “OL “001 | °0001 +0001 1] 1 | 021] “O01 } °0001 | -00001) 
c.c.] cc. | 6c. | ¢.c.|c.c.) c.c.] c.c. | c.c. | C.c. | C.c.]¢.C.] C.c.] C.c. | C.C, | CeCe 
24) 48 
hrs.} hrs. 
+ Gt a fi +t) — 
+ | — +|— | t 
rs — +i + = 
+ ==) +{ — + _- 
eo Agar at 37°C. 209,000 microbes 
per c.c. 
opie ? Agar at 37° C. 81,000 microbes 
j | per c.c. Cane-sugar test + 
| “0001 ; — ‘00001 c.c. 
ofa eral (ce 
oo) | Agar at 37° C. 70,000 microbes 
per c.c, 
BE a i 
| 
2 samples at 1,000 a 3 samples at 1) or Usually + ‘1; — ‘Olc.c. (24 | 1 sample at 100 Gelatine at 20° C. 
Saee «5. 10,000 re 13 Se oe | 10 ing hours at 20° C.) ko 1,000 | per 3,738 333 | Per 
Ce eae re 400,000.) -== 6 a pee LOO J beat 5 5 10.600 { c.c, Agar at 37°C. 102,666) ~ 
Ee ori 100,000 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF (1) THE WHITTAKER BED EFFLUENTs, ANI 


-— - 









8 4 
Chief Biological Charac- 
ters of the strain of B. 


Coli present in the 

Number of B. Coli (or closely ; 
allied forms) in 1 ¢.c. mpage Pe in 
Primary broth cultures (48 hours s . 

at 37° C.) and subsequent 
















Description of the Sample. 
Meas e B.S.= Bile Salt Glucose Peptone 
: Test (+ = acid and gas). 
L.P.M. = Lactose Peptone Milk 
Test (+ = acid gas and clot). 

























Gas. |Indol. (a) Acidity, 



































surface gelatine plate method). |: 1 
Time of Collection. s 28 | sq © Clot 
se Bx. | Litmus milk 
No Oth Las) 3° | cultures, 6 
: er Details, ONS] Be | days at 
Ha baa cae Fea art a akc ae add RS 
0001 | 00001] 1 | “1 | °01] -001] -0001| -oo001 2 8° | SB |__ 
c.c: | .¢.c. | ¢.¢.| c.c.| c.c.| ©.0: C.c. | 33 ay ora 
we ae 





































































































B.S. 
Leen} 4.200p.0, 28 1 | 1902 | Effluent from No. 2 Whittaker +] — 
Bed, chance sample 
B.S. 
2 10 a.m.- 4 2 | 1902 | Effluent from No. 2 Whittaker + _ 
6 p.m. Bed 
B.S. 
3 .. | 10a.m— 12 2 | 1902 | Effluent from No. 2 Whittaker +] — 
4p.m, Bed 
B.S. 
Cael Or a Hes 19 2 | 1902 | Effluent from No. 2 Whittaker + 
4,30 p.m. Bed 
B.S. 
5 .. | 9am.— 25 2 | 1902 | Effluent from No. 2 Whittaker a 
4 p.m, Bed ; 
B.S. 
6 .. | 9a.m.—- 4 3 | 1902 | Effluent from No. 2 Whittaker | + — 
4 p.m. Bed 
at B.S. 
7 9 a.m.— 12 3 | 1902 | Effluent from No. 2 Whittaker + 
4 p.m. Bed 
LPM| B.S. j 
8 10 a.m.- 19 3 | 1902 | Effluent from No. 2 Whittaker alee — 
4 p.m, Bed 
‘ ° 
9 _— 24 3 | 1902 | Effluent from No. 2 Whittaker = 
| Bed 
a 
10 ~ 25 8 | 1902 | Effiment from No. 2 Whittaker — i 
| Bed L.P.M. , 
{ ; 
B.S.|L,P,M ; 
j7 =P 2.22" pum; 2 4 | 1902 | Effluent from No. 2 Whittaker | +i +f — 
Bed, chance sample 
B.S 
EPH tye 24 hours | 7-8 4 | 1902 | Effluent from No. 2 Whittaker ek == 
Bed LPM 
1S = 24 hours ta14 4 | 1902.) Effluent from No, 2 Whittaker +4 | + ots + 
Bed ; 
BS. : J 
14 .. | 24 hours | 29 4 |; 1902 | Effluent from No. 2 Whittaker sural fee i 
Bed L.P.M 
« 7 
B.S. 
15 .. | 24 hours 7 5 | 1902 | Effluent from No, 2 Whittaker ae 3 
Bed LPM 
B.S.|L,P,M x 
AG” se = 12 5 | 1902; Effluent from No. 2 Whittaker Gelb ae = bie tee “le = = = 
Bed, chance sample 
y 
cn 
17... | 24hourg {15-16 5 | 1902 ar ete from No. 2 Whittaker + _ cs Tr i 
Be 
| . 
1 — 27 5 | 1902 | Effluent from-No. 2 Whittaker Ep = az = 77 
Bed, chance sampl: ; 
19 ., | 24 hours 28 5 | 1902 ee from No. 2 Whittaker 5 
Be 
L.P.M 5 
20 ahs. _— 3 6 | 1902 eae from No. 2 Whittaker TLE — : 
Be 
B.S. 
OL ee _ 10 6 | 1902 | Effluent from No. 2 Whittaker +] — +] — + =e = 
Bed LPM 























7 
7 








i 





ROYAL COMMISSION ON SEWAGE DISPOSAL. 


347 





) THE WHITTAKER Bep EFFLUENTS AFTER FILTRATION THROUGH A LAYER OF FINE ASHES. 





























5 
B. Foberttiais Ly etd Test. Cetra 
Indol Test, OO eo a als sana hy “Gas” Tes Neutral-red Broth Test 
4 sporogenes (Klein’s “enteritidis | “Gas production in gelatine rac 
Indol ib dye ats Op direct change” in anzrobic milk “shake” cultures, 24 hours at Seba e rg mgr rT Ai i 
(5 day Z cultures). Cultures heated to 20° C. " 
80° C. for 10 minutes, REMARKS. 








1 | 10 | 100} 1,000} 10,000) 100,000) 1 | 10 | 100} 1,000] 10,000) 100,000) 1 


“0 | "001 | *0001 | “00001 ‘OL | 001 | -0001 | "00001 | 1} 1} °01) -001 
C.C.} C.C.| C.C.} C.C. | C.C. | C.C. | C.C.] C.C.[ C.C.] C.c.} C.Cc. | Cc. | CC.) C.C.] C.c.] C.c. 



















‘1 | 01} °001] ° 
C.C.} C.C.} C.C.] C.C.] C.C. 
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se ie eS ata 
5 ae hares a9) | a ag eh ope 
a ee 
| 
| ard eee sus Ea ats ae 
Be | REL Pty 
Bee eae Wee ae ee a he 
=e El ed goth 371 (ioe 
Vv 
ba ah lea as eee 
caren 
| tel = 
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6225.—App. IV. 


; Geljatine at 2U° C. \ 


| Asarat3.°C. 36,000 





Gelatine at 20° C. 
420,000 
Agar at 37°C. 14,000 per c.c. 


microbes 


micrcbes 


360,090 Free cnc 


* Culture pathogenic, but not 
viru'ent to guinea pig. 


V.=Culture virulent to guinea 
pig. 


V.=Culture virulent to guinea 
pig. 





2Y 2 


2 SO ae rr ee ee oe 


Sa 
SS 


pe 


Soe te oe 


Sa 


Seer 


ares 
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ce  —————_—_—___—— 





No. 
Ch re 
23 
24 
25 
26 


27 


29 


30 


A So 


33 


40 








Time of Collection. 





Hour. 


24 hours 








Description of the Sample. 


11-12 


18-19 


21 


11 


15 


30 


30 


11 


31 














Month. 


© ie} oo 


© 


10 


11 


11 





Year. 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 


1902 








Other Detatils. 


Effluent from No. 2 Whittaker 
Bed 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No. 2 Whittaker 
Bed 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No 2 Whittaker 
Bed 

Effluent from No. 2 Whittaker 
Bed 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No. 2 Whittaker 
Bed 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No. 2 Whittaker 
Bed 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No. 2 Whittaker 
Bed 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No. 2 Whittaker 
Bed, chance sample 


Effluent from No. 2 Whittaker | 


Bed 


Effluent fron. No. 2 Whittaker | 


Bed 


Effluent from No. 2 Whittaker 
Bed 








APPENDIX : 


B.S. = Bile Salt Glucose Peptone 
Test (+ = acid and gas). 


L.P.M. = Lactose Peptone Milk 


Test (+ = acid gas and clot). 


1 | *1 | °01 | °001 | -0001 | -00001 


C.C.} €.C.} C.C.} C.C. c.c. c.c. 




















B.S. 
cis ae 
L.P.M 
L,P.M| B.S. 
+1 +] — 
B.S. |L.P.M. 
+i + {| — | 
B.S. 
+ — 
a 
L.P.M. 
+ 
B.S. 
+ —_— 
- L.P.M, 
B.S. | L.P.M 
‘ + | + 
B.S. 
+ fox 
. |L.PM 
B.S. 
|. — 
| 




















ReEsutts oF THE BAcTERIoLogicaL EXAMINATION OF (1) THE WHITTAKER BED EFFLUENTS, AND 


Number of B. Coli (or closely 
allied forms) in 1 c.c. 


Primary broth cultures (48 hours 


at 37° C.) and subsequent 
surface gelatine plate method), 


1 | 10 | 100] 1,000] 10,000] 106,000] 1 | 10 | 100] 1,000} 10,000] 100,000 























1 | +1 | -01| -001 | -0001 | -00001 
C.C,| C.C.} C.C.} C.C. | C.C. c.c. 
PRS: § Sec 
+ — 
+ —_ 
fh) a 
} 
| 
i 
fm eS 
7 
ies), 
ele 3) 
$n 
Fae 
. 
| 
a | ae 
‘es 

















20° C.) 
(Broth cultures, 
° C ) 


cultures, 24 hrs. at 
5 days at 37 


(Gelatine “shake” 





Bs 





















4 


Chief Biological Charac- 
ters of the strain of B. 
Coli present in the 
number specified in 
Col. 3. 


(a) Acidity. 
(6) Clot. 


(Litmus milk - 
cultures, 5 
days ab 

37° C.)> 





(a) | 





+ a 
+ | 4 
+ | + 
+} + 
+ | + 
+ 
{ 
+ | + 
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(2) THE WHITTAKER Bep EFrFrLueENTS AFTER FILTRATION THROUGH A LAYER OF Fine AsHEsS—OContinued. 











B. Enteritidis Sporogenes Test. 


7 Spores of B. enteritidis “Gas” Test. 
Indol Test. ae Say ; Neutral-red Broth Test 
. sporogenes (Klein’s “enteritidis | “Gas production in gelatine runes 
Tndol grea aero, direct change” in anzrobic milk “shake” cultures, 24 hours at baer Cned ie pa 
2 cultures). Cultures heated to 20° C. { 


80° C. for 10 minutes. 


REMARKS. 











1 | 10 | 100] 1,000) 10,000) 100,000} 1 { 10 | 100} 1,000] 10,000} 100,000} 1 | 10 | 100} 1,000} 10,000 


001 | *0001 | -00001 } 1 “a |-o1 0001 | 00001 | 1 | -1 | -01| -oo1 
c.c. c.c. C.C.} CC. 


100,000] 1 | 10 | 100} 1,000} 10,000] 100,000 


*O1 | ‘O01 | “0001 | ‘00001 | 1 | “1 | 01] °001} -0001 | 00001} 1 | “1 | ‘01} 001} °0001 | 00001 
C.C.| C.C.] C.c. | ©.C. | C.C.| C.C.| C.c.] C.C.] C.c. | C.C. | C.C.| C.C.| C.C.] C.C.} CC. 






















































































































































pay) = + |— | | 
ae ng | 
+ | — + | -- 
+ | — + | — +) — +|— 
+|— 
+ a 
{ 
+ pee 
+ Et 
+ | — + |— + - 
2 48 
hrs. hrs, 
i a Noe ee ae — 
48 
hrs. hrs. 
Gir = ay | Ge +] — + = 
24 48 
hrs, hrs. 
| + a ta +}/—| 4+] — fe — 
| 
{ 
oF = iP | + — 
{ 
\ 
| 
ar = cul!) Sand + 
i Ny 
| 
uP <3 Page at ste = 
} 
| 
pl | Agar at 37°C. 110,000 microbes 
' | : | per ¢.c. 
| | 
ae ie : | : Agar at 37° C. 370,000 microbes 
f | | per ¢.c. 
| | 
| | 
+} —| | Agar at 37° C. 45,000 microbes 
| | per c.c. Cane-sugar test + 
| ‘00001 c.c. 
} 
/ | 
+ aa | 
e { 
| 
as +> — 
ce ey Agar at 37°C. 100,000 microbes 
| ° per ¢.c. 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF (1) THE WHITTAKER BED EFFLUENTS, AND 







Chief Biological Charac- 
bag ot the — of B. 
Number of B: Coli (or closely oli present in the 
Pa? Ee Salt sonal yr al allied forms) in 1 ¢.c. number fees in 
SSA maha RNR I Ss ali in hte Penind sink (Primary broth cultures (48 hours = 2 a 


: at 37° C.) and subsequent Gas. 
Test (+ = acid gas and clot). | surface puveine plate method). 





Description of the Sample. 









= 










(a) Acidity, — 
(b) Clot. E 


(Litmus milk 
cultures, 5 
days a 

7° C.) 


Time of Collection. 








~ Other Details, 







1,000} 10,000] 100,000} 1 | 10 | 100) 1, 10,000} 100,000 


? 
*1 | -01 | -002 | -0001 | -00001 | 
l 
\ 














(Broth cultures, = 
) 6daysat 37°C.) o)/O 


Ce} C.C.} C.C. | C.C. c.Cc. 





432. | =e eel ao 1 | 1903 | Effluent from No. 2 Whittaker ae (ce + as 
Bed 


a ee — 20 1 | 1903 | Effluent from No 2 Whittaker 
Bed 











AB ss — 3 2 | 1903 Eeiiene from No. 2 Whittaker a — 
Be 





AG .. — 4 3 | 190: peene f:om No. 2 Whittaker 
Be 


47 .. | 2.98pm. | 2 | 4 | 1902 Effluent from No. 2 Whittaker a 
Bed after secondary filtration, 
chance sample. 


ani) 
| 





2h ods -- 5 7 | 1902 | Effluent from No. 2 Whittaker 
Bed after filtration 





B.S. 
AQ... _ 16 7 | 1902.) Effluent from No. 2 Whittaker +/+ — 
Bed after filtration, chance LPM 

sample 








£507 Se -- 21 7 | 1902 | Efflu-nt from No. 2 Whittaker 
Bed after filtration, chance 
sample 


Bl so 5 | g | 1902| Eainent from No. 2 Whittaker 2. 
Pelafter filtrat-on L.PM 





eee ae 11 | 8 | 1902] Effiuent from No. 2 Whittaker ca ae ee | lee + 
Bed after filtration, chance 
sampie 





Aes as 3 9 | 1902 | Effluent from No. 2 Whittaker bes eee +h EY a ae 
Bed after filtration 


. LP.M 
SAW Wea _ 8 9 | 1902 | Effluent from No. 2 Whittaker + _ + =< 3 % 
Bed after filtration 





Be: i 15 9 | 1902 | Effluent from No. 2 Whittaker ‘ +t; =a Bs Be: 
: Bed after filtration, chance 
sample 





w 
ta 


UAUPRES _ 22 9 | 1902 | Effluent from No. 2 Whitta'er 
i Bed after filtration, chance 
i sample 





+ 
| 
+ 
| 
+ 
+ 





B.S. 
Eb ities = 30 9 | 1902 | Effluent from No. 2 Whittaker ab 
Bed afver filtration, chance LP. 
sam le 








+ in 
+ 
| 
BS 
| 
a 
ae 


6S «4 — 6 10 | 1902 | Effluent from No. 2 Whittaker 
Bed after filtration, chance 
sample 











9. a 7 | 10 | 1902 | Effluent from No. 2 Whittaker bee ua Ee be 
= 3 Bed after filtration LPM 











BO ee — 23 10 | 1902 | Effluent from No. 2 Whittaker +) +4] — 4m Nag? . 7 
Bed after filtration 














61. es 27 | 10 | 1902 | Effluent from No. 2 Whittaker + 


Bed a’ter filtration, chance 
sample 























—_—— — 
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) rHE WHITTAKER BED EFFLUENTS AFTER FILTRATION THROUGH A LAYER OF Fine AsHES—OContinued. 



















6 6 7 9 
B. Haterics Eporocanes Test. eran ee 
Indol Test. POUCH Od: Dy CHUCETUICIS, ts “Gas” Test. Neutral-red Broth Test 
sporogenes (Klein’s “enteritidis | “Gas production in gelatine rake 
Indol MS dpearente direct change” in angerobic milk “shake” cultures, 24 hours at gig oi POC 
day! cultures). Cultures heated to 20° C. : 
80° C, for 10 minutes, REMARKS. 


1 | -1 | -01| -o01 | -0002 | -oo001 
C.C.} C.C.} C.C.} C.C. c.Cc. C.Ce 











“001 | *0001 | -00001 } 1] °1 } ‘01 | “001 | -0001 } -00001 
C.C.} C.C.] CC.) CC, | C.C. | C.C, | C.C.| @C.] C.C.] C.C.] C.c.] Cc. 
































































































































































+ — ey 
ee Agar at 37° C, 120,000 microbes 
per ¢.c, 
+ — . 
ae pa Agar at 37° C, 13,000 microbes. 
per ¢.c¢. 
rl Soa ae se a = 
+ — 
+ — 
+ — 
Fai = oa + = 
24 48 
hrs, hrs. 
+| — Bl ae +}/—|+|/—-— 
48 
hrs. 
as |S +) — +} — 
neg. 
24 
hrs. 
24 48 
hrs, hrs. 
=F — a: So (el I a [et - 
24 48 
hrs, hrs, 
+ ie +|/-— $i—) +h — aoa 
24 48 
hrs. hrs. 
tea + | — +/—|/+] — 
ig hb tS en 
+ oo +|— + — 
+ | — +|— +|— 
+} — +/— + = 
Agar at 37° C. 15,000 microbes 
= ha per C.c, 
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aaa aacaaaaaaaaaaaaaacaaaaaaaaases saa 


No. 


63 


64 


65 


66 


67 


68 


49 


70 


71 


“78 


74 


75 


76 


77 


APPENDIX: 


RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF (1) THE WuitTakER Brep ErrLuEnts, AnD 


Description of the Sample. 


Time of Collection. 


Other Details, 






1902 | Effluent from No. 2 Whittaker 


Bed, sand filtrate 


Effluent from No. 2 Whittaker 
Bed after filtration, chance 
sample 





1902 | Effluent from No. 2 Whittaker 
Bed after filtration, chance 


sample 





1902 | Effluent from No. 2 Whittaker 


Bed after filtraticn 


1902 | Effluent from No. 2 Whittaker 
Bed after filtration, chance 


sample 


1902 | Effluent from No. 2 Whittaker 


Bed after filtration 


1902 | Effluent from No. 2 Whittaker 


Bed after filtration 


1952 | Effluent from No. 2 Whittaker 


Bed after filtration 


1902 | Effluent from No. 2 Whittaker 


Bed after filtration 


1902 | Effluent from No. 2 Whittaker 


Bed after filtration 


1903 | Effluent from No. 2 Whittaker 


Bed after filtration 


1903 | Effluent from No. 2 Whitt .ker 


Bed after filtration 





1903 





Effluent from No. 2 Whittaker 
Bed afier filtration 


1903 | Effluent from No 2 Whittaker 


Bed, sand filtrate 


1903 | Effluent from No. 2 Whittaker 


Bed after filtration 





1903 | Effluent from No. 2 Whittaker 


Bed after filtration 





1903 | Effluent from No. 2 Whittaker 


Bed after filtration 
























Test (4+- = acid and gas). 








1 | ‘1 | ‘01 } 001 
C.C.} C.C.}'C.C.| C.Cc. 






c.c. 








2 
n 





| 


B.S. 











B.S.= Bile Salt Glucose Peptone 


L.P.M. = Lactose Peptone Milk 
Test (+ = acid gas and clot). 


1 | 10 | 100} 1,000] 10,000] 100,000] 1 


















4 
Chief Biological Charac- 
— - the obs B. 
Number of B. Coli (or closel ol Present in the 
allied forms) in 1 c.e. ‘ peers in 


(Primary broth cultures (48 hours 
at 37° C.) and subsequent 
surface gelatine plate method). 


0001 | °00001 
c.c. 















‘| (a) Acidity. 
(0) Clot.” 





aml 






















to) 
t (itmusmilkk — 
gs cultures, 5 
10 | 100 | 1,000] 10,000} 100,000 oy days at 
Sn 37° C.) 
1 | *1 | -01] -001 | -0001 | 00001 3 g 
¢.c./¢.C./¢.c.| Cc | C.c. C.c. as (a) () 











Whittaker Bed Effluents: 


AVERAGES : 


Whittaker Bed Effluents after 
filtration : 





N 


Bile-salt glucose peptone test : 


5 samples at 
9 


” ” 


100 
1,000 } Per 
igs ;, 10,000 


C.c. 


Lactose peptone milk test: 
4 samples at 100 
Tees » 1,000 { per 
yer » 10000 fc.c. 
9.0 ae ,, 100 000 


Bile-salt glucose peptone test : 


100 
* » _1,000 
” ” 10,000 


5 samples at per 


1 c.C, 


Lactose peptone milk test : 
2 samples at 10): 
4 1,000 eo 
10,000 7 * 


” ” 
” ” 


2 





2 samples at 
0 


” 


4 ” 


” 4 
1 » hegative yon C.C. 


2 samples at 


100 12 out of 17, indol and 
A 1,000 | per clot 
» . 4, 10000 fe2¢; 2 out of 17, 
“5 100000 indol nor clot 
3 out of 17, acid clot, 
but no indol 


neither 


100 
ny 1,000 
»  Li,000 


8 out of 11, indol and 
clot 

2 out of 11, neither 
indol nor clot 

1 out of 11, acid clot, 
but no indol d 


per 
C.C. 
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) tHe WHITTAKER Bep EFFLUENTS AFTER FILTRATION THROUGH A Layer or Fine ASHES—Continued. 





5 é rs 8 | 9 











B. Enteritidis Sporogenes Test. 


Spores of B. enteritidis “Gas” Test. 
Indol Test. E tes : Neutral-red Broth Test 
: sporogenes (Klein’s “enteritidis | “Gas production in gelatine 
Indol ieee arco direct change” in anerobic milk “shake” cultures, 24 hours at | rj hon Reece 
ss cane cultures). Cultures heated to 20° C. 


80° O, for 10 minutes, 










| 
| REMARKS, 
a a eee 


100] 1,00] 10,000} 100,000} 1 | 10 | 1U0) 1,000} 10,90 | L00,000; 1 } 10 | 100) 1,000} 10,000) 100,000 


“O01 | *O01 | 70001 | -00001 *1 | -01 | 001 | 0001 | 00001} 1 } °1 } ‘01 | 001 | °0001 | ‘00001 
C.C.} C.C.] CC. ] C.C. | C.C.) C.C.] CC.) C.c.] C.c. | C.C. | C.C.1 CC.) CC.) CC.) C.C. | C.C. 


1 | 10 | 100 | 1,000} 10,00 | 100,000) 1 | 10 


0 | ‘001 | 0001 
C.C.] C.C.} C.C.} C.C. c.c. 













“00001 
c.c. 









cc. 














| — é Agar at 37° C. 11,000 microbes 
: per ¢ c. 
+]}— Agar at 37° €, 140,000 microbes 
[ per ¢.c. 
+| — : : Agar at 37°.C. 35,000 microbes 
perc.c. Cane- -sugar test + 001 ; 
— 0001 c.c, - 
. +) — Agar at 37° C. 26,000 microbes 
: 5 perc.c, Cane-sugar test + °001 ;. 
: — ‘0001 c.e. 
+} — mF apg ‘Cane-sugar test +01; —'001 ¢.c, 
ca 3 
+/)-— Agar at 37° C. 15,000 microbes: 
per ¢.c. 
+t) + | _ . 
‘ vet Be 
‘i Ung ee 
+] — ae eek is s 
- A Ke: 4 r J “ 2 
' 


























Agar at 37° €: 100000 microbes 
per ¢.¢. : 


Agar at 37° C. 69,000 microbes 
per ¢c.c. 


Azar at 37° C, 2,600 microbes per 
Cie.) 


Agar at 87° C. 700 microbes per 
ec, 


Agar at 37° C. 6,700 mier. bes per 
eer 


6 samples at 100) per 1 sample at 1) per | Varied from + 1 to + ‘1 c.c. 3 samples at ‘100 Agar at 37° C, 101,000 microbes | 
4 a ” 1, } 13 ” $4 10 \per (24 hours st 20° C.) 8 * = 1,000 { per per CC, 
8 ” » 10,000 29 ” o 100 sal oS » 10,000 [c.c. 

1 » hegative ty ¢C, 1 ” ” 10), 00 : j 
5 samples at 100 12 sampls at 1 With one exception + 1; — ‘1 2 samples at 10 Agar at 37* C, 38272 microbes 
aad ecetial ron lee ‘4 et ern, os 10 | Per e.c, (24 hours at 20° C.) QUA Cell ye Gog’ | ost perec, | 
4 Sn Fnin,,£10,002 erent Pam 1 Rane i segs a NS BE 


| 
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LEEDS. 
SUMMARY OF RESULTS.* 


CRUDE AND SCREENED SEWAGE. 
Bile - Salt Glucose Peptone Test. 
21 Samples. 


18 samples (about 86 per cent.) 100,000 (+ ‘00001 e.c.) 
3 samples (about 14 per cent.) 10,009 (+ ‘0001 c.c.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) 
as follows :— 


Bile-Salt Glucose Peptone Test. 


Pi about 86 per cent. S@©SCOSOCOOCOBGOOOOSOSOOOODOOOOOSOOOCOO 
100,000 hh de deh ded dded ddd ddd dd ddd ddd dh deh ddd ded ded de ddd ded dededde Dede des 


10,000 ©@@©@@@OOCCCCCCE® About 14 per cent. 


LEEDS CRUDE AND SCREENED SEWAGE. 
LactosE Perrone Mik TEst. 
14 Samples. 


11 samples (about 79 per cent.) 100,000 (+ :00001 cc.) 
3 samples (about 21 per cent.) 10,000 (+ -0001 cc.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) 
as follows :— 


Lactose Peptone Milk Test. 
about 79 per cent. @©@COOCOOCOCOCOCOOOOOCOCECOOCEO 
100,000 @@S@SSOSCSCOOOSSSOOOOOOOSOCEOHHOOSCECOOSOOOCOCESOCED 


10,000 @@9@C CCC COOCOCOOCOSCOEOCS about 21 per cent. 


B. Cort Trsr. 
16 Samples. 


11 samples (about 69 per cent.) 100,000 (+ ‘00001 c.c.) 
5 samples (about 31 per cent.) 10,000 (+ :0001 cc.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) 
as follows :— 


B. Coli Test. 
about 69 per cent. CE©8@SOCOOCCCOCCOOCSC® 
100,000 @@ OOOO OOOCOOOOOOOO9OOOO000O99HOSHO8HHHOHHHOOOOOD 


10,000 SG©0COCGCCOCCOCOCOOOCOOOOCOOOOOOESOG® about 31 per cent. 


As regards the biological attributes of the B. coli or coli-like microbes isolated from the 
samples, about 62 per cent. were, on the basis of the tests employed, typical B. coli. 





* Unless otherwise stated, the results are given as number of bacteria per c.c. of the sample, 


N.bB.—As regards the bile-salt glucose peptone, lactose peptone milk, B. coli, and neutral-red broth tests, it is to 
be noted that the tests were not “ pushed” beyond zggy99 ¢-¢, . It should also be noted that the percentages are 
frequently based on the examination of asmall number of samples. Subject to this qualification, the method adopted of 
comparing the different results will, it is hoped, be of use to the Commission. 
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CRUDE AND SCREENED SEWAGE 
Inpou TEst. 
17 Samples. 
11 samples (about 65 per cent.) 100,000 (+ ‘00001 c.c.) 
6 samples (about 35 per cent.) 10,000 (+ 0001 cc.) 


_ These results may be shown in a diagram (each dot represents one per cent. of the samples) 
as fellows :— 
Indo TEst 


about 65 per cent. @@©@G©OGOOSOSOOOOOCO 


100,000 ©6@ 0060066966089 000990089800000000000000089905008 
10,000 ©€©0000000068008680806908080008980008 about 35 per cent. 


B. ENTERITIDIS SPOROGENES TEST. 
29 Samples. 
2 samples (about 7 per cent.) 10,000 (+ ‘0001 cc.) 
19 samples (about 65 per cent.) 1,000 (+ ‘001 c.c.) 
8 samples (about 27 per cent.) 100 (+ ‘01 cc.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) 


as follows :— 
B. Enteritidis Sporogenes. 


10,000 G©@06@@@®@ about 7 per cent. 
about 65 per cent. @@@@@@@CCeCEGOESO 
1,000 @©@©OOOSSEOSSSOSSSOSCOSSHSSOSSSHOHOHOSSOOSSSOGOESS 
100 S@®®@eeCeoeeceeosoeegoeeoes about 27 per cent. 


CRUDE AND SCREENED SEWAGE. 


“Gas” Txst (gas in gelatine “shake” cultures within 24 hours at 20° C.). 
18 Samples. 


Usually the samples gave a positive result with from + ‘01 to + 001 cc. within 24 hours. 


at 20° C. 
NEvuTRAL RED Brora TEst. 


23 Samples. 
20 samples (about 87 per cent.) 100,000 (+ -00001 c.c.) 
3 samples (about 13 per cent.) 10,000 (+ ‘0001 cc.) 
These results may be shown in a diagram (each dot represents one per cent. of the samples) - 


as follows :— 
Neutral Red Broth Test. 


about 87 per cent. 0@€OG0OO6GS8GO 0000080000090 090000060000 
100,000 @@@0OC08SOO96OSSOG0068006088800000800000008080000 


10,000 ©G@@G02@C0SSSC® about 13 per cent. 


TotaL NUMBER OF BACTERIA PER C.C. 
Gelatine at 20° C. Agar at 37° C. 
39,625,000 2,271,000 
Most of the foregoing results may be shown in one diagram for comparative purposes (see 


Diagram L I). 
Septic Tank Liquors. 


For the sake of simplicity the various tank liquors are considered here together. 
Bile-Salt Glucose Peptone Test. 
- 28 Samples. - 
20 samples (about 71 per cent.) 100,000 (+ ‘00001 cc.) 


7 samples (about 25 per cent.) 10,000 (+ ‘0001 c.c.) 


1 sample (about 3 per cent.) 1,000(+ ‘001 c.c.) 
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These results may be shown in a diagram (each dot represents one per cent. of the samples) 
as follows :— | 


Bile-Salt Glucose Peptone Test. 


about 71 per cent. ©@@@0000080000080060008 
100,000 ©0000 0OOCOS 000000000000 00000000000000500000009008 
10,000 @©@8©0296060000000000000008 about 25 per cent. 
1,000 @@@ about 3 per cent | 


Lactos— Perrone Mink Tesv. 
12 Samples. 
5 samples (about 41 per cent.) 100,000 (+ ‘00001 ec.) 


4 samples (about 33 per cent.) 10,000 (+ -0001 cc.) 2 
3 samples (about 25 per cent.) 1,000 (+ ‘001 cc.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) 
as follows :— 


Serric Tank Liquors. 
Lactose Peptone Milk Test. 
about 41 per cent, @@@@ 
100,000 @@@@G@COOCCOCOOSS 900808009009 0006000000 


10,000 €©000000606090660000009609009009000600 about 33 percent. 
1,000 | ©006006 0666600689009 6000@ about 25 per cent. 


B. Cou Test. 
13 Samples. 
3 sainples (about 23 per cent.) 100,000 (+ ‘00001 c.c.) 


8 i (about 61 per cent.) 10,000 (+ ‘0001 «.c.) 
2 - (about 15 per cent.) 1,000 (+ ‘001 cc.) - 


These results may be shown in a diagram (each dot represents one. per cent. of the samples) 
as follows :— 


B. Coli Test. 
100,000 ©©998080600806008060000008 about 23 per cent. 
about 61 per cent. @@@@@@0@0e00e000000000 
10,000 2@ 0000000000000 000280890000000000080000000 
1,000 @@@C@SGOCCOGSGEO@ about 15 per cent. 


As regards the biological character of the B. coli or coli-like microbes isolated from the sample, 
about 61 per cent. were, on the basis of tests employed, typical B. coli. 


Septic Tank Liquors. 
InpDoL TEST. 
| 15 Samples. 
6 samples (about 40 per cent.) 100,000 (+ -00001 e.c.) 
6 samples (about 40 per cent.) 10,000 (+ 0001 c.c.) 


2 samples (about 13 per cent.) 1,000 (+ 001 cc.) 


1 sample (about 7 per cent.) negative result zg35;5 ¢.¢. 





These results may be shown in a diagram (each dot represents one per cent. of the samples) as 
follows :— 


Indol. Test. 
100,000 ©69 O60 O06 6080000808809 080080000608900068 about 40 percent. 


10,000 ©8966 000006008 090000090000990000000000096 about 40 percent. 
1,000 @e@9e@0e@6@006088 about 13 per cent. . 


About 7 per cent. negative ygtg, ©.¢. 
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B. ENTERITIDIS SpoRoGENES TEst. 
31 Samples. 


4 samples (about 13 per cent.) 1,000 (+ -001 ce.) 
19 samples (about 61 per cent.) 100 (+ ‘01 cc.) 
8 samples (about 26 per cent.) 10(+ ‘1 cc) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) as 
follows :— 
B. Enteritidis Sporogenes Test 


1,000 ©@00000000966 about 13 per cent. 
. about 61 per cent. ©0000000000 


100 ©00000000000000000000000 00000 0e CC OCOD OOOROCCODORCE 
10 200000000000 000000RO0OCHOS About 26 per cent. 
“Gas” Test (gas in gelatine “shake” cultures within 24 hours at 20° C.) 


The resuits varied usually from + ‘1 to + ‘01 ce. 


Septic TANK LIQuoRs. 
NevutTraL Rep Broru TEst. 
29 Samples. 


11 samples (about 38 per cent.) 100,000 (+ -00001 e.c.) 
17 samples (about 58 per cent.) 10,000(+ ‘0001 cc.) 
lsample (about 3 percent.) 1,000(+ -001 cc.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) as 


follows :— 
Neutral Red Broth Test. 


100,000 ©@@ 0000000000060 0060908000068 000088008 about 38 per cent. 
about 58 percent. @@@®S@OG®@ 


10,000 ©089000 00800000 00000000000000600000000000000000008 
1,000 @@@ about 3 per cent. 
TotaL NUMBER OF BACTERIA PER C.C. 
Gelatine at 20° C. Agar at 37° C. 
7,803,636 425,000 


Most of the foregoing results may be shown in one diagram for comparative purposes (see 


tion L. II). 
New Leeps Fitter ErFiLueEnts. 


Bile-Salt Glucose Peptone Test. 

















Negative 
10, 100. 1,000. 10,000. 100,000. age he 

Before settlement - — 138% 38. 8 3, 6 8. — 
(5 per cent.) | (17 per cent.) | (44 per cent.) | (33 per cent.) 

After settlement - — — 4s, 28. 2s. — 
(50 per cent.) | (25 per cent.) | (25 per cent.) 

After settlement and 1s. 43. 38. 4s, 1s. 2 8. 

filtration (6 per cent.) || (26 per cent.) | (20 per cent.) | (26 per cent.) | (6 percent.) | (13 per cent.) 





These results may be shown in a diagram, as follows :— 


Bile-Salt Glucose Peptone Test. 
33 per cent. 


3 9 LS Nas: IAN hee ad Tee 


F100,0004 ee eee ee ee , 25 per cent. 


+ + + + + + 6 per cent. 





* S indicates “samples.” : 
+ Each sign=one per cent. of the samples: ,=before settlement ; .=after settlement ; +=after settlement 


and filtration. 
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9 5] b ’ b] ’ +] 9 b] 5] 9 5] 5] 9 + b b] +) ’ +) +) , ’ b) ’ $ 32555 
10,000 
ererdery, fore ime lice & . Tee Eh. dpedis aticgwaes bs 85.0.0 pete ces 
| 
4 toe ot ee a ae 4°94 SD £9 499 OF es 4 4+ + 4 26 percents 
9 5] b 9 b b] ’ 9 ’ b 9 id b) b] ’ ’ 17 per cent. 
1,000 50 per cent. ° e ° e e e e ° e e e e e ° e . e 
| e e J a e . e e . Ld 
lat t+ bo +b  & 4 4 + PO eS ee eee per Gane 
ss 
100 \ yo) ey pee Per weaE. 
Lt + +0 Eee ee ttt oh oti + + 4s ot ee eeeiigen. 
| } 
10 | i 
L+ + + + + + 6 per cent. 
18 per cent. of the samples, after settlement and filtration, yielded a negative result with >> ¢.c- , 
New Leeps FItrer EFFiueEnts. 
LacrosE PEpTONE MiuK TEST. 
10. 100. 1,000. 10,000. 100,060. N oEabiye 
100 ©-¢. 
Before settlement - —— | iL a ese 6s. ae 
(7 per cent.)* (50 per cent.) | (43 per cent.) 
After settlement - aan Is? 28. | 1's: 23. La 
(16 per cent.) | (33 per cent.) | (16 per cent.) | (33 per cent.) 
After settlement and ls. — 2s. Lis. ls. ls. 
filtration - - | (16 per cent.) (23 per cent.) | (16 per cent.) | (16 per cent.) | (16 per cent). 
These results may be shewn in a diagram, as follows :— 
Lactose Peptone Milk Test. 
43 per cent. 99 9S OD es eee 
9 ’ +] , b +) 9 9 St”  S ’ 9S pre dud b 9 b) Feed 9 "Sa? bas | +) 9. 9 +) 9 y 4 
a as 33 per cent. 
710 ‘000 e ° e e e e e e e e ° . e e. e e 
Gi tiger ne cn: 4 
: 
50 per cent. 9 9 b J, SY 9 b b] 9 b] b , + 9 ’ ’ b) bf b] y _ 
+] te 4 ’ b] 9 b y 9 9 dl b] +] 9 b 9 9 9 ’ b] 9 9 y y y b 9 , } 
10,000 | 
oe ee ee sts Men PANT. . 1G per cent, 
+ + + + + + + + + + + + + + + 16 per cent. . 
/ 7 
/ : 
| 33 per cent. 
1,600 e e ° 6 ° e . . e e ° e e ° e ° e ® e e ° 4 e ° e ° ° e e e © 
| 33 per cent. 
+e ete tee ete eee eee te tee te ee +t ttt + ttt + + t+ 





* These figures are given for comparative purposes. 


leading. 


But percentages based on a few results may be mis- 





Ee 


+ Each sign=one per cent. of the samples; ,=before settlem2nt; .=after settlement ; +=after settlement 


and filtration. 
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(3 Mrsety? sh 9 7-4) POL Cert, 


2a ry ° e e ° ° r) ° ° e . e ° ° e e 10 per cent. 


10 


Settee tte t+ + + + + + + ~ ‘16 per cent. 
16 per cent. of the samples after settlement and filtration yielded a negative result with 3, c.c. 


New Leeps FILTER EFFLUENTS. 








B. Court TEst. 
10. 100. 1,000. 10,000. 109,000. Negative 1 c.c. 
Li 
Before settlement - — 38. 93. 8 8. -- 
(15 per cent.) | (45 per cent.) | (40 per cent.) 
After settlement - _ — 58. 2 8. 28. _ 
(55 per cent.) | (22 per cent.) | (22 per cent.) 
After settlement and ls. ls. 2s. IES a 23, 
filtration (7 per cent.) | (7 per cent.) | (15 per cent.) | (54 per cent.) (15 per cent.) 











These results may be shown in a diagram as follows :— 


B. Coli Test. 
40 per cent. , 9 b 9 9 b b , b 
+] b] +) y y +] y 9 +] b] y 9 y +) +] b b +) bd 9 ’ b] 9 5] b y 9 y +] 
*100,000 
° ° e ® e ry e e ° e ° ° e e e ° ° ° ® . 22 per cent. - 
Rey E ists Gh stiaghsiy 31) 9 909) 2099 99 For iy4yr 949 9 9:99 99 99-99 9 9 BO POF cent. 
BES sighs s+ + o's «e's seo 22 per cent. 


54 per cent. 
HEE EE EEE EEE EEE EEE HEHEHE EHH ttt tet teetetette ttt ttt tt tt 


ME Rhee Fan fe 99s reins ao per cent. 


1,000 55 per cent. . e e ° ° . ° . ° ° ° e e . e ° . . ° ° ° ° e ° e 


* + tof + + + + + + + + + + + 15 percent. 


100 
+ + + + + + + 7 percent. 


10 
+ + +-+ + + + 7 per cent. 


15 per cent. of the samples after settlement and filtration yielded a negative result with 1 c.c. 


As regards the biological attributes of the B. coli or coli-like microbes isolated from the 
various samples, 67 per cent. were, on the basis of the tests employed, typical B. coli. 


InpoL TEST. 


10. 100. _ 1,000. 10,C00. 100,000. | Negative 1 c.c. 





LES: tas 


Before settlement - — ee 5s. 4s, 
. (5 per cent.) | (24 per cent.) | (18 per cent.) | (52 per cent.) 


After settlement - —- — 38. 5 3. ls. — 
(33 per cent.) | (55 per cent.) | (11 per cent.) | 
1s. 28 


3 8. 68. : 
(23 per cent.) | (46 per cent.) | (8 per cent.) | (15 per cert.) 








After settlement and ls. 
filtration -  - |. (8 per cent.) 





* Hach sign = one per cent. of the samples: , = before settlement ; .=after settlement ; +=after settlement 
and filtration. 
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These results may be shown in a diagram as follows :— 
New Leeps Fitter EFFLUENTS. 


Indol Test. 


52 per cent. 95 ds 2 eee Ee 9a Se Pe eta eee re 
’ rer eer amr We ee ee Pe ee eR Se EERE a 


. 11 per cent. 


+ + + + + + + + 8 percent. 


o 
*100,0004 
Se 
f 


18 per cent. 


tM Wass Ts a ee Ma Pa OS Sats PD oth Sch fat WO | 
55 per cent. 1... 2. 


Tbe? SS Ce 
cine tet Ail Se 46 per cent 

» 24 per cent. 
33 percent. . . . 


° e ® e e ° e e ° e ° ° e © ° ° e ° e e e r) ° ° ° ° 


Peer ik ee ees Ya Be ie ed Ye ee a eed ae Do 
1,000 


OP ASL bee ane oo an 


ef , » 5 per cent. 


10 


+++ + + + + + 8 percent. 


15 per cent. of the samples after settlement and filtration yielded a negative result with 1 cc. 


New LEeps Fitter EFFLUENTS. 


B. EnreriTipis SPOROGENES TEST. 
ee eg a ee 














LE 10. 100. 1,000. Negative 1 c.c. 
Before settlement er artes — : 7-8. 20 s. 7s _ 
(20 per cent.) | (59 per cent.) | (20 per cent.) 
After settlement - - - - — 10s. 10 s. ae 
(50 per cent.) | (50 per cent.) — 
After settlement and filtration - 6s. 15s. 9s. “2s. 
(18 per cent.) | (47 per cent.) | (28 per cent.) (6 per cent.) 


a an a nn nn ee ee 


These results may be shown in a diagram as follows :— 
B. Enteritidis Sporogenes Test. 


20 per cent. “ 


9599.9. 29-9 99 A979 9D 9), Ae I ieee 


*1,000 


59 percent. 5 555 55555 


Par ae ae War ae ee Ds Ye Me Dm me rs ee Dees ae ss ves Jams st lt inate ent ee it le im dae dame imi ame ae cle he 


100 
50 per cent. 


6 ee 0 et osteo Lietielnep « le tiety ears Fel le bol Fivetretsey a ce? 0). 6 Jepesy amie Ce ee 8 (8 we Se eee 
ee eee + E44 4+ 4 OS eee 4 + 4228 per cent. 
ee ee a ee a 


* Each sign=one per cent. of the samples: ,=before settlement ; .=after settlement ; +=after settlement 
and filtration. — 


ee ee ee ee 


es ee ee 


Ps > 


EE ae 8 
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ce  —————————————————————————————— 


~ 


Ope es Fy 989 Vey sey 20 per Cent. 


ere ARS IA Od Pine pty Hee NT ee etl: walt! Sabon Ge 2 5) per cent. 


PEEP EEE HEE EEE HE EE HEE Ee EEE EHH EHH Ee tt e+ +444 47 percent. 


A 

| 

{+++ ++ +++ 444+ +4 44444 18 per cent. 
6 per cent, of the samples, after settlement and filtration, yielded a negative result with 1 c.c. 
“Gas” Test (gas in gelatine “shake” cultures within 24 hours at 20° C.) 
The effluents after settlement yielded better results than before settlement, and the effluents 

after settlement and filtration better results than before filtration. 
New Leeps Fitter EFFriveEnts. 


Neutratu Rep Brotrn Test. 























Jy Vv 
i | 10. 100. 1,000. 10,000 | 100,000. Negative 
| | too ©.C. 
| 
Before settlement - _- | -- | “= 23. 10 s. 6s. =: 
| (11 per cent.)(55 per cent.) (33 per cent.) 
After settlement - = | — | ls. 38. 28. 2's. — 
| (12 per cent.)(37 per cent.) (25 per cent.) (25 per cent.) 
After settlement te | — ls. 2's, 38. 1s. ic 
and filtration. (10 per conten ( 10 per cent.)((20 per cent.)/(30 per cent.)(10 per cent.) (20 per cent.) 


| | 





These results may be shown in a diagram as follows :— 
| Neutral Red Broth Test. 
Lt EE NO eS ee ee I aS Mel arb Be Oh (eI A 1 Le ie Al te Mee iti) a et ale Rs ee Mik i 33 per cent. 


*100,000, ° ty teeeo per eent, 
+ + + + + + + + + + 10 per cent. 


( 55 per cent. 


8 Fah pro linaiglh Mairelyraliorn 9) Fo? 
ec we + «20 per cont 


rae det 4 OS Rpg y! gee Ge te + BO per cent 


11 per cent. ila Pom CON te par ste. 


beer 
~) 
~ 
~~ 
~) 
“ 
~~ 
~ 
~~ 
~~ 
~ 
. 


apes 
es) 
S 
oO 
eae 


) . ° ° ° ° ° ° . ° ) ° e ) ° ) ° ® ) e e e 


Cae eet ae OGD + 4 4c &) ee + 20 per cent. 


oF + Bete ovine “e-*s wee. fies ‘6 2 per cent. 
eee ost ae +e 4 4) 20 per cent. 


+++ 4+ 4+ + + + + + 10 per cent. 
20 per cent. of the samples after settlement and filtration yielded a negative result with 23, ¢.¢. 
ToraL Number or Micropes (AGAR aT 37° C.) PER C.C. 


The average number of bacteria in the effluents before settlement, after settlement, and after 
both settlement and filtration, was 816,334, 218,500, and 134,136, respectively. 





* Hach sign=one per cent, of the samples’: ,=before settlement ; .=after settlement ; +=after settlement 
and filtration. 
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_ For the purposes of a broad comparison with the other effluents and with the sewage and tank 
liquors, it may. be permissible to present the chief New Leeds filter results in one diagram 
(L.IIT) without any distinction being drawn between the effluents before settlement and after settle- 
ment, and after both settlement and filtration. Following this diagram, however, two other diagrams 
(L.IV and L.V) are given, showing the results (a) before settlement and filtration (L.IV), and (b) 
after both settlement and filtration (L.V).* 


OLp LrEeps Fitter EFFLUENTS. 


As not many samples were examined, the results may be shown best in a tablea 
follows :— 




















10. 100. 1,000, 10,000. 100,000 
Bile-salt glucose peptone test — - a3 — — “sd GON 
Lactose peptone milk test - = - -- — — 38. = 
B. coli test - - - 2 Ses = pate ee os 
Indol test - - - ° - — — 2 3 28) 2s. 
B. enteritidis sporogenes test - 1's. 8. — — — 
Neutral red broth test- - - | — Tats — a Lsdey 3 
: ToTAL NUMBER OF BACTERIA PER C.C. 
Gelatine at 20° C. Agar at 37° C. 
9,014,000 381,167 


MANCHESTER Bep EFFLUENTS. 


As only a few samples from the No. 2 (secondary) small Manchester bed and No. 1 (primary) 
large Manchester bed were examined, attention will be directed only to the effluents from the 
No. 2 (secondary) large Manchester bed. : . 


BILE-saLt GuucosE Peprone TEs?. 
9 Samples. 
2 samples (about 22 per cent.) 100,000 (+ -00001 cc.) 
4 samples (about 44 per cent.) 10,000(+ 0001 cc.) 


2 samples (about 22 per cent.) 1,000 (+ ‘001 cc.) 
1 sample (about 11 per cent.) 100 (+ Olice) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) as 
follows :— | 


MANCHESTER BED EFFLUENTS. 
Bile-salt Glucose Peptone Test. 
100,000 S@@SCOS88OCC8GCCOedeGRGeC6@ about 22 per cent. 
per cent. 
10,000 @@@@6©€6 8680600080568 OOSOSSCOSEOOOHSHOSOOOOEOS shouts 
1000 €00®0000006900900000@0 about 22 per cent. 
100 @eeeeeeeee6@ about 11 per cent. 





* The percentage figures (represented in the diagram by dots) are merely approximate, and are sometimes based on the 


examination of a small number of samples. They, however, enable the reader to obtain readily some idea of the compara- 
tive results yielded by these effluents. 


T s. indicates samples. 
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MANCHESTER BED EFFLUENTS. 
Lactose Peprone MiLx TEst, 
8 Samples. 

_1sample (about 12 per cent.) 100,000 (+ -00001 c.c.) 
2 samples (about 25 per cent.) 10,000 (+ 0001 c.c.) 
3 samples (about 37 per cent.) 1,000 (+ ‘001 cc.) 
1 sample (about 12 per cent.) 100 (+ ‘O1 ce.) 
1 sample (about 12 per cent.) 10 (+ ‘1 c.c.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) as 
follows :— 


Lactose Peptone Milk Test. 
100,000 @@@@@@CCCSC@ about 12 per cent. 


10,000 O©@e@eeeeeeeeeoeeeoeeeoeseee@ about 25 per cent. 


1,000 S@DSSSOOOOSHOSOSHSSEIOCSCOOHOOHOSOOSOOSS § about 37 per cent. 
100 @@08@@00800008 about 12 per cent. 


10 @eeecceeceeees about 12 per cent, 


MANCHESTER BED EFFLUENTS. 
B. Coxut TEst. 
18 Samples. 


2 samples (about 11 per cent.) 100,000 (+ ‘00001 c.c.) 
7 samples (about 39 per cent.) 10,000 (+ . 0001 c.c.) 
5 samples (abont 28 per cent.) 1,000 (+ -001 cc.) 
1 sample (about 5 per cent.) 100 (+ “Oli: 
1 sample (about 5 per cent.) 10 (+ ce) 
1 sample (about 5 per cent.) negative zi, c.c. 
lsample (about 5 per cent.) negative yy'55 ©.¢. 


These results may be shown in a diagram (each dot represents one per cent. of the sample) as 
follows :— 


B, Coli Test. 
100,000 @@eee@e@eeec0ee@ about 11 per cent. 


10,000 9000000000000 000COOG 6008080008008 88088 about 39 percent. 
1,000 S@@@CCCCCCOCCCOCCOCOOCCOCOEEORH 2oUt 28 per cent. 
109 G@@@@ about 5 per cent. 
10 @@@@@ about 5 per cent. 


About 5 per cent. negative 73, c.c. 


iv 1 
About 5 per cent. negative zy ©.¢. 


As regards the biological characters of the B. coli or coli-like microbes isolated from the 


_ various samples, it is to be noted that 62 per cent. were, on the basis of the tests employed, typical 
B. coli. 


MANCHESTER BED EFFLUENTS. 
INnDoL. Taser. ~ 
18 Samples. 
3 samples (about 17 per cent.) 100,000 (+ ‘00001 c.c.) 


4 samples (about 22 per cent.) 10,000 (+ 0001 cc.) 
8 samples (about 44 per cent.) 1,000 (+ ‘001 cc.) 
1 sample (about 5 per cent.) 10° (e Tee) 
1 sample (about 5 per cent.) negative 45 c.c. 
1 sample (about 5 per cent.) negative ,pg9 ©. 


6225.—App. IV. 3A2 


= 


364 APPENDIX : 
seguro erent 
These results may be shown in a diagram (each dot represents one per cent. of the 
samples) as follows: 
Indol Test. 
100,000 @@@@e@@CeCCCCCRCC® about 17 per cent. 
10,000 @@@OOOOOOOSOSOOOOSOOOC® about 22 per cent. 
about 44 per cent. @@@eeee 
1,000 ©@© 0000000000 0000000000006000000000008 
100 7 
10 @@@@@ about 5 per cent. 


About 5 per cent. negative zz cc. 
About 5 per cent. negative gyp CC. 


MANCHESTER BED EFFLUENTS. 
B. ENTERITIDIS SPOROGENES TEST, * 
23 Samples. 


2 samples (about 8 per cent.) 100 (+ ‘01 cc.) 
17 samples (about 74 per cent.) 10 (+ ‘1 ce.) 
3 samples (about 13 per cent. 1 (4+ ‘1 ec.) 
1 sample (about 4 per cent.) negative 1 cc. 


These results may be shown in a diagram (each dot represents one per cent. of the 
samples) as follows :— 
_B, Enteritidis Sporogenes Test. 
100 @@@@@@@@ about 8 per cent. , 
about 74 per cent. ©O000O00868OOO8OOOOOCO8O0 
10 ©00000000000 008 009S00680098080O00H9088H869009H8H888W 


1 See@@0cCcCee0e0@ about 13 per cent. 
About 4 per cent. negative 1 cc. 


MANCHESTER BED EFFLUENTS. 
NeutraL Rep Brots TEst. 
8 Samples. 


4 samples (about 50 per cent.) 10,000 (4+ ‘000i c.c.) 
3 samples (about 37 per cent.) 1,000 (4+ ‘001 cc.) 
1 sample (about 12 per cent.) 100 (4+ ‘01 cc.) 


These results may be shown in a diagram (each dot represents one per cent. of the 


samples) as follows :— 
about 50 per cent. @@@®@ 


10,000 @©@@ 000000000090 888OOSSOO98GO8SSOO8HSH09SHECO8S 
1,000 ©@00000000000000000065000000800000088 about 37 per cent. 
100 @@@@Ce@e0eee@e@0@ about 12 per cent. 


TotaL NUMBER OF BACTERIA PER C.C. 


Gelatine at 20° C. ‘Agar at 37° C. 
584,125 ; 61,525 


Most of the foregoing results may be shown in one diagram for comparative purposes. 
(See Diagram L. VL.) 





* These samples of éffluent, for some reason or other, appeared to yield specially good results with the 
B. enteritidis sporogenes as compared with other tests, 
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Ducat Continuous Fitter EFFLUENTS. 
Bile-Salt Glucose Peptone Test. 
27 Samples. 


11 samples (about 40 per cent.) 10,000 (+ ‘0001 c.c.) 
12 samples (about 44 per cent.) 1,000 (+ ‘001 cc.) 
4 samples (about 15 per cent.) 100(+ ‘01 cc.) t 


The results may be shown in a diagram (each dot represents one per cent. of the samples) as 
follows :— ; 
Bile-Salt Glucose Peptone Test. 


10,000 ©0000 00000000000000000000600000000080008 About 40 per cent. 
1,000 B@COCOOOOOOCHOOOOOO00080CTHSOOOCOOCHOOOCHOOH About 44 
' per cent. 
100 @@@@SSCSoSSC SSeS 2bout 15 per cent. 
Ducar Continuous Fitter EFFLUENTS. 
Lactose Perrone MILK TEST 
15 Samples. 


3 samples (about 20 per cent.) 10,000 (+ ‘0001 cc.) 
8 samples (about 53 per cent.) 1,000 (4+ ‘001 cc.) 
4 samples (about 27 per cent.) 100 (4+ ‘O01 cc.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) as: 
follows :— 
Lactose Peptone Milk Test. 


10,000 @@@@@CCCCCCCOCOOOOOE 2)0Ut 20 per cent. 
about 53 per cent. @@® 
1,000 @@ CO OOOCOOOOOOOOOOOOSSOO8O8ODOOHCOOOOOOOOOO8CEESES 
100 20000020080 0600098000800080068 about 27 per cent. 


Ducat Continuous FILTER EFFLUEN'S. 
B. Corr TEst. 
Qi Samples. 
1 sample (about 5 per cent.) 100,000 (+ ‘Ov001 c.c.) 
5 samples (about 23 per cent.) 10,000 (+ ‘0001 «.c.) 


11 samples (about 52 per cent.) 1,000 (+ 001 cc.) 
4 samples (about 19 per cent.) 100 (+ ‘OI e-c:) 


These results may be shown in a diagram (each dot represents one per cent. of the samples)- 
as follows :— 
B. Coh Test. 


100,000 @@e@e@e@ about 5 per cent. 

10,000 @@@CCOCOSCEGCCSEC CCC, 20Ut 23 per cent. 
} about 52 per cent. @@@@@ 
1,000 @©8©0000008 0060600000060 808090808S00000800980008 
100 @eeececeeCCcesoCsceeeese about 19 per cent. 


As regards the biological attributes of the B. coli or coli-like microbes isolated from the various 


Ake it is to be noted that about 81 per cent. were, on the basis of the tests employed, typical 
. coli, 


Ducat Continuous Fitter Erriuents. 
Inpot TEsT, 
22 Samples. 


8 samples (about 36 per cent.) 10,000 (+ -0001 c.c.) 
9 samples (about 41 per cent.) 1,000 ( + ‘C01 ec.) 
5 samples (about 22 per cent.) 100(+ ‘01 cc) 


i 


See APPENDIX: 
EE ee eee 


These results may be shown in a diagram (each dot: represents one per cent. of the samples) 
as follows :— 


Indol Test. 
10,000 COCOCCOOCOSOOOOCCCLOCCOOCCLOOEOOECOO About 36 per cent. 
1,000 ©990009 0000080 00000008000000000000088C000 about 41 


per cent. 
100 C0C@CCCCCROCCCSLOOwwWLO® about 22 per cent. 


Ducat Continuous FILTER EFFLUENTs. 
B. ENTER1ITIDIS SporoGENES TEsT.* 
46 Samples, 


1 sample (about 2 per cent.) 1,000 (+. ‘001 c.c.) 
23 samples (about 50 per cent.) 100 (FE Olea) 
22 samples (about 48 per cent.) 10 (+ <1 Gey 


These results may be shown in a diagram (each dot represents 1 per cent. of the samples) 
as follows :— 


B. Enteritidis Sporogenes Test. 
1,000 @@ about 2 per cent. 


about 50. per cent. 
100 0008000000 0000000000090000000000000000000000020SC8 

about 48 per cent, 
10 ©0060 000000000000000030000000000000000000000000Ce 


“Gas” Test (gas in gelatine “shake” cultures within 24 hours at 20° C.) 
Usually the result was positive with 1 c.c., but negative with ‘1 ¢.c. within 24 hours at 20? C, 


Ducat Continuous Finter Erryvents. 
Nevutrat Rep Broru Test. 
24 Samples. 


1 sample (about 4 per cent.) 100,000 (+ -00001 cc.) 
8 samples (about 33 per cent.) 10,000 (+ 0001 C.¢.) 
13 samples (about 54 per cent.) 1,000 (+ ‘001 cc.) 
2 samples (about 8 per cent.) 100 (+ ‘O1 c.c.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) as 
follows :— | : 


. Neutral Red Broth Test. 
100,000 @@@@ about 4 per cent. 
10,000 SCC SSCCOCOOOOCOCOOOOOCCCORORCORORS 2bo”t 33 per cent. 
about 54 per cent. @@@@0 


1000 @@000000000000000000000800000000809000900880000008 
100 @©©00@@@®@ about 8 per cent. 


Toran NuMBER OF BACTERIA PER ©. 
Gelatine at 20° C, Agar at 37° C, 
1,750,000 123,740 


Most of the foregoing results may be given in one diagram for comparative purposes, 
(See Diagram L, VII.) 


a 


* The effluents, for some reason or other, appeer:d to be less satisfactory as judged by this test than the results 
of the other tests might have led the observer to anticipate. 
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CaMERON Bep EFFLUENTS 
Bile-Salt Glucose Peptone Test. 
15 Samples. 


1 sample (about 7 per cent.) 100,000 (+ 00001 c.c.) 


13 samples (about 86 per cent.) 10,000 (+ 0001 ¢.¢.) 
1 sample (about 7 per cent.) 1,000 (+ ‘001 CH) 


Sef These results may be shown in a diagram (each dot represents one per cent. of the samples) as 
ollows :— : 


Bile-Salt Glucose Peptone Test. 
100,000 @ee@@ee@e about 7 per cent. 
about 86 per cent. @@00©©€2090600000600000056600600000000 
10,000 @0000000000000000000000800000000000008000000080008 


1,000 @@@@@@®@ about 7 per cent. 


CAMERON BED EFFLUENTS. 
LacrosE Perrone MILK TEST. 


6 Samples. 
6 samples (100 per cent.) 10,000 (4 ‘0001 cc.) 


B. Cour TEst. 
12 Samples. 


1 sample (about 8 per cent.) 100,000 (+ ‘00001 c.c.) 
6 samples (about 50 per cent.) 10,000 (+ ‘0001 e.c.) 
4 samples (about 33 per cent.) 1,000 (+ ‘001 cc.) 
lsample (about 8 per cent.) 100 (+ ‘O01 c.c.) 


These results may be shown in a diagram (each dot represents one per cent. of the samples)'a3 
follows :— 
B. Coli Test. 


109,000 @@@@@@@@ about 8 per cent. 
about 50 per cent, @@006@ 


10,000 @@@SSOOOOSSOSOO SOOO SOSOOSOSSSHOOHHOOOSSOCOOOE 
1,000 @©00000000000000000000008000000008 about 33 per cent. 


100 @@@@@0@@ about 8 per cent. 
As regards the biological attributes of the B. coli or coli-like microbes isolated from the various 


samples, about 58 per cent. were, on the basis of the tests employed, typical B. coli. 


CAMERON BED EFFLUENTS. 
Inpout Test, 
(13 Samples.) 


2 samples (about 15 per cent.) 100,000 (+ -00001 c.c.) 
9 samples (about 69 per cent.) 10,000 (+ ‘0001 ec.) 
2 samples (about 15 per cent.) 1,000(+ ‘001 ac.) 
These results may be shown in a diagram (each dot represents one per cent. of the samples) 


as follows :— 
Indol ‘Test. 


100,000 e@qeeeeeeeeeceeoe 2bout 15 per cent. 
about 69 per cent. ©@@O6OCOOSOO6OC888E9 


10,000 ©0006 000060000 08000098S080909 00966080 0560000000008 
1,000 @seeeeeoeoeceese about 15 per cent. 


lk 
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CAMERON BED EFFLUENTS. 
B. EnreErRITIDIS SPOROGENES TEST. 
22 Samples. 


6 samples (about 27 per cent.) 100 (+ ‘01 cc.) 
13 samples (about 59 per cent.) 10 (+ ‘1 cc.) 
3 samples (about 14 per cent.) I(4+ 1 cc) 


These results may be shown im a diagram (each dot represents one per cent. of the samples) 
as follows :— 


B. Enteritidis Sporogenes Test. 
100 @@@OOCOOOOOOOOOOOOOSOOOSSESO about 27 per cent. 
about 59 per cent. ©©80 08000808000 
10 @9OOOOOO8OOOOG8886OGSOOOHHOHOOOOCOCOOOOCOOOCOe 
1 SeQe@CCCCCCOOCOESE About 14 per cent. 


“Gas” Test (gas in gelatine “shake” cultures within 24 hours at 20° C.). 
Usually the result was + “1; —01 cc. (24 hours at 20° C.). 


CAMERON BED EFFLUENTS. 
NeEutTrRAL Rep Brotu TEst. 
14 Samples. 


3 samples (about 21 per cent.) 100,000 (+ ‘00001 c.c.) 
9 samples (about 64 per cent.) 10,000 (+ 0001 cc.) 
lsample (about 7 per cent.) 1,000 (+ ‘001 ¢.c.) 
1 sample (about 7 per cent.) 100 (+ ec!) 


These results may be shown in a diagram (each dot represents one per cent. of the samples) as 
follows :— 


Neutral Red Broth Tests. 
100,000 @@@@GCCOOCOCSOOCCECESCOS about 21 per cent. . 
about 64 per cent. @@@@C08668O886008 


10,000 ©00000000000000000000000000000000000000000000000 
1,000 @@@@@@@ about 7 per cent. 
100 @@@@@@6 about 7 per cent. 


TotaL NUMBER oF MICROBES PER C.C. 


Gelatine at 20° C. Agar at 37° C. 
3,733,333 102,666 


Most of the foregoing results may be shown in one diagram for comparative purposes (see 
Diagram L. VIII). 


WHITTAKER Bep EFFLUENTS. 


Bile-Salt Glucose Peptone Test. 


i 





100. 1,000. | 10,000. 
Before filtration - 2 : S x 5 s.* 98. 108. 
(20 per cent.) (37 per cent.) (42 per cent.) 
After filtration - - . ae 5s. 938. 1s. 
(33 per cent.) (60 per cent.) (7 per cent.) 
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These results may be shown in a diagram as follows :— 


Bile-Salt Glucose Peptone Test. 
42 per cent. 


*10,000 
+++ 4+ +4 +4 7 per cent. 


Rete Uke Me Pein eo wei cn vie we «vic ve OT per cent: 
1,000 60 per cent. 


FEE EE EEE EEE EEE EE EE EEE EEE EE EE EEE FEET EEEFE TE EEEE EEE EEE Ht ttt tt 


33 per cent. 
+ + + 


SMe sar 8 eee sy (es aie sbi oo we. 20) poricent, 
100 
CS SR 0 a ee ee Se Se Se Soe Se” Sa Se Se Soe Se 


WHITTAKER Bep EFFLUENTS. 
Lactose PEproneE MILK TEsT. 





100. 1,000. 10,000. 100,000. 
Before filtration  - - 4s. 78. 38. 28. 
(25 per cent.) (44 per cent.) (19 per cent.) (12 per cent.) 
After filtration - - 2 8, 4s, 2s. —— 
(25 per cent.) (50 per cent.) (25 per cent.) 


These results may be shown in a diagram, as follows :— 
Lactose Peptone Milk Test. 


Meise 6 6 ee ss 1 2-percent. 
*100,000 


Meee seis desis aes. « — 19: per cent, 
10,000 


Htt+ttettt+tettette+ttetettett 25 per cent. 


eeeeeoeveeveeeeeeseeeeveeeeeeeeeseeeeeeeeeeeeee eee 6 @ 44 per cent. 
1,000 


eee toe eet etree ett e tte t et ettett++e+ett+teees+ 50 per cent. 


25 per cent. 


100 


PEt ttegeeteeeeeteteeeet+s++ = «25 per cent. 


WHITTAKER Bep EFFLUENTS. 


B. Cou TEst. 
100 1,000 10,000 100,000 Negative 
1000 ©.C 
Before filtration = - : - 28. 10 s. 1 ls. 


48. Ss. 
(11 per cent.) | (55 per cent.) | (22 per cent.) | (5 per cent.) | (5 per cent.) 


After filtration - - - - rae 5 3. 48, 
(18 ped cent.) | (45 per cent.) | (36 per cent.) 








These results may be shown in a diagram, as follows :— 


B. Coli Test. 
pee aes Oo. per cont. 
*100,000 
ena -¢ e 6 ® © @ oeeee ee Le e o @ e 6 vg per cent. 
10,000 
HEH ee Ht teeeteetetettetttetetetrteteetetetettteest 36 per cent. 
55 per 
a ig he cehvs come cent. 
Pee te ttt e ee eee ee ote Pee tee eee et tee eee e+? | 2D per cent. 


* . = before filtration, + = after filtration. Each sign = one per cent. of the samples. 
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eee 


eee ere ars Sot 11 per cent. 
100 
ae eae Se ee eee 18 per cent. 


[5 per cent. of the samples before filtration yielded a negative result with yo'y¢ ¢.¢.] 


As regards the biological attributes of the B. coli or coli-like microbes isolated from the various 
samples, about 71 per cent. were, on the basis of the tests employed, typical B. coli. 


WHITTAKER BED EFFLUENTS. 








InpDoL TEST. 
100 1,000. 10,000. 
Before filtration - + - - 6 8. 4s. 88. 
: (33 per cent.) (22 per cent.) (44 per cent.) 
After filtration - - - - - 58. 28. 4s. 
(45 per cent.) (18 per cent.) (36 per cent.) 


eee 


These results may be shown in a diagram, as follows :— 


Indol Test. 
per 
e e e e . ° e e e e s e e e e e-s e e J e e e e e e e e e ° e ° e e . e he e ° a ce o ° 4,4, cent. 
*10,000 
lL eaeeeaeaa ee + 7s ee OS ort 4 cee 36 per cent. 
PR ae tae be ieee te Cat ee et ke yO PON COR Ws ec OO 22 per cent. 
1,000 
tettgtteteteteteetetetet 18 per cent. 
re ren AR as Gc ee 
100 | per 
L aE EEE EEE ET EHTS EE ESS TTT Et it at Fee 45 cent 


WHITTAKER BED EFFLUENTS. 


B. Enreritipis SporoGeNnes TEST. 




















| esa 10. 100. Negative py cc, 
Before filtration - - 1s. 13a 29 s. 1s. 
(2 percent.) - (29 per cent.) (66 per cent.) (2 per cent.) 
After filtration - - 12 8. 17 8. 3 8. Se 
(37 per cent.) (53 per cent.) (9 per cent.) 


These results may be shown in a diagram as follows :— 


B. Enteritidis Sporogenes Test. 

66. per cent. _ 

10 ee crac —eeWlleh eat «a ee ale 
t+eettett+ 9 per cent. 


Pe er RO pis tay SA 
of 


53 per cent 
EEEEEEEEEEEREFEFE EEF E FEED ETT EE Het ttt t+ ttt 11 


.. 2 per cent. 
1 


ore to : | 37 per cent. 
teehee eeeeerneet tet tH. '+ + + + 4 49+ +) Fe 


(2 per cent. of the samples before filtration yielded a negative result with #5 ¢.c.] 
“Gas” Test (gas in gelatine “shake” cultures within 24 hours at 20° C.).: 


Before filtration - - Varied from + 1 to + ‘1 ce. 
After filtration. - - With one exception + 1; = ‘lcc. 








* | = before filtration. + = after filtration. Each sign = one per cent. of the samples. 
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WHITTAKER BED EFFLUENTS. 


NeEvutTRAL RED Broru TEst. 


100. 1,000 10,000 100,009 
Before filtration - - 3 8. 8s. Els. Vx 

(13 per cent.) (35 per cent.) ' (48 per cent.) (4 per cent.) 
After filtration . - 2s. 4s. 18. — 

(28 per cent.) (57 per cent.) (14 per cent.) 


These results may be shown in a diagram as follows :— 


Neutral red broth test. 


cee s © por cant, 


48 per cent. 


$+¢teeeeete t+ +++ (14 per cent. 


eeete*eeceseespeoeees ee e8e8*eg7e @e @eeeee ee @ 35 per cent. 


HHHEEFFHEEFEFE FEET EEE E EEE EEE HEH tet e test teste eette tet ttt+ett++ 57 per cent. 


DEH ol choles fetielisi of s fad) per cenk, 
100 


SEE te Het ee eee ee eet ee ese et +4 44/28 percent. 


Tota NuMBER OF BACTERIA PER C.C. (AGAR AT 37° C.). 


Before filtration - - - - - - - - - 101,000 
After filtration - - - - - - my ioe - . 38,272 


In conclusion, it is desirable to give three diagrams showing the general results :— 
(a) Inclusive of all the samples. (Diagram LIX.) 
(b) Exclusive of the filtered effluents. (Diagram L.X.) 
(c) Exclusive of the effluents before filtration. (Diagram J..XT.) 





*, = before filtration. + = after filtration. Each sign = one per cent. of the samples. 
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UE EE IEEE SEEN 


GENERAL REMARKS 


A comparison of Diagram L.I. with L.IT. will make it clear that the septic tank 


liquors were purer (bacteriologically) than the raw or screened sewage. 


A comparison of Diagrams L.I and L.IT with Diagrams L.III, LIV, L.V, 
LVI, LVII, LVIII, LIX, L.X, and L.XI. show that considered bacteri- 
ologically the effluents from the various processes were purer than the tank liquors, 


and much purer than the raw sewage. 


On the whole, the Ducat and Whittaker bed effluents were purer (bacteri- 
ologically) than the Cameron, Manchester (No. 2 secondary large bed), and New Leeds 
filter effluents. But the Ducat and Whittaker bed effluents yielded less satisfactory 
results with the B. enteritidis sporogenes test than with other tests. | 

It is to be noted that settlement and rapid filtration through fine material 
greatly improved the quality of the Whittaker and New Leeds effluents (compare 
Diagrams L.IV and L.V and Diagrams L.X and L.XI). The beneficial effect 
of this extra process of treatment seemed to be specially well marked as regards 


removal of the spores of B. enteritidis sporogenes. 


From the point of view of percentage purification, the effluents were, generally | 
speaking, very good, but they could not, I think, be regarded as satisfactory, if 


considered in relation to their fitness for discharge into drinking-water streams. 


ROYAL COMMISSION ON SEWAGE DISPOSAL 373 
III Ee 


ADDENDUM A 


ANALYSIS OF THE BrIoLoGicAL ATTRIBUTES OF THE B. CoLlI oR COLI-LIKE MICROBES ISOLATED 


FROM THE VARIOUS SAMPLES OF SEWAGE, TANK Liquor, AND ErrLuENT AT LEEDS. 


Inasmuch as Leeds sewage is not purely domestic in character, but contains a considerable 
proportion of trade refuse, it 1s especially important to note very briefly the biological characters 
of the B. coli or coli-like microbes isolated from the various samples. 


Total number of B. coli or gas-forming coli-like microbes, 158. 
Of these, 105 (about 66 per cent.) produced indol and clotted milk; 
23 (about 14 per cent.) produced neither indol in broth culture nor clot in milk culture ; 
20 (about 12 per cent.) clotted milk, but did not produce indol; 


10 (about 6 per cent.) produced indol, but did not clot milk. 


The percentage number of coli-like microbes producing both indol in broth culture and clot 
in milk culture is low in comparison with the number of B. coli, which, found in purely domestic 
sewage and in normal human feces, yield a positive result with both these tests. It might be 
contended, with some show of reason, that a given number of coli-like microbes in a Leeds ettluent 
has not quite the same significance as a similar number occurring in the effluent derived from a 
purely domestic sewage. Further, that as regards each town the average number of coli-like 
microbes per unit of sewage or effluent should be not only determined, but also the percentage 
number of typical B. coli, and the results interpreted accordingly. But how best to correlate total 
abundance of coli-like microbes with the percentage number found to be typical B. coli is another 
matter. Reverting to the particular case of Leeds, it needs to be remembered that it is not a 
question of a relative scarcity of typical B. coli, but only that the prepartion of typical to 
atypical B. coli was not found to be quite the same as occurs in purely domestic sewage or in 
normal human feces. 


Perhaps this matter will be best understood by an illustration :— 


Sewage contains about 100,000 B. coli or coli-like microbes per c.c. Hence, if a surface 
gelatine or agar plate be made with y,45 ¢.c. of sewage, about 100 colonies of B. coli or coli-like 
microbes will develop on the plate. Now, if all these 100 colonies were subjected to further 
subcultural tests, a majority would be found to be typical B. coli, and a minority atypical coli-like 
microbes. But if the sewage were a purely domestic sewage, more would be found to be 
typical and fewer atypical than if the sewage contained much trade refuse (eg. Leeds and 
Manchester sewage). 


It is worth noting that the results afford no indication that artificial processes of sewage: 
disposal reduce the proportion of typical to non-typical B. coli, although they certainly reduce 
the total number of B. coli of all sorts. Thus, the percentage number of typical B. coli, 
on the basis of the tests employed, in the crude sewage, septic tank liquor, New Leeds filter 
effluents, Manchester Bed effluents, Ducat filter effluents, Cameron Bed effluents, and Whittaker 
filter effluents was 62, 61, 67, 62, 81, 58, and 71 per cent. respectively. 





a 


Time of Collection. 


Hour. 


2.39 p.m. 


1.20 p.m. 


2p.m. 


2.50 p.m. 





Day. 


21 


Description of the Sample. 
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1 3 4 


ei - the strain of B. 
B.S.=— Bile Salt Glucose Pepto: Number of B. Coli (or closely present in the 
Test (+ = acid eds @ <3 _ allied forms) in 1 c.c. number ie fled in 
L.P.M.=Lactose Peptone Milk | (Primary broth cultures (48 hours se 


Test (+ = acid gas and clot). 37° C.) and subsequent surface . 







Gas. |Indol. (a) Acidity, 






















gelative plate method.) pan Sf (b) Clot. 
ede bes 
aa ie (Litmusmilk 
2 a5] B® | cultures, 5 
10 | 100} 1,000} 10,000} 100,000} 1 | 10 | 100] 1,000} 10,000) 100,000) se og days at 
A Bee SN fl Peel Palate amelie Sale Rese Pals eS 2c £88 a ©. 
FA Ff “01 | -001 | -0002 | *00001} 1 | 1] -O1] -001] -0001 | -o0001 |3 8 | 3 a Ae ; 
c.c.} c.c.} c.c.] c.c.] ec | c.c. | c.c.| c.e.] c.c.| c.c. | c. cats 3 
g = c.c e c. |c.c.| ce.| c.c.] cc. | ce. | ec oe az @ | ® 





B.S. 
4 1902 | Leeds Precipitation Effluent .. + 
L.P.M 
B.S. 
1904 | Leeds Precipitation Effluent .. + + + _ + 4 
L.P.M 
B.S. 
7 1904 | Leeds Precipitation Effuent .. + + + + + + 
| L.P.M. 
B.S. 
7 1904 | Leeds Precipitation Effluent .. + + + = + — 
L.P.M 
’ B.S. 
7 | 1904 | Leeds Precipitation Effuent .. + + + + + | + 
L.P.M 
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SUM §bB. 


OF THE LEEDS PRECIPITATION EFFLUENT. 










7 8 
B. Enteritidis Sporogenes Test. 
Indol Test. Spores of B. enteritidis sporogenes Neutral-red Broth Test. 
Indol in broth cultures direct (Klein’s “ enteritidis change” in anzerobic Gre-nish-yellow fluorescence, 48 hours 
(5 days at 37° C). milk cultures). at 37° C. 
Cultures heated to 80° C. for 10 minutes. REMARK, 











1 10 100 | 1,000 | 10,000 | 100,000 





10 100 | 1,000 | 10,000 | 100,000 




















| ‘01 | vor | -0001 | voor | 1 | 1 | -o1 | -o01 00001 
: . e.c. | 0.c. Gc. 4 c.c. c.c, [ce bn me i c.c. 
I a 








a 483 + = Sample 1 gave “gas” in gelatine “ shake ” 
culture with ‘001 c.c. in 24 hours at 
20° C. 
+ + — a 


+ mal + 
+ + 
| | 
+ 


+ 
+ 
| 


SSS 





i4 


i 
4 


—~ 














276 APPENDIX : 





DESCRIPTION OF MICRO-PHOTOGRAPHS. 


Puates I anp ILI. 


B. enteritides sporogenes test, showing Klein’s “B. enteritidis sporogenes changes” in 
anaerobic spore milk cultures, 


(+ indicates a positive ; — indicates a negative result with the tests.) 


PuaTeE I. 
Figure 1.—Sample No. 7—19th March, 1902. Leeds crude sewage: + yy, 1d9 and topo 6.3 — yodn0 CC. 


Figure 2.—Sample No. 31—19th March, 1902. Screened sewage for New Leeds filter: + yy, zy, and 
1000 ©C. 5, — 35$90 CC. 


Figure 3.—Sample No. 37—19th March, 1902. Screened sewage for Old Leeds filter: + yb, 749 and 
Toon Ce; — rodeo CC. 


Figure 4.—Sample No. 8—19th March, 1902. Septic tank liquor for Whittaker Bed: + fy c.c.; — ho; 
1000» ANd ro$oq CC. 


Puate II. 


Figure 5.—Sample No. 7—19th March, 1902. Effiuent from New Leeds filter: + 1, yy and Fig cc. ; 
—000 ©C. 


Figure 6.—Sample No. 8—19th March, 1902. Effluent from No. 2. Whittaker Bed: + 1, yh, and zy 
c.c. 5 = 000 c.C. 


Figure 7.—Sample No. 5—19th March, 1902. Effluent from Old Leeds filter: + 1, yy, and qhz cc. ; 
— i000 c.C. 


Puates III, IV, ann V. 
“Gas” test (“gas” in gelatine “shake” cultures, 24 hours at 20° C.). 


Puate IIT. 


Figure 8.—Sample No. 7—19th March, 1902. Leeds crude sewage: + 74 and yhg c.c.; — ogo and 
10d00 ©C. 


Figure 9.—Sample No. 31—19th March, 1902. Screened sewage for New Leeds filter: + 7 and ;h5 
C.C.; — 3955 and godsq0 Cc. 


PuatE IV. 
Figure 10.—Sample No. 37—19th March, 1902. Screened sewage for Old Leeds filter: + yy and 45 


aC Co ar 000 and Tos08 C.C. 


Figure XI.—Sample No. 8--19th March, 1902. Septic tank liquor for Whittaker Bed: + py ©.¢. 5 
—1b0» tooo And yodq0 ©.¢. 


PLATE V. ) 
Figure 12.—Sample No. 7—19th March, 1902 Ktiiuent from New Leeds filter: 4 1 and yy cc. ; 


— 1h and iwoT c.c. 


Figure 13.—Sample No. 8—19th March, 1902, Effluent from No. 2, Whittaker Bed: + 1 cc.; — 


BT 
1 
roo and zy55 cc. 


Figure 14.—Sample No. 5—19th March, 1902, Effluent from Old Leeds filter: + 1 and j; cc. 3 — 1p and 
1 
100 CC, 
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MANCHESTER, 


RESULTS OF THE BACTERIOLOGICAL EXAMINATION(: 
OF 


RAW AND SETTLED SEWAGE. 
SEPTIC TANK LIQUOR. 
CHEMICALLY PRECIPITATED SEWAGE. 


EFFLUENTS FROM MATURE HALF-ACRE PRIMARY CONTACT 
BEDS. 


EFFLUENTS FROM NEW (NOT MATURE) HALF-ACRE PRIMARY 
CONTACT BEDS. 


EFFLUENTS FROM EXPERIMENTAL PRIMARY BEDS A, B, & C. 
EFFLUENTS FROM EXPERIMENTAL SECONDARY BED D. 
EFFLUENTS FROM THE STODDART FILTER. 


EFFLUENTS FROM ROSCOE COKE AND CINDER FILTERS, 
DUNBAR FILTER, &c. 


EFFLUENTS FROM STORM BEDS. 


CONTENTS. 


GENERAL TABLE OF RESULTS. 


SUMMARY OF RESULTS UNDER :— 


_ L.—Raw and Settled Sewage. VII.—Effluents from Experimental 
II.—Septic Tank Liquor. Secondary Bed D. 
III.—Chemically Precipitated Sewage. VIIL—Effluents from the Stoddart 
TV.—Effluents from Mature Primary Filter. 
Contact Half-Acre Beds. IX.—Effiuents from the Roscoe Coke 
V.—Effluents from New (not Mature) and Cinder Filters, Dunbar 
Primary Contact Half-Acre Beds. Filter, &c. 
ViI.—Effiuents from Experimental Pri- X.—Effluents from the Storm Beds. 


mary Beds A, B, & C. 





GENERAL REMARKS. 


ADDENDUM.—Table showing Rainfall in Manchester in connection with the 
time at which Samples were collected. | 


A. C. HOUSTON. 
May, 1905. 
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aa ROYAL COMMISSION ON 
RESULTS OF THE BACTERIOLOGICAL 
Atha: Bia | 
aracters 0 e j 
DESCRIPTION OF THE SAMPLE, | ZolslNumbmof | Numba: cf, Co (oneeeyy | recent tal 
number specified 
in Col. 3. 
Timelot Collection. | 1 | 10 | 100 | 1,000! 10,000! 100,000 gee ag 5 3 
: — ; Gelatine | Agarat |——--——-——-|——-|-_—_ -| $82lS an Sees 
mee (eflg| SS eee 
O}A| & | Sas} Palas 
1 5.15 p.m.}i0} 3]1902| Manchester 8,600,000} 2,000,000 +. + = 
Raw Sewage 
2 {3.15 p.m 53 do. do. - | 12,000,000) 1,700,000 + + - -~|- 
3 | 9.10 a.m.}14 A do. do. 1,100,000 32,600 =e ay - + 
4 |t0.35 a.m.{i9} 3] _,, do. do. 1,000,000} 160,000} .. | ... | .. | + 3 ee ee 
5 |4.30-5 p.m. os do. do. 500,006 40,006 4- - - Je 
6 | 9.45--10.15}29] 4] ,, do. do. 540,000] 87,000 +) >) 
7 | 930-10 4 do. do. 20,000) 43-0007 Man. Spek es + + a 
g (1.30 p.m 2 ‘ do. ae 7,000,000} 1,100,000 Ales + | 
9 | 4pm. : do. do. 3,300,000} 410,000 + | “4 4 Se 
10 | 4pm. ; do do 1,500,000] 250,000 + | + | + | eae 
ll 4 p.m. 3 do. do. 4,800,000] 1,300,000 oe ae = 4 + 
12 | 3.15-3.30 a do. do. 29,000,000] 2,700,000 + | +) 59) 4 
13 148-5 p.m 4 do. do. 9,300,000] $60,000 & + = ¥ 
14 |3-3.15 p.m: i do. do 14,000,000] 2,900,000 + See eae — 
15 | 3.30 p.m. | essa! A 9,400,006} £700,000) So Pec. |e b= | ee a 
16 | 3.30 p.m. ‘ ae: do. | 17,000,000] 2,100,000] ... |... | .. | + i || oe 
17. | 4.30 p.m. q do. do. 18,000,00¢| 6,500,000 4. eee tera 
18 | 3.15 p.m. “ do. do. 18,000,000] 2,400,000 + | - | + 
19 {12.30 p.m. 3 do. do. 4,600,000] 1,700,000 + + = | 4 . 
20 44.45 p.m. s do. do. 7,100,0 a7 + 1 + oho 
2) 4 p.m. ¥ do. do. 19,000,000] 5,900,000 + Bue a “e 
22° |} 4.15-4.30 3 do. do. 10,000,000} 8,500,000 + ts ae 
93 | 4.50 p.m. | Z do. do. 4,600,000} 1,100,000 Pee ia ee 
24 a : 
25 ae 
26 #. 
27 = 
28 the 
29 | 4.30 p.m. do. do. 32,000,006} 13,000,000}... fase twee fl ana | ee 4) EP ig Regen ee 
30 | 12.0 noon}: o do. do. | 10,000,906] 1,800,000 Es ata Bo 
31 75.0 p.m. |: | 7,000, 000 + + aay ee 
32 | 5.30 p.m. | 9,000,000 + + - + 
33 | 4.30 p.m. L O00; 000) sacar ctie esau oscil aoe oi oP =f? a 4 
34 | 5.0 p.m. F do. ao.” “18/000, 000) °3,100;0001°* sh eh Se | | $4 ae ee 
BD 20. Ole poi. rr do. do. 18;000,000] 2;000;000) “of sen |) eee Sen naan = ae - + 
36 a 330,006 + a ee 
of) ft Sal0- pana 7 - do. do. 13,000,00C} 2,900,000) ... | ... can Sei ies 4- + — {Alk 
38 | 5.0 p.m. ¥ do. do. £1,000, 0008 41,700,000) inv d* venir secle, seca, ae + | 4 1 ie 
39 |3.0 pm.) ~ do. do. 4,600,000] 250,000 = ae 
40 pine a do. M0, $1,000,000)", 000;000) ie]! aid OL ase fe + + | =) 
2. mM. ee | 
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MINATION OF MANCHESTER SEWAGE. 
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B. ENTERITIDIS SPOROGENESTEST. 
Inpou TEsT, 
5 Spores of B. enteritidis sporogenes 
Indo] in broth cultures direct (Klein's “enteritidis change” in 
(5 days at 37° C.) anerobic milk cultures). Cultures 
heated to 80° C. for 10 minutes. 








| 10 | 100} 1,006) 10,000} 100,000} 1 | 10 | 100 | 1,000) 10,000} 100,000 
‘1 | 01 }:°001 | “0001 | 00001 | 1 | *1 | 01 | 001 | -0001 | -00001 
Bal Gee. |C.C.| Cc. | cc. COME CsGerl CrCe CG. Cr \C.Gell'C, Cs C.C. 
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OTHER TESTS. 


B. = Acid and gas, bile salt glucose 
peptone test. 
L. = Acid and gas lactose pepton 
test. 
N.R. = Greenish-yellow fluores- 
cence, neutral red broth test. 


1 | 10 | 100. 


1,000} 10,000! 100,000 





00001 
Cae 





001 


Teieribe gO) “0001 
GcG: 


COR COCR A a MEK OAC OS 


| 








160] 


REMARKS. 


Gas Test. 


Samples 25, 26, 27, 28 yielded 
results respectively as follows : 


24 hours. 
(25) + ‘001 e.c., —- ‘0001 c.c. 
(26) + ‘0001 c.c., — ‘00001 c.e. 
(27) + ‘001 e.c., — ‘0001 c.e, 
(28) 70liae., . = 2001 exc: 
48 hours. 
(25) +. -00001 e.e. 
(26) + ‘00001 c.e. 
(27) + ‘C0001 e.e¢. : 
(28) + 0001 c.c., — ‘00001 c.c. 


Litinus Milk Modified Test. 


Samples 24, 25, 26, 27, 28 yielded 
results as follows :— - 
(24) + 0001 c.c., — ‘00001 e.c. 
(25) + G0001 c.¢.,(26)+ “D0CO1 e.c. 
(27) + 00001 c.c., (28) + 00001 c.c. 
a 


Sample 29 gave a positive result 
with -Q0001 ¢.c. with the Litmus 
milk modified test. 


Sample 30 gave results as regards 
Gas test :— 


a) 24 hours, 
+Olec, _-—00lec. 


(6) 48 hours, 
+ ‘0001 c.c., — ‘00001Ic.e. 
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ROYAL COMMISSION ON 
RESULTS OF THE BACTERIOLOGICAL 



































































Averages per c.c. 
(inclusive of all the 
results). 



















10,036,666] 2,379, 625 





33 samples at 100,000 
9 samples at 10 000} per c.c. 
: samples at 1,000 











1 2 3 4 
Chief Biological 
Characters of Bsc 
] ber of Number of B. Coli (or closely strain of B. Coli 
imag Lee: allied forms) in 1 ¢.c. present in the 
DESCRIPTION OF THE SAMPLE. number specified 
in Col. 3. 
' © SG a ‘ s 
i ON ant 1 10 | 100 | 1,000)10,000; 100,000 See] sa. e 23. ‘ 
| Time of Collection. Gelatine Agar ai | 4 | _| 338 naked Ee be § 
; : t OG: 2] 90 |8 Seen 
; | pe eas pre ooc. | arc. | 1 | 4 | on | -oor| -0001 | 00001 “22 | Sea] *Osearm 
BO OE are | Ris] s | Ge. Pele, | Ge. 1) "6.6. “CG. ale Renee gas ee e583 "| | 
C) is 228 
Sealey 3 (a) | (0) } 
41 | 5.0 p.m. Manchester Raw 12,000,006) 2,400,000 a + +] + 
Sewage ; on 
42 | 4.45 p.m. do. do. 19,000,000} 3,800,000 4: 
43 | 4.30—5.0 [5 do. do. 1,300,000} 3,400,006 + 4 yaad or 
p.m. uf 
44 | 4.0 p.m, k do. do. 440, 00( uP a 
45 | 11.0 a.m. |26 do. do. 1,700,000 + _ + 
46 | 12.0 noon.|: do. do. 550,000 a — 
47 do. do: 1,500,00 300,000 us + 
48 | 3.45 p.m. do. do. 4,200,000 480,000 +f oR = + 
49 | 2.30—3.0 do. do. 3,000,000 + + No |reco/rds 
p.m. 
50 | 4.30 p.m. do. do. 2,100,000; 600,000 a = a. 
51 | 3.0 p.m. |i do. do. 11,000,000) 1,200,000 =i + = 
52 | 4.45 p.m. do. do. 10,000,000} . 790,006 + + No |reco|rds 
53 | 3.40 p.m. do. do. 3,300,000 + oe - = 
54 | 4.35 p.m. do. do. 2,700,000 + ts No |recolrds 
55 | 4.45 p.m. do. do, to 
56 do. do. 
ST | 3.80—4. 15/14 do. do. 
p.m. 
58 | 2.30—3.30)/20 do. do. 
p.m 
59 1 do, do. 
60 do. do. 
61 do. do. 
62 do. do. 
63 do. do. 
64 2,15—-4 do. do. 
p-m. 
65 do. do. 
66 3.30—4. do. do. 
p.m. 
67 | 4.30 p.m. do. do. 
OS el agers 3h AG: a. 
p.m. 
1 | 4.30 p.m. do, do. 
2 do. do. 
3 do. do. 
4 do. do. 
5 do, do. 
6 do. do. 





12 out of 45 produced 
both indol and clot. 
15 out of 45 produced 
neither indol nor clot. 
16 out of 45 produced 
clot but no indol, 

2 out of 45 produced 

indol but no clot. 


1 sample less than 1 000 per, c.c. 
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B.ENTERITIDIS SPOROGENES TEST. 
INDOL TEST. 
Spores of B. enteritidis sporogenes 
(Klein’s ‘‘ enteritidis change” in 
anverobie milk cultures, Cultures 
heated to 80° C. for 10 minutes. 


mdol in broth cultures direct 
(5 days at 37° C.) 























| 10 | 190 | 1,000) 10,600] 100,000] 1 | 10 | 100! 1,00¢| 10,00¢} «00001 
| 1 | 01 | -001/ -0001 | -00001| 1 | -t | -01| -001 | -0001 | 100,000) 
1C.C./C.C. | C.C. c.c. é.c. C26. 1 CcG. (Cee. | Cc, c.c. c.c. 





+ 
ye 
a 
oe a 
aac ie 
Bes .. 
oe a 
F 
4 
tf ms 
a 
ke Ae 
4 4 
- M. 
my = 
if tg 
x a 
A a 
+ 4 
ee ES 
a a 
a a 
+ = 
. Sir = 
a a 
Bs = 
+ = 
2 = 
a a 
samples at 100,000 
samples at 10,000 { per c.c. 16 samples + ‘Olc.c., — ‘O00le.c, 
samples at 1,000 


10 samples + ‘001c.c., — 0001c.c. |Bile Salt Glucose Peptone Test. 


Sl 
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OTHER TESTS. 


B.=Acid and gas, bile salt glucose 
peptone test. 


L.=Acid and gas, lactose peptone 


test. 
N.R.=Greenish-yellow fluores- 
cence neutral red broth test. REMARKS, 


Tis LO ui LOG 1,000 10,000 


| 


TU OT O0d 
C.€, | CC. ie Bini 


100,000 











00 


Cc. 


| ‘00001 
| €.C, 


| 
a O1 
nas 














NAA AR BE 
5 Gt ee eh BS eae 
Ba BS Ww 2S HB HR HH BH 


a a ta Uh Nee 


1A 


Gas Test. 


The samples tested varied 
between :— 


(a) Examined after 24 hours, 


Ae ele ile 


+ Ol crcl. = O01 ¢.c. 
+ ‘0001 ¢.c., — -00001 c.c. 





(6) Examined after 48 hours, 


+ 0001 c.c., — ‘00001 c..¢ 

11 samples at 100,000 + 00001 cc. ; 
9 samples at 10,000 
4 samples at 1,000 

Lactose Peptone Test. 

10 samples at 100,000) 
lsampleat 10,000/ Pees a 

Neutral Red Broth Test. 

23 samples at 100,000 

3 samples at. 10000} Pet hee 


\ 


pege B.C. 


Litmus Milk Modified Test. 


5 samples + ‘00001 c.c. 
1 sample + 0001 c.c., - 00001 e.¢, 
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Total Nunsber of 
Bacteria in | ¢.e. 








Time of Collection. | 








No. Other Details. 
Hour. 
1 | 5.15 p.m. Open Septic Tank 
Liquor. No. 1. 
2 | 9.10a.m. do. do. 
3 a LEO aan: do. do. 
4 {10.45 a.m. do. do. 
5 | 4.380-5.0 do. do. 
.m. 

6 |9.45-10.15 |2! do. do. 
a.m. 

7 | 9.380-10.0 do. do. 
a.m. 

8 4,30-5.0 do. do. 
p-m. 

9 | 4. Op.m. do. do. 
10 | 4. Op.m. do. do. 
ll | 4. Op.m. | do. do. 
12 | 3.15-3.30 do. do. 

p.m. . 
13 4.45-5.0 do, do. 
p.m. 
14 | 3.0-3.15 | do. do, 
p-m. 
15 | 8.30-8.45 do. do. 
a.m. 
16 | 3.30 p.m. do. do. 
17 | 3.30 p.m. do. do. 
18 | 3.15 p.m. do. do. 
19 {12.20 p.m. do. do. 
20 | 4.45 p.m. do. do. 
21 | 4. Op.m. do. do. 
22 | 4.15-4.30 do. do. 
p-m. 
23 | 5. Op.m. |: do. do. 
24 | 4.50 p.m. do. co. 
25 (79)| 4.40 p.m. do. do. 
26 (80 _ do. do. 
27 (81 ao do. do. 
28 (82) — do. do. 
20 (83) — do. do. 
30 (84)} 4.30 p m. do. do 
31 | 12 noon do. do 
-l p.m. 

3 5. Op.m. do. do. 
33 | 5.30 p.m. E do. do. 
34 | 4.30 p.m. de. do. 
35 | 5. 0 p.m. do. do. 
36.7) 6.0 pam. do. do. 
37 do. do. 
38 | 3.10p.m. do. do. 
39 | 5. Op.m. | do, do. 
40 | 2.40 p.m. | dc. do, 
4] 4,15—4.30 '12}11 do. do 

p-™. | 

42 | 4.45 p.m. j19]1]| ,, do. Co. 



























| 











Gelatine 
at 20° C. 


2,300,000 
230,000 
83,000 
410,000 
600,000 
680,000 
2,300,000 
2,600,000 
520,000 
880,000 
2,400,000 
3,300,000 
18,000,000 
12,000,000 
12,000,000 
5,100,000 
15,000,000 
3,700,000 
6,200,000 
11,000,000 
9,700,000 
15,000,000 
2,300,000 
7,600.000 


3,200,000 
10,000,000 
4,000,000 
4,200,000 
5,000,000 
2,300,000 
7,400,000 


3,200,000 
2,100,000 
2,100,000 
8,400,000 
5,000,000 


| 
| 
| 
| 


Agar at 
at 37° C. 


210,000 
28,000 
2,000 
74,000 
59,000 
100,000 
230,000 
450,000 
21,000 
28,000 
55,000 
720,000 
4,300,000 
2,300,000 
1,700,000 
860,000 

1 200,000 
760,000 | 
750,000 
1,800,000 
810,000 
1,900,000 
720,000 
2,300,000 


1,300,000 
2,800,000 
2,000,000 
1,300,000 
670,000 
100,000 











ROYAL COMMISSION ON 


Number of B. Coli (or closely 
allied forms) in 1 c.c. 
| 
1,000 10,000 | 100,000 


“00001 
C.c. 








770,000 |° . 


1,000,000 
290,000 
270,000 

60,000 
260,000 
1,300,000 









001 | -0001 
c.c. c.c. 
a 
ae 
oe 
ae 
oe 
ae 
ete 
ee 
A 
ate 
ae 


a ee ee ee ee ee ee 


+ 


a 








Gas. (Gelatine 
‘«shake” cultures, 


24 hrs. at 20° C.} 


Sec «2s: baad ee rr et eee Ore at ee gaia eh Sot ge ea ae ey Cee eer SS ee Se a oe a ere i se ee es 

Rae pk eee WY oh eee ne ee ney? gion Petter tel ad td Tel SAR ctS cee ge nee ah eR ogee a My 608 OR A 

gt eo eae nT ee Paes ere, i Sie ee ne Cale ey ie ae. Se ates ale ees PR sat AAI tee geo eae et Gees oe ea oe +8 
: : ; Cae eT ee Eee AEE: phe ts wi : b G+ ] 


RESULTS OF THE BACTERIOLOGICAL EXAMINATION 
; 


+ 









Chief Biological 
Characters of the 
strain of B. Coli 
present in the f 

number specified 
in Col. 3. 


5 days at 
87°C.) 
Clot. 
us milk cul- 
MEY 88 


( 
(0) 
(Litm 


Indol. (Broth cul- 
tures, 5 days at 


tures, 
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F MANCHESTER SEPTIC TANK LIQUOR. 
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INDOL TEST. 
Biadol in broth cultures direct 
(5 days at 37° C. 





z 
La 
l 10 | 100 | 1,000 10,000! 100,000 


—} ———_ | ——__| -——_- ——_-—_— 


1 |+1 | -01} -001 00001 
fo c.C,. | CG.c. | C.€. c.c, 








0001 
C.¢. 


fy i 
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2 x 
+ 
+ = 
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hie es 
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a M4 
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re z 
4 2 
re 
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ie 
4 
% 
4 
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+ i 
ir: > 
+ = 
ei aes 








B. ENTERITIDIS SPOROGENES TEST. 


Spores of B, enteritidis sporogenes 


(Klein’s “enteritidis change” in 
anzerobic milk cultures). 
heated to 80° C. for 10 minutes. 


Cultures 


OTHER TESTS. 


B. = Acid and gas, bile salt glucose 
peptone test. 
L. = Acid andgas lactose peptone 
test. 
N.R. = Greenish-yellow fluores- 
cence, neutral red broth test. 








1 | 10 | 100 /1,000|10,000|100,000 
1 | +1 | -01 | -001 | 0001 | 00001 
Gco, esc. 1 €.C. ) G.cs C..c: c.c. 














100,000 


‘00001 


c.c. 


1 | 10 | L00 | 1,000 |L0,0C0 


| 





Tae Leuk 
C.¢. | G.G. | 6c. 


0001 
Gxcs 


001 
CC: 





| 
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REMARKS. 


Gas Test. 


Samples 79, 80, 82, 83 gave results 
as follows :— 


24 hours. 


(79) + ‘leec., —Ol ce. 

(80) + 001 c.c., — ‘0001 c.c 
(82) + *Ole.c., — “001 ¢.c. 
(83) + ‘Ole.c. - ‘001 cc. 


48 hours. 


(79) No record 

(80) + ‘0001 ¢.c., — 00001 c.c. 
(81) + *001 c.c., 0001 e.c. 
(82) + 00] c.c., -- ‘0001 c.c. 


Litmus Milk Modified Test. 


Samples 79, 80, 81, 82, 83, gave 
results respectively as 


follows :— 
+ -O0001 e.c. 
+ ‘000lc¢.c., — ‘00001 c.c. 
+ ‘00001 c.c. 
+ 0091 ¢.c., — ‘O0001 c.c. 
+ ‘0001 ¢.c., - ‘00001 ¢.c. 


Sample 30 (84) gave a positive 
result with ‘0001 ¢ c. with the 
Litmus milk, modified test. 
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DESCRIPTION OF THE SAMPLE, 





Total Number of 
Bacteria in I ¢.c. 


























> om [ . 
Time of Collection. | 
No. | Other Details. Gelatine | Agar at 
Hour at 20° C. RY fae OF 
43 4.30-5.0 [21/1] Open Septic Tank | 12,000,000| 2,400,000 
mm. Liquor. No. 1. 
44 | 4. Op.m. do. do. 1,300,000 
45 | 11. Qa.m. do. do. 1,600,000 
46 do. do. 4,800,009 520,000 
AT } 3.45 p.m, |} 4 do. do. 11,000,000} 1,500,000 
48 |} 2.30-3. 0}8 do. do. 6,700,000} 270,000 
p.m. 
49 | 3.7 p.m. do. do. 2,600,000 80,000 
50 | 4.85 p.m. do. do. 4,100,000 560,000 
51 | 3.15-3.30119 Open Septic Tank } 3,900,000] 300,000 
p.m. Liquor. No.2 
52 | 4.45-4. 0/22 do. do, 6,300,000} 280,000 
53 3-3 15 do. do. 210,000 
p-m. 
54 | 3.30p.m do. do. 9,400,000] 1,500,000 
55 | 5. Op.m do. do. 18,000,000} 1,900,000 
56 | 4.35 p.m do. do. 11,000,000] 490,000 
57 4,5 p.m, do. do. 120,000 
58 | 3.35 p.m, do. do. 130,000 
59 Septic Tank Effluent 
60 Open Septic Tank 
Effluent. 
61 | 2.30 to do. do. 
4.15 p.m. 
62 2.30 to do. do. 
3.30 p.m. 
63 55 do. do. 
64 do. do. 
65 do. do. 
66 do. do. 
67 do. do. 
68 2.15 to do. do. 
4 p.m. 
69 on do. do. 
70 3.30 to do. do. 
4 p.m. 
71 | 4.30 p.m. do. do. 
12 3 to do. do. 
3.30 p.m. 
1 | 3.15 p.m. Closed Septic Tank {11,000,000 | 3,600,000 
(Cameron) Liquid. 
2 9.45 to do. do. 2,900,000 | 240,000 
10.15 a.m. 
3 | 3.25 p.m. do. do. 
4 12 noon. {¢ do. do. Ke 8,300,000 
(recently restarted), 
Averages per ¢.c. 
(inclusive of all 6,010,265 | 1 049,946 


samples). 








Number of B. Coli (or closely 
allied forms) in 1 c.c. 


4 


Chief Biological 
Characters of the 
strain of B. Coli 
present in the 
number specified | 




















in Col. 3. 
| | a 8S an m 
1 19 | 100 | 1,000 10,000/100,000, 3235/52 |. #2 
| eea | Ssa|e ac 
= a 2 SS A Se A, | a ri oR Big? By; Ae 
as ~~ gis “a 9 a Rt 
1 | ‘1 | -01 | -001} -0001 | -00001| .¢% | 82/4088 
ec. | ce} ec. |ce| ac | ce | @88 | Se" |eoue 
} Oa =O ae 
TN Ms = 
(a) | (0) | 
+ + —- | + 
‘- + - | + 
+ + - | +] - 
“ + - |+ 
+ + — |+]- 
- se a + + 
+ +° ] + | +] = 
~ + [+ 
+ - | + 
+ +] —- |+]- 
ee + = + os 
+ | - | +] +4 
+ + [+] - 
+ + —- |+1= 
~ + | - | +]- 
° + + - |+]- 
+ - f+] = 
+ - | + ]4 
~ + - | +] - 
33 samples at 100,000 11 out of 54 produced 
11 samples at 10,000 both indol and clot. 
8 samples at 1,000 per ¢.c. 22 out of 54 produced 


1 sample at 100 
l sample at 10 
2 samples less than 1,000 per c.c. 





neither indol nor clot. 


| 18 out of 54 produced 


clot but no indol. 
3 out of 54 produced 
indol but no clot. 


at 37° C.) 


+ + 
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5 6 7 8 
| B. ENTERITIDIS SPOROGENES T ust. ere: 
INDOL TEST. B=Acid and gas, bile salt glucose 
Spores of B. enteritidis sporogenes peptone test. 
Indol in broth cultures direct | (Klein’s “enteritidis change” in | L= Acid and gas, lactose peptone 
(5 days at 37° U.) aucrobic milk cultures. Cultures test. 
heated to 80° C. for 10 minutes. | N=Greenish-yellow fluorescence 
neutral red broth test. REMARKS 
1 | 10 | 100] 1,000} 10,000 100,000; 1 | 10 | 100} 1,000) 10,000} 100,000} 1 | 10 | 100} 1,000} 10,000! 100,000 
1 4-1 {01} 001 | 0001 | 00001; 1 | +1 | °01) 001] 0001 | 00001) 1 | ‘1 | °01 | 001 | 0001 | 00001 
€.¢.}¢.c.}¢.c.| ce. | c.c. GC." | €.0./6¢.¢. |¢.c.} c.c. | ce. Cr || CaCal' CeCe tC.C.g| ees Coal| FC, Ce c.c.” 
| + - 
aq a 
| re s 
| omy 
J aie 
ees + $50 
| B 
oe + = 
B 
ao eos = re a ee 
B 
=t ~~ + = aS 
B 
a + 
Ai ii 
fe ~ 
be + = 
eee “Ii _ ee 
N R 
ty + 
N R 
+| - + 
N R 
+ { - + 
N R 
+] - + 
N R 
+] - + 
N R 
+] - ~ 
NR 
+] - “ 
N R 
+] - + 
N R 
+ {| - - 
N R 
-F = abe ae 
N R N R 
ce + ~ 
N R NR 
+] - “ - 
NR NR 
+] - - - 
NR| NR 
= + | - + S 
Sample 3. 
4 = #3 Gas Test: 
B 24hours: + ‘Ole.c., —*001 ¢.c. 
+ = +P = 48 hours: +001 c.c., — 0001 ¢.c. 
Hf an wiR Litmus Milk Modified Test. 
48 hours: + ‘00001 c.c. 
Ae a 
. Gas Test. 
24 samples at 100,000 2 samples, + ‘001 ¢.c., — ‘0001 ¢.¢.| Bile Salt Glucose Peptone Test. | The samples examined varied be- 
14 samples at 10,000 13 samples, + ‘Ole.c., -— 001 c.c. 1 100.000 tween :— 
13 samples at 1,000 Fper c.c. | 5 samples, +‘le.c., —--‘Olc.c. 10 sampled at IW), (a) examined after 24 hours 


2 samples less than 1,C00 


2 samples less than 


10 


- 6225.—App. IV. 


7 samples at 10,000 
10 samples at 1,000 
2 samples at 100 


per ¢.c. 


Lactose Peptone Test. 


8 samples at 100,000 
4 samples at 10,000 ;per c.c 
1 samples at 1,000 


Neutral Red Broth Test. 


13 samples at 100,000)... 
6 samples at 10,000/P = 


-—- *1 @.¢@:, — Ol ce. 

+ ‘001 c.c., -— 0001 ec. 
(6) examined after 48 hours 

+ ‘OOle.c., - ‘0001 c.c, 


+ ‘0001 ¢.c., -— 00001 c.c. 


Litmus Milk Modified Test. 


4 samples, + ‘00001 c.c. 
3 samples, + 0001 ¢.c. — ‘00001 c.¢, 


8. EEE EEE eee 


ab 


DESCRIPTION OF THE SAMPLE. 
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RESULTS-—-OF- THE- BACTERIOLOGICAL- EXAMINATION—-- 


2 


Total Number of 
Bacteria in 1 c.c. 








Time of Collection. 
No. Other Details. 


Hour. 


> 
e 
iQ 


Month. 
Year. 

























1 | 4.45 p.m.|13} 3/1902} Chemically precipi- 


tated Sewage. 


2 {10.50 a.m.}19 es do. do. 

8 |3.45-10.15 |: do. do. 
a.m. 

4 | 4,0 p.m. . do. do. 

5 | 4.0 p.m. Op do. do. 

6 | 4.45-5.0 22 “~ do. do. 
p-m. 

vi 3.0-3.15 |: iS do. do. 
p.m. 

8 | 3.30 p.m. 4 do. do. 

9 | 4.30 p.m. 3 do. do. 

10 | 3.15 p.m. % do. do. 

Il 12.20 p.m. | ” do. do. 

12 | 4.45 p.m. - do. do. 

13. | 4.0 p.m. » do. do. 

14 | 4.15-4.30 } .; do. do. 
: | p.m. 

15 5.0 p.m. me do. do. 

a do. do. 

3 do. do. 

os do. do. 

ne do. do. 

~ do do. 

5} 1.0 p.m. 

5.0 pm. | + do. do. 

4.30 p.m. |} % do. do. 

” do. do. 

‘ do. do. 

re do. do. 

i do. do. 

- do. do 

en do. do. 

gg do. do, 

do. do. 


Average per ¢.c. 


Agar at. 
See. 


Gelatine 
20° C. 





11,000,000 
11,000,006 
18,000,006 
24,000,00€ 
2,100,00€ 
29,000,006 
30,000,006 
22,000,000 
10,000,000 
22,000,006 


160,006 
17,000,006 
7,200,000 
6,000,000 
4,300,006 
8,000,000 






20,000,006} 5,300,00¢ 
11,000,006 

1,800,006 
10,000,00¢ 


1,200,006 


23,000,000 
7,000,006 

} 16,000,000 
8,000,006 
10,090,006} 3,000,006 
980,006 
620,00€ 


1,200,000 


3,000,000 
2,900,000 
5,000,000 60,006 
3,000,000} 170,000 


11,231,158 






3 


Number on B. Coli (or closely 
allied forms) in 1 ce. 














1 10 |. 100 1,000 10,000 100,000 
] .1 | -O1 | 001 | 0001 | 00001 
C.c. | C.C. C.C.. c.c. c,c. c.c. 
+ 
+ 
+ 
+ 
of 
+ 
+ 
ea 
a - 
4B 
4 
a 
45 
4 
is 
rt 
a 
+ 
+: 
, xf 
r y 
ae 
* 
+ 


3,765,148|15 Samples at 100,000 


5 Samples at 10,000; per c.c. 
6 Samples at 1,000 
1 Sample less than 1,009 per c.c. 


~ 


Chief Bivlogical 
Characters of the 
strain of B. Coli. 
present in the 
number specified 





in Col. 3. 
PES . #B 
B2e| Stale Fed} 
BeX| Ged |S 3 Fs 
,28| S22 |,.227| 
e43| 45 Secs 

Ta) | @) 
+ + t+] - 
+ oO 
+ + 74+] 4 | 
+ ame gee ee | 
+ aed Bae 
+ ~.| +] + 
+ ae Teer 
le [ete 
4 l) Sis 
ee xh ee 
totem PELs 
b+ [= P#] +] 
5 = + ant 
iS {= = as 
aa S Been | 
z: - + 

Nio recojrds. 

a eee 
+ + | +/+ 
+ — pe fs 
+ = pe 
+ + | + 

ee 2 Bae |: 
+ + | +] + 
+ - |] = 
Njo -reco|rds. 











8 out of 24 produced 
both indol and clot. 

4 out of 24 produced 
neither indol nor 
clot. 

9 out of 24 produced 
clot but no indol. 

3 out of 24 produced] — 
incol but not clot. 
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OF MANCHESTER SEWAGE CHEMICALLY PRECIPITATED. ~ 
































6 tls 8 
B. Ex reriripis SPOROGENES TEST. OTHER TESTS. 
INDOL TEST, B=Acid and gas, bile salt, glucose 
Spores of B. enteritidis sporogenes peptone test. : 
Indol in broth cultures direct | (Klein’s “enteritidis change” in |L—Acid and gas, lactose peptone 
(5 days at 37°C.) anerobic milk cultures). Cultures test. 
: heated to 80° C. for 10 minutes. | N.R.--Greenish - yellow fluores- 
_eence neutral red broth test. ____.. REMARKS, 
1 | 10 | 100} 1,000) 10,000) 100,006; 1 | 10 | 100)1,000 | 10,000; 100,000) 1 | 10 | 100/ 1,000; 10,000; 100,000 
1 | ‘1 | 01 |.-001 | 0001 | 00001 | 1 | ‘1 | 01) 001 | 0001 | 00001 | 1 | +1 | 01 | ‘001 | 0001 | 00001 
€.¢./¢.c.|¢,c.| cc. | ce. | eae. |eelec|eec|ec | ce. C.c. |¢.c.|¢.c.|ce¢,| cc. | ec. C.c. 
ar ' Gas Test. 
+ - Samples (282) (283) (284) gave 
results as follows :— 
; ee s < 
B 24 hours. 
+ + ~ (282) + ‘001 c.c., — 0001 c.c. 
(283) + 001 ec, — ‘0001 c.e. 
=| = sid (284) + ‘lee, - Ol c.e. 
* B 
+ + 48 Lours. 
B (282) + ‘00001 c.c. 
+ + - (283) + ‘00001 ¢.e, 
; B (283) + O0lc.c. - ‘0001 ¢c.c 
+ f = ' j 
i B } 
Sig i — 
B 
+ ee a5 a 
B Litmus Milk Modified Test. 
mi = - a 
B Samples (282) (283) (284) gave 
+ - + --— | respectively results as follows :— 
B , 
+ 55 ae + -00001 c.c. ; + °00001 c.c. 
B + ‘001 ce. - °0001 c.c. 
+ | - = 
B L: 
5 + + + {Sample (285) gave result ag 
L ' follows, as regards Gas Test :— 
S a 3 . 
NPR (a) 24 hours, 
ac oat ate, Cu) =) Css 
Ne & 
- ai (b) 48 hours. 
N R 47 hie. cr; — "OL e:¢; 
toe =e bd i 
B NE 
+) o- +] - +] + - 
B 
ie = + o at = 
ok 
~ + - 
B I 
+ ae 
B 
, aE oe + 
B L 
+ +44 - 
i 
+] - +] - 
+ 
+ aS 
+ 
| 
Bile Salt Glucose Peptone Test. Gas Test. 


15 Samples at 100,000 
5 Samples at 10,000; per c.c. 
6 Samples at 1,000 
1 Sample less than 1,009 per c.c. 


6225.— App. IV. 























2 Samples + ‘Ol c.c., --001 ce. 
2 Samples + ‘1 c.v., - 01 cc. 



































4 Samples at 100,000 
10 Samples at 10,000 - 
2Samples at 1,000 J 
1 Sample less than 1,900. 
Lactose Peptone Test. 

2 Samples at 100,000 

3 Samples at 10,000 ;per c.c. 
1 Sample at 1,000 

Neutral Red Broth Test. 
2 Samples at 100,000 
2 Samples ati 10.000 | POLE f 


per cc. 


Tne samples examined varied 
between :— 
(2) Examined after 24 hours, 
ae. Crral oo 1G, C4 
+ °0C1 c.c., — 0001 c.c, 
(5) Examined after 48 hours, 
fe WE TeL = “LCC, 
+ ‘00001 c.c. 
Litmus Milk Modified Test. 
2Samples + -00001 c.c. 
1Sample + ‘001 c.e.,- -0001 ¢.¢. 


3D2 
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1 2 Sac 4 


plata an ct Te Ded ra 
Chief Biological 
Characters of the 



























































, 5 Total Number of Number of B. Coli (or closely strain of B. Coli 
DESCRIPTION OF THE SAMPLE. Bacteria in 1 ¢.c. allied forms) in 1 ¢.c. ; present in the 
number specified 
in Col. 3. 
: : 28>) a2 S 
Time of Collection. 1 | 10 | 100 | 1,000) 10,000 }100,000]) 85° | Se] . #8 _} 
al g2o| fc5|2 Bus 
: Gelatine | Agar at - OED | B20 | Basa ne 
No. ; Other Details. at 20° C 37° C SO. @| ~g5 | Sosgh 
leet 4 : 1 | ‘Ll | -OL |-001 | 0001] 00001 | ge] gee] *°8ga} 
Hour. |*/8] 8 €.C. i C5 Cs. (WC. Con) 1C.Cr acs Ce 4) S841 SS Tehoaeis ae 
our BIg 8 Cie C.¢ c ae ee 25 Ee sees 
ae (a) | (6) 
1 | 4.30 p.m. [13] 3/1902} Effluent fromNo. 24.| 170,000 TOOT: vetoes |i ie ten sath Uhaeenteereae ee + + Pe tae 
4-acre bed. 
2 | 4.80 p.m. | 2! 5)°5, do. do. 3,800,000 | 510,000 Sa Meret gees Phe + + — 2 a ee 
§ p.m. (end of discharge) ; 
S314. p.m. GB 5; do. do. 1,800,000 90,000 Ps ReMi: ee sda + - aD tiie 
4 |} 4 p.m. 9] 5) 4, O. do. 8,800,000 | 280,000 ; etc Ue be, 8 + wie + - -|- 
(end of discharge) 
DB, ¥a. 15. p.1as LO) Sy, fe, do. do. — 3,400,000 760,000 aot 3 + ds + _ + )+ 
3.30 p.m. (drainings) ; 
6.5} 3-15 p.ms},9) 6)" ;; do. do. 3,100,000 360,000 : La A Sate + + = +] 
7 | 4.45 p.m. |12} 6] ,, do. do. 7,400,000 | 2,900,000 ee a ae Be + 7 -|- 
8 | 11.30 a.m.]19} 9] ,, do. do. 2,800,000 660,000 ‘a BS + es + - + | + 
(commencement of 
discharge). 
9 | 12noon {23} 9] ,, do. do. 5,500,000 | 1,500,000 ad &S = + ee + + + | + 
1 p.m. (drainings) 
10 } ll a.m. {10/10| ,, do. do. 5,700,000 | 560,000 ; ee] The eee + + 3 +] - 
(about half empty) 
ll 14/10] -,, do. do. 1,000,000 | 840,000 bl de hele OE x + a i D8 
(end of discharge) 
12 | 11 a.m. {L7{10) 5, do. do. 210,000 | 100,000 us eet We | ae + as = a om 
(three-quarters full) 
13 | 3.10 p.m. |29) 1|1903 do. do. 800,000 30,000 fee = set a ‘iar Pla inseam mies bales 
(end of discharge) 
14 | 4.30 p.m. 30! 1] ,, do. do. 3,000,000 | 1,000,000 2, Me 7 - ae a Sa Bee lscce Nrnoe 
(drainings) 
15 | 12.40 p.m.}20} 2 do. do. 540,000 | 110,000 sie | aan eee nee ee + |No Rjecor|ds. 
(half discharged) 
16 | 11.45 a.m.|18| 3/1902) Effluent from No. J | 1,300,000 140,000 hs ed ee ona =» — [P= pits 
3-acre bed. 
17 | 4p.m. 16] 6] ,, do. do. 6,900,000 | 1,200,000 cod | eee lees + ae — am tak 
18 | 4.15 p.m. |17} 6) ,, do. do. 9,800,000 | 2,300,000 - nol ton asp) eee “- + - ar oe 
4.30 p.m. 
19 “LS span eee ic7 ss, do. do. 1,900,000 | 640,000 pre ecb te? =: — + + +] + 
20 P20) ie) ee do. do. ail smoot nae ut ie | Ore aE lees 
(117) 
21 °-|.4.5.p.m. 27181, do. do. ms ates 3 ee i “ Se Th esis 
(118) (at end of discharge). 
22) 313220 p.m e2lP Ole. do. do. * Pi cece cesecmtl meee sre ie Pts | Meares (atc 
(119) (bed 4 empty). 
23 16| 91 ,, do. do. a Saat ee Mee eee a 
(120) 
24 | 3.15 p.m.|L9| 9I_,, do. do. 1,400,000 | 280,000 eae - + = epee 
25 | 4.15 p.m. }19) 9} ,, do. do. 840,000 250,000 5 - ie < are x eeR eee 
26 | 4.30 p.m.| 3|10] _,, do. do. 6,100,000 | 770,000 eee + ea SER 
27 | 2.45 p.m. {10|10|_,, do. do. 5,100,000 | 440,000 hi eee + \ 4 eee 
28 | 5pm. |2iliol ,,| do. do. — | 4,100,000 | 220,000 ieee Ae: + |e 
29 ey p-m. j12)11|_ ,, do. do. 8,400,000 | 240,000 oe) ree a 4 ite 5s “+ + |No Recor|ds. 
.30 p.m. 
30 | 2.30 p.m. !19)11|  ,, do. do. 2,900,000 | 540,000 + og “= Cat 
3L | 3.25 p.m.| lial ,, do. do. 3,000,000! .680,000;1/,'ha21t is te oe = + —~ Pete 
32 | 3.4 p.m. |...|... : do. do. 6,400,000 350,000 |... wot le Dees «loge ened. “t op = ap <r 
33 | 10.30 a.m.|29} 1|1903 do. do. $5200, 000 = 210,000 oo sac, area ie 
34 | 2.40 p.m. \13} 2|_,, do. do. 460,000 B2Z,0000) et Cate eceatieees + + = ie 
35 | 3.45 p.m.|i9| 2] ,,} do. AW: a4 | 1200000. BZ 000-1. .c5| vue ct armen een | ee 
$5 | 4.40 p.m. | 5) 8/1902) Effluent from No. 7. 
(169) 4-Acre Bed. 
37 P2ISi oa do. do. 
3 5. 0 p.m. |22)10] _,, do. do. 3,300,000 | 450,000 {| ... |... | on + a js 5 Bt ie | 
(half exapty) 
39 2. SUiPeW zo ls54|, mes do. do. 500,000 460,000 shu ie ses Baie ek + aE = = Sl t= 
(drainings) 
40 | 3.30 p.m. |1411]| ,, do. do. 3,600,000 700,000 aoe Fiat hess, a th. + +- = + | - 
| (drainings) 
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FROM MATURE HALF-ACRE PRIMARY CONTACT BEDS AT MANCHESTER. 





























5 6 7 8 
B. ENTERITIDIS SPOROGENES TEST. OTHER re : 
‘ B. =Acid and gas, bile salt glucose 
; XbOn TEST. Spores of B. enteritidis sporogenes peptone test. 
Indo] in broth cultures direct (Klein’s ‘‘ enteritidis change” in |L.= Acid and gas, lactose peptone 
(5 days at 37° C.) anerobic milk cultures). Cultures test. 
heated to 80° C. for 10 minutes. | N.R.—Greenish-yellow _ fluores- 
cence, neutral red broth test. REMARKS. 
1 | 10 | 100) 1,000} 10,000) 100,000; 1 | 10 | 100} 1,000) 10,000) 100,000) 1 | 10 | 100 00 10,000} 100,000 
1 ‘1 | 01 | *001 | C001 | 00001 | 1 1 | -01 |°001 | 0001 |-00001 | 1 ‘1 | 01 |-001 | ‘0001 | 00001 
Bren |e.C..|\C.C. | C.C. | Cc. Ge. |€.C.|C.c.| c.c.| ce. | Ce. C.c. |C.c. < c.|¢.c.| Gc. | cc. CC. 
+ a, 
+ - on 
B 
+ - ~ - 
B 
- 86 5 = 
B a 
_ + —_ 
oF : Bo-F 
B 
> + - 
BL 
+ + -- 
ae . Se 
B 
+ _ aoe =e =4 
B 
+ ey 
B L 
= - cil = 
+- — 
+ ex 
+ et 
B Gas Test. 
se ie 4 nt 
B Samples (117), (118), (119%, (120), 
- i; ae gave results as follows :— 
B 
—- os + 24 hours. 
NR (117) 4- ‘Olee, — ‘001 ae. 
as be ate = (118) + ‘00lc¢.c., — ‘0001 c.c. 
N (119) + ‘Oleec, — 001 ec. 
a ieee 4. (120) + <1 e.c., ~- ‘Ol ece. 
N 
ea a + 48 hours. 
N R + 0001 ¢c.c., — ‘00001 ce. 
ae eee ue eo + ‘0001 c.c., — °00001 c.c. 
B + 0001 c.c., - ‘00001 c.c. 
- es + a + ‘0Olc.c., — ‘0001 ee. 
Bees 
Ate + oe. 
B . . . 
e es Litmus Milk Modified Test. 
B 
ue fs te Samples (117), (118), (119), (120) 
B gave results as follows :— 
-}- <a + = 
L + -00001 c.c. ; 
1 * ‘ if = + -0001 c.c. — "00001 c.c. 
ig + ‘00001 c.c. 
a a : 4 + - + °0001 c.c., — ‘00001 ¢.c. 
+ 
+ — 
‘i ¥, Gas Test. 
ia Pa NR Sample 36 (169) gave in 24 hours 
ie = ee BY pas results as follows :— 
oes B + 14.¢.,— L6G 
mea + a 7 ; oy ; 
bi L Litmus Mik Modified Test. 
zs + : 
5 “ ii Samples (169) and (170) gave re- 
cy rs Be = sults respectively as follows :— 








+0001 ec. - 90001 c.c., and 
+ ‘00001 c.c. 





Sees 


ae 


eS ee 


SS SS 
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1 


9 


a 


3 


a 


een a EE Ca IEEE A ATED LAN, SDS CGR TROT aM PES SCS BTA SET RG eT TAGS SR 


DESCRIPTION OF THE SAMPLE. 


























in Col. 3. 
| | 37 > se 
| Time of Collection. 1 100 1000 10, 000 100, 000, 289) Eo). 5 
Gelatine | Agar at |——- —- _| 338 | 38h 12 232] 
No | RS Other Deta‘ls. | "op c._| = C rote igo ee Go #|\353|se8=e 
Hour cules r : ; ] ‘1 | ‘O01 | 201°) 0001 | 00001 aa aa “OE ge 
. > wm aS 
25 s | CLC... [CC CL CIE ence Ce Eee Be S335 
(a) | (d) 
41 | 4. 0 p.m. }24/11/1902| Effluent from No. 7 4-|No Record| 1,500,000]. = F + + - a.) + 
acre bed (first flush) 
42 14. 0pm.) 212) ;, do. do. 2,300,000 220,000 4 - + ]- 
. (first flush) 
AS) Bl do eOr pein 2112) eee do. do. 8,200,000} 1,300,000 + + = = 
(drainings) 
44 | 2.35 p.m. | 5} 2/1908 do. oO. 4,100,000} 1,600,000 + + - - 
(first flush) 
45. | 3.30 pm.}| 5) 2) |; do. do. 1,300,000 - 
(drainings) 
AG: . | 9; 45\aem. 13/52) ee do. do. 1,000,000} 100,000 + + ~ Be loka 
(drainings) 
47 |10. 0 a.m. {19} 9/1902 do. do. 8,800,000} 1,700,000 + + - +) + 
(three-quarter empty) 
AS” 13) 7a. 130)5 Lies; do. do. 3,300,000} 1,300,000 oP - todo 
(half empty) 
49. 11. Vb a,ma! 3i2\— do. do. 2,500,000} 160,000 + - ~ +] + 
(half empty) 
50 |10. O a.m. |13} 2) ,, do. do. 2,200,000} 320,000 + + - - | - 
(quarter empty) 
51 10.45 a.m. |20} 2) ,, do. do. 700,000 150,000 + + |No Relcord)s, 
(rather more than 
half discharged) 9 
52 | 3.15-8.30 |19) 5/1902) Effluent from No. 8. | 4,100,000} 1,000,000 + + - + |e 
p.m. 4 acre Bed. 
53 | 8.30-8.48 |25] 5) ,, do. do. 12,000,000} 1,200,000 + = a et 
p.m. (drainings) 
54 | 3.30 p.m. |30) 5) ,, do. do. 12,000,C00} 740,000 +f + = Fal eet 
55 112.20 pm.j11| 6) ,, do. do. 11,000,000} 759,000 + ae epee 
56 1pm. |y9l 9 do. do. 7,100,000} 2,200,000 ++ 4 + | +] + 
(P51) V2ineonesealed) 2 (first discharge) 
1 p.m, 
57 5 p.m. |26) 9) ,, do. do. 4,800,006} 1,300,000 + + — iP 4+i+ 
(draining) 
58 | 5.30 p.m. |30) 9) ,, do. do. 3,400,000} 1,000,000 + + - +[—- 
(first flush) . asd 
59 |} 1.30 p.m. |1O/10) ,, do. do. 5,600,000} 310,000 + + - + p+ 
60 oe 14/10 ,, | do. do. 380,000 Be EL 8 eee 
(2 empty) 
61 | 2.30 p.m. {19j11) ,, do. do. 4,100,000) 500,000 + a = Ede) | ee 
(eud of discharge) 
62 | 4.30-5 |2ijll) ,, do. do. 9,160,000] 1,100,000 + + - Pea = 
p.m, (4 empty) 
‘63 4p.m. |2411) ,, do. do. 550,000 + a = Ei | eee 
(end of discharge) 
64 | 3.25 p.m. | 2|12)_,, do. do. 2,100,000} 600,000 No Rlecord|s. No Rlecords|. 
(drainings) 
65 | 3-4 p.m. |8]12) ,, dows 40: 7,000,00C; 840,000 ( aE + |No Relcord's, 
(draining) 
€6 | 3pm. |12/12) ,, do. do. 14,000,00€] 2,000,000 + + |No Rejcord)s. 
(first flush) 
G67 {10.E5 a.m.|29} 1]1903 do. do. 500,000 20,000 — No Relcord|s. 
(end of discharge) : 
68 |4.30-5 p.m. |25} 4/1902) Effluent from No. la 130,000 96,000 h ate ae way | pase 
% acre bed (diain- 
ings) cia eer! = 
69 4'p.m, _ 2} 6] 5] %, do. do. 1,600,000 | 810,000 i t x28 Mec 
70 4 p.m. {13} 5). ,; do. do. 6,300,000} 210,000 ee = 
71 aes 22) 5) ,, do. do. 13,000,000 | 1,400,000 + ~ - | + ]- 
72 | 3.15 Pile G|: do. do. 3,800,000 | 300,000 + + = + 
13 111.30 a.m.|19} 9} ,, do. do. 1,260,000 + - +] + 
| (4 empty) 
74 110.30 a.m.j}10]10) ,, do. do. 3,700,000 320,000 Ee a: ad Sr aes 
(5 minutes after 
opening exit valve) 
75 10 a.m. {17/10} ,, do. do. 110,000 40,000 ae + — + | + 
(4 full). 
76 12 noon. |20]11). ,, do. dv. 1,000,000 at = =. ce |e 
(drainings). 
77 4.5 p.m. | 3] 2)1903 do. do. 34,000 3 . z Se 
({, empty). 
78 | 11.45 a.m.|20} 2) .,, do. do. 19,000 a + No Releordls, 
(F discharge). 
No. 4 4 Acre Bed. 
79 | 4. Op.m,| 412902 Effluent from No. 4 | 6,000,000 2,800,000 + + - + ]- 
3 3 Acre Bed. (first 
ush), 





Total Number of 
Bacteria in 1 c.e. 








Number of B. Coli (or closely 


allied forms) in 1 ¢.c. 





a ee 











Chief Biological 
Characters of the 
strain of B. coli. 
resent in the: 
N umber specified 
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ROM MATURE HALF-ACRE PRIMARY CONTACT BEDS AT MANCHESTER—continued. 
















































5 6 , “ 8 
B. ENTERITIDIS SPOROGENES TEST, OTHER TgsTs, 
INDOL TEST. B.=Acid and gas, bile salt glucose 
Spores of B. enteritidis sporogenes peptone test. 
Indol in broth cultures direct (Klein’s “enteritidis change” in -| L.=Acid and gas, lactose peptone 
(5 days at 37° C.) anerobic milk cultures). Cultures test. 
_| heated to 80° C. for 10 minutes. | N.R.==Greenish-yellow _ fluores- 
: cence, neutral red broth test. REMARKS. 
1 | 10 | 100 | 1,000! 10,000! 100,000} 1 | 10 | 100] 1,000} 10,000} 109,000) 1 | 10 | 100} 1,000] 10,000} 100,000 
1 | ‘1-}-01| 001 }-0001 | -00001 | 1 | +1 | -01} -001 | 0001 | 00001) -Y | +1 | -01 | 001 | -0991 | -00001 
AC. |C.C.|C.C.] CC. | Cc. | Ce. [.C./e.c. [Ce] Ge. | Cc CuO A) C5C NOLO OC] OG. | “eC. CRE 
: | Ff 
ee Uy = wale Sample 151 gave results as re- 
gards Gas test : 
“te = | | | 
(a) 24 hours. 
| ; . +‘lee,— ‘Ol ee. 
a : | (6) 48 hours. 
Fig Bes | 2 | +0001 c.e. —-00001 ee. 
; BL | 
+ + | 
Litmus Milk Modified Test. 
+ - ss 
+ 06001 ee. 
+ _— 
4- i 
+ —~. 
L 
of et ar oe 
B 
+ S 
B 
~ - + - 
B 
+ + 
B NR 
ar hn ae a, # + 
L B 
- + = = = 
be? 
+ re + 
P 
- S + | - 
B 
+ $ + 
L 
2 - - 
+ — 
+ 
a _— 
B 
- - + | = 
ve ae 
ie =F el 
B 
ap = Bh + 
BL 
+ + - 
B 
+ - * - 
BL 
“fF 
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ROYAL COMMISSION ON 


RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE EFFLUENTS 
2 3 4 


1 _ 
—————  —e__ iS 
Chief Biological 
Characters of the 
strain of B. Coli 
present in the 
| number specified _ 
in Col. 3. 


Number of B. Coli (or closely 


Total Number of 
ey allied forms) in 1 c.c. 


DESCRIPTION OF THE SAMPLE. Baten lose 








100 | 1,000 10,000 100,000 


0001 | ‘00001 
C.c. C.C. 


1 10 


‘O01 | -001 
C.-C, | -C.C. 


Time of Collection. 


(Broth 


(Gelatine 
cultures, 5 days 


**shake” cultures, 





Agar 
at 37 C. 1 at 
c.c. | CC. 


: Gelatine 
Ns, Other Details. at 20° C. 





(a) Acidity. 
(b) Clot. 
(Litmus milk 


at: 37° C.) 


Hour. 


Gas. 
24 hrs. at 20° C.) 
Indol. 
cultures, 5 days 
at 37° C. 





Day 
Month. 
Year 





4 
— 
Se 
— 
> 
~— 








+ 
ae 
! 
xe 
+ 


4.15-4.30 |12/12/1902) Effluent from No. 4 | 3,700,000 

p.m. 4 Acre Bed (} empty) 

No. 5 34 Acre Bed. 
Effluent from No. 5 

4 Acre Bed (end of 

discharge) 
Effluent from No. 5 

4 Acre Bed (about 
¢ discharged) 

No. 9 4 Acre Bed. 
Effluent from No. 9 

% Acre Bed (first 

discharge) 

No. 3 $ Acre Bed. 
Effluent from No. 3 

4 Acre Bed (3 

empty) 

No. 6 3 Acre Bed. 
Effluent from No. 6 
4 Acre Bed (4 dis- 
charged) 

Acre Filtrate, 
average of 6 acre 
plot, towards end 
of discharge 
3.30-4,15 |14/9} 5, | + Acre Bed average ves - 

filtrate, 6 acre plot 
1910} 55] 2 Acre Filtrate, 6 
ta plot Series 

tf 


420,000 


rie 

oe 
! 

as 
! 


26111], 1,000,000 


| Wi Pepa pee te aa 





+ 
+ 
+ 


. L912) ,, 3,100,000 SS 00041 acc}. cio Suc ep yee es + 


a 
=H 
! 


.{1411)_,, 8,600,000 |. 1,600,000.) a8 1. \ncBlteseul eee mae + + 





5. 0 p.m. {23/10} ,, 1,900,000 | 250,000} ... J we | we | + 


No |recolrd. 


3.40 p.m. 790,000. ~550,000,1 “art1) ...41 Sa. fc one + + 


9 32 


wi 





4 Acre Filtrate, 6 
ae plot (Series 
I 


Filtrate from 6 acre 
plot (average) 

Filtrate from 6 acre 
plot Series IT. 

Filtrate from 6 acre 
plot Series II. 
(average) 

4 Acre Filtrate aver- 
age of 20 acre plot 

4 Acre Bed Filtrate 
(20 acre plot) 15 
minutes after 
opening valve. 

4 Acre Bed Filtrate 
(average 20 acre 
plot, Series T. 

Half Acre (20 acres A fee ane oF aie de] aN 
east, average) | 

Filtrate from20acre 
plot (average) 

Filtrate from 20acre i C0 ee Ht titers te i. | 


3-3.30 
p.m. 





i 





2.15-4 
p.m. 
3.30-4 |29/11] ,, 
p.m. 
4.30 p.m. 


plot, Series I. 
Filtrate from 20acre 
plot, Series 1. 
(average) 
4 Acre Bed Filtrate 


3-3.30 
p-m. 














2,30-3.30 |20 


1 Acre Bed Filtrate 
p.m. 


channels _ begin- 
ning to discharge 








Averages per ¢.¢. 

Samples 1 to 85 (in- 
clusive) were de- 
rived from indi- 
vidual beds (Nos. 
2a,1, 7,2; 8, la, 4, 
5,9, 3, and 6) in 
contra-distinetion 
to samples 86 to 
101 (inclusive) 
which were de- 
rived chiefly from 
(6 acre and 20 
acre) plots of 
beds. ] 


Averages per c.c.in- 
clusive of all the 
results). 


4,227,464 


{ 


J 


L 


701,391 


31 samples at 100,000) , 
24 samples at 10,000 |... 
14 samples at 1,000 P 
2 samples at 100 
1 sample at 10 
5 samples less than 1,000 per c.c. 
1 sample less than 100 per ¢.c. 


9 out of 65 produced 
both indol and clot 
25 out of 65 produced 
neither indol nor 
clot : 
29 out of 65 produced 
clot but no indol 
2 out of 65 produced 
indol but no clot 
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FROM MATURE HALF-ACRE PRIMARY CONTACT BEDS AT MANCHESTER—continued. 
















































































5 6 fj 8 
B, ENTERITIDISSPOROGENES TEST. ae 
INDOL TEST. ; B.=Acid and gas, bile salt glucose 
, : Spores of B. enteritidis sporogenes peptone test. 
Indol in broth cultures direct | (Klein’s “ enteritidis change” in | L.=Acid and gas, lactose peptone 
(5 days at 37° C.) anerobic milk cultures), Cultures test. 
heated to 80° C. for 10 minutes. |N.R.=Greenish-yellow fluorescence 
neutral red broth test. REMARKS. 
1 | 10 | 100 | 1,000) 10,000; 100,000; 1 | 10 | 100 4 10,0001 100,000} i | 10 | 100 | 1,000} 10 000} 100,000 
1 { *1 |} 01 | :001 | 0001 | 00001; 1 | -1 | 01} -001 | 0001 | 00001) 1 | -1 | ‘01 | 0U1 | 0001 | -00001 
Bee GC, }CC, | CC. |. CC. |) €.@.- |C.en)-c.¢.|.¢.¢.] ce. | ce. €.c. |c.e.|¢.ec./¢.¢.| cc. | ce. | cc. 
L 
eee + ae +- 
+ = 
+ 
L 
+ + 
B 
+ ~ + 
+ 
Ne R. 
+] - “ - 
NR 
ey aaees free ~ 
NR 
+ | - + 
Nip 
+ | - + 
N R 
iTS bi ~ 
NR 
+] - +.) - 
NR 
+} - + | = 
NR 
+| - + 
NR 
+| - + 
NR . 
+|- + 
NR 
+ 25 — 
NR 
+] - Pou Poke = 
NR 
+] - +| - 
NR 
+ |- + - 
N R 
+ = ir 
NOR 
san) oly - 
a peoples at oe 2 samples + °01 ¢.c., ~ ‘001 c.c. Bile Salt Glucose Peptone Test. 
29 samples at 10, 5 samples+°lc.c., -— O01 c.c. 12 samples at 100,000 
a cca at 1,000 pe 12 samples at 10,000 . ea Gas Test. 
samples at 100 Pa 1l samples at 1,000) "~ F 
: 1 sample at 10 1 sample less than 1,000 per c.c. one ee ate tested varied 
samples less than 1,000 per c.c. Lactose Peptone Test. 
6 samples at 109,000 (a) 24 hours, 
8 samples at 10,000 | per +le.e., —'le.e. 
2samples at 1,900{ c.c. +:001 ¢.c., — 0001 c.c. 








6225.—App. IV. 


6 samples +01 ¢.c., — ‘001 c.c. 
16 samples+ ‘1 ¢.c., —°01 ¢.e- 
lsample +lce.c.,-—°lc.c. 


1 sample at 100 
1 sample less than 1,000 per c.c. 


Neutral Red Broth Test. 
3 samples at 100,000) per 
3 samples at 10,000 c.c. 


Neutral Red Broth Test. 


12 samples at "200 ‘ 


7 samples at 10,000 


3samples at 1,000 


(b) 48 hours. 
+001 c.c., — “0001 c.c. 
+0001 ¢c.c., — 00001 c.e. 


Litmus Milk Modified Test. 


4 samples + °00001 c.c. 
3 samples+ °0001 c.c., — 00001 c.c. 


ee eee ee eS SS ee 


3 E 


DESCRIPTION OF THE SAMPLE. 


No. 


11 


13 


14 


15 


16 





394 


ROYAL COMMISSION ON 





RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE EFFLUENTS 


] 


2 3 





Time of Collection. 





Total number of Number of B. Coli (or closely 
Bacteria in 1 ce. allied forms) in 1 c.e¢. 





1 10 | 100 |1,000 10,000 100,000 


: Gelatine | Agar at |——|——-|——---——- 
Other Details. 5 0 
at 20°C.) 37°C. | 4 | 47 | 01 | 001 | -0001 | -00001 


C.c. | C.C. | C.C. | C.C. c.Cc. c.c. 

















4.30 p.m. |25} 4/1902) Effluent from No. 2, | 1,300,000 TRONUUO) Neder |e Sec wae bee + 


4 p.m. 
4 p.m. 


4.45 p.m. 
3.30 p.m. 
4.30 p.m. 


4.45 p.m. 


4 p.m. 


24 hours { 


contact 


9} 5 
13 


i 
i=) oO Or Or 


ee 
bo 
(=z) 





14} 9)1904 


5|10 


10/10 


19/10 





” 


> 


. {29 1)1903 


9 


- Filtrate from 4 Acre 





4 Acre Bed 

Effluent from No. 7, | 9,500,000} 870,000 | ... 1 aden lees + 
4 Acre Bed 

Effluent from No. 9, | 6,600,000 7200007] 2eetiie ras SA Bee + 
3 Acre Bed 

Effluent from No.10, |21,000,000 | 2,500,000 
4 Acre Bed 

Effluent from No. 9, |16,000,000 | 2,100,000 
4 Acre Bed 

Effluent from No. 7, | 2,700,000 330,000 
4 Acre Bed (Drain- 
ings) 

Effluent from No. 3, |12,000,000 | 3,100,000 | ... | ... ms Be oe + 
4 Acre Bed 

Effluent from No. 7, | 7,600,000} 1,400,000 |... a na Sele occ + 
4 Acre Bed (com- 
mencement of dis- 
charge) 

Effluent from No. 7, |12,000,000 | 3,400,000} ...;) ... BR #: * + 
i Acre Bed 

Effluent from No.13, | 1,500,000 35,000 |... aie ee os 
4 Acre Bed (first 
time of filling, 24 
hours contact) 

Filtrate from No.7], me a vay “a BE Ry, 
4 Acre Bed (5 min- 
utes after opening 
exit valve) New 
Bed worked at 

resent with 24 
10urs contact 

Filtrate from No.73, sat ies ede ||. edo l| vinden en eee |annes 
4 Acre Bed (New 
Bed 5 minutes af- 
ter opening valves) 

Filtrate trom No.8, 
4+ Acre Bed (Chan- 
nel 9) 





+ 


4+ 




















Beds Series ILI. 
(New Beds) 
Filtrate from 4 Acre oa ae re ae 
Bed (at end of dis- 
charge) Series ILI. 
New Beds worked 
6 hours contact 
Filtrate from 4 Acre ee Ac Aon Cetin pik cet dips ete dle ssc ie 
Beds, New Beds 6 
hours contact at 
end of discharge 








6 samples at 100,000 

2 samples at 10,000 ;per c.c. 

1 sample at 1,000 

1 sample less than 1,000 per c.c. 


Averages per c.c. / | 9,020,000 | 1,453,300 








4 


Chief Biological 
Characters of the 
strain of B. Coli 
present in the 
number specified 





- in Col. 3. 
83] a8 ma 
(=) 

BE. |Sec|8 B2c 
San | Melle, 3. 
Fae ih Pe oe el ee 
SSP pet ats | oS 80 
Ce y| SEE /AC Bee 
SH) gees Ses 
ge~| 84 |esa3 
ozs rss Sens 
(a) | (0) 

+ + | +] + 
4 - J+] 4+ 
+ t | +] + 
+ - |+]4+ 
re - |+]+4+ 
+ Sle hehe 
4 + | + |+ 
+] =) ph 


3 out of 9 produced 
both indol and clot. 
1 out of 9 produced 
‘ neitherindol nor clot. 
5 out of 9 produced 
clot but no indol. 








SEWAGE DISPOSAL, 


395 


FROM NEW (NOT MATURE) PRIMARY CONTACT HALF-ACRE BEDS AT MANCHESTER. 














5 6 7 8 
B. say DIS, SPOROGENES OTHER Tests. 
ExPOPET EST: Spores of B. enteritidis sporo- |B.=Acid and gas, bile salt glucose 
a an genes (Klien’s “enteritidis peptone test. 
ay (5 oe only C.) eee change” in anerobic milk N.R.=Greenish-yellow fluores- 
ys : cultures). Cultures heated to cenee, neutral red broth test. 
80° C. for 10 minutes. REMARKS. 

1 | 10 | 100{ 1,000) 10,000) 100,000} 1 | 10 | 100} 1,000/10,000/100,000} 1 | 10 | 100 1,000 | 10,000/100,000 
1 | ‘1 } 01] 001! 0001] 00001; 1 | ‘1 | 01} 001 | -0001 | 00001 | 1 | +1 | 01 | -001 | -0001 | 00061 

Me ie0. 1C.C.| Gc. | orc. Gey 9) 0.0. 10.621 6.) ser, eore. faot.c. | ere fe.c.| cles }-@.c. || 6.6, | ot.e, 


4 samples at 100,000 
3 samples at 10,000 
1 sample at 1,000 
2 samples at 100 


per c.c. 

















4 samples+ ‘le.c., — ‘Ol c.c. 
2 samples+le.c., —-lec. 






































Bile Salt Glucose Peptone Test. 


3 samples at 100,000 
3 samples at 10,000 | per C.0: 
1 sample at 1,000 


Neutral-Red Broth Test. 


5 samples at 100,000 


1 sample at 70,0004 PELs 


a a a a nc nen Se eran 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE EFFLUENTS 


1 


DESCRIPTION OF THE SAMPLE. 
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“a 


ROYAL COMMISSION ON 


3 


+ 





Total Number of 
Bacteria in 1] ¢.c. 











Number of B. Coli (or closely 
allied forms) in 1 c.c¢. 


























Chief Biological . 
Characters of the 
strain of B. Coli 
present in the 
number specified 





in Col. 3. 
| Se 
| aa 2] nm 
Time of Collection. 1 | 10 | 100 1,000 10,000,100 000 22°82. /5 #2. 
nage 4 2 "i —___| BBS] Geo |e, fed 
Tal. | Other Details. “| Gem ine 2a) ot ed a eaiey g23| Oss |382ab 
| pour, [BIS 3 ") SF | | 1 | OL | 001 | 0001) 00001 | Gee] See | S2ESe 
° SIS = "a 2 
A =I ne ‘ C.C. |iCsC.) jaesC. | Ces | Gey C.C. bes Ae Sea 
BED A. (a) | (2) 
1 |4.30-5 p.m.}25) 4)1902) Effluent from Bed A. 170,000 24,000 23. Ee ltece hee 
2 ma eA) Mn HP ee 8 ek 3g OS 
3 (210). 2, 120g ee igi J tcceteee 
Expl. 
4211) 5.5 2 Sazaisies ek Sea Pee PR (Fe 
5 (212) — LG) Or, ‘ fs if oy ee ee: 
6 | 2.45 p.m. |10}10}1902 ¥ - if 3,100,000} 200,000 ie peed tee + + = a) 2 
(Just after 1st discharge. 
2 13.0 pm. 17101; iF “9 -f 1,200,000} 240,000 sepa de muece + - Ap i 
( discharged. ) 
8 | 2.45 p,m. |23/10) ,, 4 s 5 6,600,060} 1,100,000 Sab ieoe Tete + + +i 
(+ discharged. } 
9 | 2.45 p.m. |28/L0} ,, bs a r 4,700,000 500,000 a ae ck + + — Sm ol Re 
(+ empty.) : 
10 | 3.15 p.m. | 2/12) ,, a of # 650,000 60,000 weeckh aes EN + = Sa ie 
(} empty.) 
11 | 3.45 p.m. | 4/12} ,, 15 5p % 3,600,000 870,000 bes Slane + + - oe (ae 
c (} empty.) | 
12 | 2.45 p.m.|E1| ,, A * En 3,200,000 720,000 Silber @ (ue ae + = beh 
(} discharged.) 
13 — LOU T, As - 5 4,500,000 | 1,500,000 mace dives thee + + = oe hee 3 
(5 minutes after open- 
ning exit valve.) 
2 samples at 100,000 } 1 out of 8 produced 
Averages per c.c. 3,091,111] 579,333 3 samples at 10,000; per c.c. both indol and clot. 
3 samples at 1,000 J 3 out of 8 produced 
neither indol nor clot. 
4 out of 8 produced 
clot but no indol. 
BED B. 
(58) | 9.30-10 | 1} 5j/1902|Efiiuent from Bed B. 5,500 200 + ae = - | - 
a.m, (after long period.) 
(265) — 12}12} ,, |Zown’s water taken [7000] 
for measurement of 
capacity taken at end 
of discharge. 
BED C. 
1 |11. Oa.m. |18} 3/1902) Effluent from Bed C. 220,000 19,000 + a = sake | fo 
(last drainings) 
2 | 10.35:a.m.419} 3} ., . Pi - 8,100,000] 210,000 Bie ae S Fe ae 
(first discharge). 
3 11.5a.m. | 3} 2/1903 3 - a 40,000 a ge ae aa 


errr 
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30M EXPERIMENTAL PRIMARY BEDS (A, B, and C) AT MANCHESTER. 
5 6 7 8 





OTHER Txsts. 
and gas bile salt glucose 
peptono test. 

d and gas,] actose peptone 


B. ENTERITIDIS SPOROGENES T'EST. Ae 

InDoL Test. B. = Acid 
Spores of B. enteritidis sporogenes| yp _ Agi 

Indol in broth cultures direct | (Klein’s “enteritidis change” in oe 


(5 days at 37° C.) anerobic milk cultures). Cultures = Mak 3 
heated to 80° C, for 10 minutes. | N-#-—Greenish-yellow fluores 


cence neutral red broth test. 


: REMARKS, 
10 100 '1,000 10,000 }100,000} 1 | 10 | 100}1,000 |10,000 }100,000] 1 | 10 | 100 }1,000 10,000 |100,000 
—F'l | 01} 001} 0001} 00001} 1] +1 | 01} -001 | 0001} 00001] 1 | ‘1 | ‘01 } -00i | -0001 | -00001 
BP 1C.C.|C.c.| C.C, | 6.¢. cc. |¢.c.| ¢.c.}¢.¢.} cc. | ec. cc. |¢.C.]C.c.]¢.c.| cc. | cc. | c.c. 
Gas Test. 
+ — was aoe Wt Dane eee 5 os OS hak [Sea tess aK nas a. Samples (210), (211), (212) yielded 
NR results as follows :— 
+ | - + 
NR 24 hours. 
4. = a = 210) + ‘Ole.c., — 001 c.c.; 
NR 211) + ‘Ol ¢.e., — 001 c.c.; 
+ | = “at ies ee Ra gasgelia tes oe + _ 212) + ‘lee, — ‘Ol cc; 
NR 
+ _ sis + _ 48 hours. 
B 210) + 0001 c.c., —°00001 c.e, 
+f a of = 211) + ‘0001 c.c., —°00001 c.c. 
Bl 212) + ‘O00le.c., - “0001 c.c. 
ste x ae = Ant 
B L Litmus Milk Modified Test. 
=; ata ae aes 
B i Samples (209), (210), (211), (212) 


a 
| 
+. 
- 


gave respectively results as follows: 


a5 ~ Re eas BP Ree He ios ie Pia ab 2d |e nat “ies We, + 00001¢.c.; + 0001 e.c., 
— ‘00001 c.ec.; 








+ = <3 aot 1s +0001 c.c., — 00001 c.c.; 
L + 00001 c.c. 
= a =) as 
2 samples at 100,000 2samples + ‘Olc.c.,—"O0l c.c. | Bile Salt Glucose Peptone Test. Gas Test. 
4 samples at 10,000{ 6, 2 samples + ‘le.c.,— ‘Ol c.c. 1 sample at 10,000) Jo. og The samples examined varied 
2samples at 1,000 es 3 samples at 1,000/ EB “| between :— 
lsample at 100 Lactose Peptone Test. (a) examined after 24 hours, 
1 sample at 100,000 ae PC: C1 ee — OL C.Cr. 
2 samples at 10,000} per c.c. + ‘Ole.c., —O01 c.c. 
2 samples at 1,000 (b) examined after 48 hours, 
Neutral Red Broth Test. + 00le.c., —-000le.c., 
4 Samples at 10,000 per c.c. + ‘0001 ¢.c., —-00001 c.c. 
Litmus Milk Modified Test. 
ee 2 Samples + °00001 c.c. 
cattle iy cab BSCR ee eens ba Bes seg HER eek he a: Ret 55 Kee 2 Samples + -0001c.c., ~ 00001 c.e. 
Peles 7) 
| 
} 
\ 
+ = 
+ — 
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RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE 
1 2 3 4 


Chief Biological 
Characters of the 


Total Number of Number of B. Coli (or closely strain of B coli 
DESCRIPTION OF THE SAMPLE. Bacteria in 1 ¢.c. allied forms) in 1 ¢.c. present inthe — 
number specified 
in col. 3. 





























} es wm m ; 
Time of Collection. | 1 | 10 | 100 | 1,000/10,000|100,000/ 229/33. |. 43. 
< BB | 20d | 5 8a0 
Other details. | Gelatine| Agar a waa 1aeS e $°3|Cob |Bosen 
No. 5 : at 20° C. | at 37°C. | 1 | ‘1 | -01 [001 | 0001 | 00001 | “a | She |Z° RRs 
Hour. = aM | SB @-|eon ee 
5 | Cc] 06.| Ge. }ec, | Ge | Gc | gas] gs |Seae. 
mH | aa is) 3) a 
(a) [ (6) 
1 | 5.15 p.m. 1902} Effluent from Bed D.} 130,000 DT 000 aig sccm cel metoeke eee + = oF oe - | -9 
2 LUO 4am: 3 do. do. 280,000 50,000 + CF + a 
(first flush) ws , 
3 |4.30-5 p.m. rf do. do. 39,000 5,600 Pe unk £2 one P) See ea ee side + = + | =3 
4 5 do. do. 
(229) 
5 ~ do. do. 
(230) Expl. 
6 | 40 pm. f: ers do. do. 
(231) 
7 | 3.25 pm. . do. do. 
(232) 
8 3 do. do. 
(233) 
9 | 4.15 p.m. 3 do. do. 1,600, 000:3)-25300,000 Fo cei tome gone fie 
(drainings) 
10 | 5.30 p.m. f is do. do. 25100,0004 1,200,000 4-52. Maas [i se. Beer eee 2 =H = +e 
11 | 3.0 p.m. 3 do. do. 580,000 (| G240/000 fh wnca | itee lb cee eae a cd +] 
¢ discharge) 
12 | 2.45 p.m. 7 do. do. 4,600,000 | 1,000,000 5 be + 1-3 
i discharge) 
13 | 2.45 p.m, - do. do. 1,300,000 280,000 oF Fie +] +. 
14 | 3.30 p.m. Pp do. do. 460,000 32,000 Be be o ae + - + - + 
15 | 2.45 p.m. +3 do. do. $00,000 -] -300,000 | > ci] ex To cel ees | ee + sy +] - 
16 | 2.40 p.m. 3 do. do. 1,300,000 | °330,0005] (i... |cceteeq® A. Pieomn eis + = k|ocbapede 
17 | 3.15p.m. - do. do. 440,000 80,000 ap gE = ara 
18 {11.5 am. | 3) 2]1908 do. do. Pe 20,000 |. af he cad een ee 
1 sample at 100,000 2 out of 11 produced 
4 samples at 10,000 per c.c both ae and ea 
Cas 5 samples at 1,000 “| 6 out of 11 produce 
Averages per c.c. | 1,185 750 | 372,969 1 sample at 100 neither Jinidol ia 


clot. 
1 out of 11 produced 
clot but no indol. 
2 out of 11 produced 
indol but no clot. 


2 samples less than 1,000 per c.c. 
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FFLUENTS FROM EXPERIMENTAL SECONDARY BED D AT MANCHESTER. 





5 6 i 8 
B. ENTERITIDIS SPOROGENES T'EsT. adi int ts 
INDOL TEST. B. = Acid and gas, bile salt glucose 
Spores of B. enteritidis sporogenes peptone test. 
Indol in broth cultures direct (Klein’s “enteritidis change” in |L.= Acid and gas, lactose peptone 
(5 days at 37° C.) anzrobie milk cultures). Cultures test. 
heated to 80° C. for 10 minutes. |NR—Greenish yellow fluorescence, 
neutral red broth test. REMARKS. 








| 
1 | 10 | 100} 1,000 an 100,000) 1 | 10 | 100} 1,000; 10,000) 100,000} 1 | 10 | 100} 1,0°0| 10,000} 100,000 














l ‘1 | ‘01 | 001 | 0001 ; 00001 | 1 | *1 | -01/ 001 | ‘0001 | 00001; 1 | ‘1 | 01 | 001 | -0001 | -00001 














.C. | C.C. }C.C.] Cc. | 6.¢. Gm IG2C:)C5C, | Cre | exe. |) Coc: c.c. |e.c.]c.c.}¢.c.} ¢c. | ec. c.C. 
| 
+ eS mee aes il ae Be = ae A a | dare uhh ie ie Gas Test. 
e Samples (230), (281), (232), (283) 
‘ gave results as follows :— 
ot = ao Ane 24 hours. 
N R (230) + ‘Ole.ce., — ‘001 cc. 
Se + — (231) + ‘Ole.ec., — ‘001 c.c. 
NR (232) + ‘lee, — Ol ce. 
+ } = : + (233)) = I cic) ae (Ol cece: 
Ls hae 48 hours. 
ta as x = (230) + ‘O0lec, — ‘0001 cc. 
: me (3 (231) + :0001 ¢.e., — ‘00001 c.c. 
4 es (232) + ‘Oleae, — ‘001 cc. 
2 % ite "i (233) + ‘001 ¢.c., — °0001 c.e. 
B L 
+ + | + - 


Litmus Mik Modified Test. 





BiL 
+ Cae ee + Samples (229), (230), (231), (232 
BL (233) yielded results respectively 
at Sa) RTP come se ba eran ec te em [Meee ele: Sle oo. ... | as follows :— 
is eget 1 + 0001 e.c., — “00001 cc. 
= . + 0001 e.c., — *00001 o.c. 
vi D ba = af + 0001 ¢¢., — ‘00001 c.c. 
if : + ‘0001 e.c., — -QU001 e.c. 
+ eae A ane ena a died (a ae Sor a = + 0001 c.c., — QO00L cc. 
iL 
+] - kin aes _ 
L 
Ca t= +] = 
+ ae 
+ — 
3 samples at 100,000 1 sample + ‘Olce.,—‘O0l cc. | Bile Salt Glucose Peptone Test. Gas Test. 
*3 samplesat 10,000 3 samples + ‘lee., — ‘01 ce. The samples examined varied 
4 samplesat 1,000 ie eel sample + ‘lee., —‘l ce. : ae a ae per ¢.c. between :— 
3 samples at 100 Digan : 
1 sample less than 1,000 per c.c. (a) examined after 24 hours. 
Fee} C2 ste —4 OL Chea, 
Lactose Peptone Test. + ‘Ol ¢.c., — 001 c.c. 
2 samples at 100,000 (6) examined after 48 hours. 
4 samples at 10,000 ; per c.c + Olec., —- O0l c.c., 
1 sample at 1,000 + °0001 ¢.c., — ‘00001 c.c. 
1 sample less than 1,000 per c.c. 
Neutral Red Broth Test. Litmus Milk Modified Test. 
lsample at 100,000 \ All 5 examples examined. 


4samples at 10,000 f Eee gant + -0001 e.c., — *00001 c.c. 


RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE 





DESCRIPTION OF THE SAMPLE. 
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2 


Total Number of 




































Number of B. Coli (or closely 
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3 


allied forms) in 1 ¢.e¢. 











4 


Chief Biological 

Characters of the 

strain of B. Coli 
present in the 





Bacteria in 1 ¢.c. number specified 
in Col. 3. ¥ 
we a “4 4 
oO. we 2 + 
| Time of Collection. 1 | 10 | 100/1,000 | 10,000] 100,000 EEN qo 5 oe A 
¢ EBSa SHS|s neo te 
No. | 3 | ; Other Details. eee oe ali ad ot eee | Cos 3 53 Se ai 
Sa TS ee ape | 81 C- | 1) a | -01| -001 | -0001 | -00001 | “ex | #g2|*O 8 a5] 
enh 4 g Be c.c.}¢.c.|cec.| ce | ce. 245 gs SSH2 : 
f : nN a ~~ 9 
CONRGN 
l ll a.m. {18} 3/1902} Effluent from 320,000 27,000 + + + | + 7s 
Stoddart Filter 
2 9.45 to [29/4] ,, do. do. - Norecord| 130,000 + + = +41 = 
10.15a.m. : 
3 9.30to {| 1/5] ,, do. do. 1,400,000 | 100,000 + = + | a2 
10 a.m. 
4 3.15 to |19/5] ,, do. do. - 5,400,000 | 1,400,000 + + = ae 
3.30 p.m. 
5 3.30 p.m. | 4/6] ,, do. do. 9,100,000 | 1,500,000 + + + + | + Fe 
6 (249)} 12/8) ,, do. do. 
7 (250)} 45 p.m. (2718) ,, |. do. do. 
8 (251)) 3.35 p.m. | 219] ,, do. do. 
9 (298)} 2.40 p.m. |19} 2/1903 do. do. 1,400,000 + | No Rlecor|ds 
10 8/9/1904) do. ilo. 
ll | &30to [14/9] ,, do. do. 
4.55 p.m. 
2 samples at 100,000 3 out of 5 produced | 
2 samples at 10,000 }pere.e. | clot but no indol. 
2 samples at 1,000 2 out of 5 produced 
neither indol nor . 
clot. : 
Roscloe| Cloke | Filter. 
1 (25) | 4.45 p.m. |13] 3/1902} Roscoe Coke Filter 130,000 50,000 + + + +] + . 
Effluent (after 
chemical  treat- 
ment) 
2 (43) | ll a.m. {10} 3} ,, " 900,000 52,000 - 
3 (238)) 11.20 a.m.}26/11) ,, » 4 empty |No record. 560,000 + - |+]- 
4 (7) 3} 9119041 Coke Bed Effluent ; 
(Roscoe experi- 
mental filter) 
Roscloe| Chindelr Filter. 4 
I (26) | 4.45 p.m. |13} 3/1902) Roscoe Cinder Filter | 1,300,000: 55,000 + + meine ha 2 a 
(after chemical ; . 
treatment) . 
2 (42) | lla.m. [19] 3} ,, $5 1,100,000 52,000 = 
3 (237))11.20 a.m.|26/11] ,, », ¢ empty |No record.| 790,000 B a e as Ae | 
4 (4) 3} 9/1904] Cinder Bed Effluent : 
(Roscoe _ experi- 
mental filter) 
D\u\n\bar | Filter. ) 
{ 
1 (15) 4 to 8} 9]1904) Dunbar Filtrate nye 
4.30 p.m. (heavy rain in 
morning) 
2 (23) | 3.30 to {14} 9! ,, | Dunbar Filtrate 
4.15 p.m. 


Filtjer|ed| Elffluents. 
I (257,| 3.15 p.m. |11} 3/1902] Filtered Effluent 


22) 
2 (258, 12 noon [28/11] ,, | Filtered Effluent 
241)! from No. 1 Bed 

3 (259,|3 to 4 p.m.} 8/12} ,, | Filtered Effluent 
263) from No. 5 Bed, 

zempty | 

- 

New |Plrilmarly Beds. 

(60) 23/11/1904] Filtrate from New 


Primary Beds 


(Drainings) 


7,000,000 | 1,400,000 
2,100,000 
10,000,000 | 3,000,000 
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EFFLUENTS FROM. THE STODDART FILTER AT MANCHESTER. 
5 6 7 8 








B. ENTER S aNE aST. 
ENTERITIDIS SPOROGENES TEST Orner Tesss. 


Inpou TEst. 
a Spores of B. enteritidis sporogenes| B.= Acid and gas, bile salt 
Indol in broth cultures direct (Klein’s “ enteritidis change ” in glucose peptone test. 
(5 days at 37° C.) anerobic milk cultures). Cultures} N.R. = Greenish-yellow fluores- 
heated to 80° C. for 10 minutes. cence, neutral red broth test. 
REMARKS, 


Ce ais paste] Th 
} 1 | 10 | 100} 1,000} 10,000) 100,000; 1 | 10 | 100} 1,006} 10,000] 100,006] 1 | 10 | 100} 1,000} 10,000) 100,000 








1 | ‘1 | 01 | -001 | 0001 | 00001} 1 | *1 | O01 | -001 | 0001} 00001 | 1 | ‘1 | ‘01 | °001 | ‘0001 |00001 
Bren C-.C. | C.C.|-C.c. | Cc. GiGi 1C-C.11C.C. |G. | C.cy | C.C, Os Gan CeCe Cr Cn | (CoCo kes Comer CsCe C.@. 


Litmus Milk Modified Test. 


+ 
I 


+ ~ Samples (249), (250), (251) yielded 
results respectively as follows :— 


Bae licemen'| ease ase a ae Beir pac taue an te bebe siete she tae. 
na =: + ‘0001 ¢c.c., -— ‘00001 c.c. ; 
B + *0000i c.c. 


Gas Test. 


+ + + 
i 
+ 
I 


4. 
wy? 


Samples (250) and (251) yielded 
+] - Rest l) Rees Baers Tac Poseea Pease ee + ~ results as follows :— 


1A 
=] 


eae Mess. fess pitlinccs Wace fa 2 & Wier Arial nenccedd (ieee bade Rerasnne RR eBe + 24 hours. 
(250) + -Ol c.c., — 001 c.c. 
es (251) + ‘lec, = Ol ce. 


48 hours. 
N R8 | (250) + -001 c.c., - -0001 c.c. 
i - ae Se Bee caer (loeae Sige meant + (251) + 001 c.c., — ‘0001 ¢.c. 


+ 


3 samples at 60 | 2 samples + ‘01 ¢.c., — 001 c.c. Bile Salt Glucose Peptone Test. 
per c.c. 


92 samples at 1,000 3 samples + ‘1 c.c., - ‘01 c.c. 1 eatit 

ple at 100,000 

Sia hts Some Se 1 sample at 10,000 ;per c.c. 
1 sample at 100 


Neutral Red Broth Test. 


3 samples at 100,000 
2 samples at 10,000 } ag oe 





N R 
N R 
Jaa = bathe as Peace ot. + 
Ni R 
ha PEAR = 2h ae RT ae Pe re 
Nii, BR 

N E 
ee end an | eras See Bee Pm Se +. = 


—App. IV. 3 I 


ND: 


b 


2. 


Or 


6° 


RESULTS OF THE BACTERIOLOGICAL EXAMINATION OF THE 


DESCRIPTION OF THE SAMPLE. 
STORM BEDS. 


No. 


Pe Ww bw 





10 
ll 
12 


13 


14 (3) 
15 (13) 


6 (20) 


17 (27) 
18 (34) 


19 (51) 


20 (55) 
21 (61) 


22 (65) 
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Total Number of 
Bacteria in 1 cc. 





Time of Collection. 


Hour. 


Day. 
Month. 


lL, 
. (30, 9 


5 p.m. . |17],, 





4.30-5 p.m. 


3.35 p.m. 


3.45 p.m. 


29 199 


2.30-3p.m.| 8',, 





3.25 p.m. |29) 1 


11.17.a.m. |30) 1 
3.15 p.m. | 3} 2 


3.15 p.m. |,, 


| 
v2 





4.15 p.m. |14| 9 


2.30-3.30 
p-m. 


20) 9 





27| 9 


26)10 


2.15-4p.1.}15}11] 


23)11 


3.30-4 p.m. |29}11 











Other -Details. 


Year. 


1902] Effluent from Storm 
Water Bed - - 

» | Effluent from Storm 
Bed, Nos. 12 & 7. 

», | Effluent from Storm 
Bed - - - 

» | Effluent from Storm 
Bed, No. 3 recent 
construction (first 
discharge) - - 

» | Effluent from Storm 
Bed, 8 and 12 (first 
discharge) - 

», | Effluent irom Storm 
Bed (lst discharge) 


2| ,, | Effluent from No, 12 


Storm Bed (con- 
tinuous flow) - 

», | Ethuent from Nos. 4, 
5, & 6 Storm Beds 
(recently started) 

», | Ethuent from Nos. 8 
and 12 Storm Beds 
(1st flush) - - 

Effluent from Nos. 8 
and 12 Storm Beds 

»» | Effluent from Nos. 7, 
8, 11, and-12 Storm 
Beds - 

» | Effluent from No. 12 
Storm Bed ioe 
empty) 

», | Effluent from No. 7 
Storm Bed (fires 
flush) - - 

Storm Bed efinent 
Bed, empty = - 

3 Storm bed filtrate 
(average of pasteny 
area) -- 

», | Storm bed filtrate, 
west area (first 
after opening exit 
valve) - - 

», | Filtrate from Mean 
beds, westerly area 

» | Filtrate from storm 
beds (west area), 
20 minutes after 
opening valve’ - 

», | Storm -Bed filtrate 
(westerly area), at 
end of discharge - 

», | Storm Bed, west 
average - 

», | Filtrate from west! 
ern area of storm 
beds (towards end 
of discharge) - - 

», | Filtrate from west- 
erly area of storm 
beds (immediately 
after opening exit 
valve) - - . 


Averages per ce. - 





Gelatine 


at 20° C. 


10,000,000 
5,300,000 
5,300,000 
2,900,000 


390,000 


5,900,000 
2,600,000 


4,700,000 
2,300,000 


400,000 
1,100,000 


3,717,272 





2,600,000 
1,400,000 
‘1,100,000 

800,000 





68,000 


~ 600,000 
240,000 


1,700,000 
340,000 


10,000 
63,000 


40,000 


61,000 


Number of B. Coli (or closely 


ROYAL COMMISSION 


ON 





(The majority of the samples were 


| 


allied forms) in 1 ¢.c. 


! 


694,000} 1 sample at 100,000 


4 samples at 10,000 
6 samples at 1,000 
1 sample at 100 


1 sample less than 100 per c.c. 


; 


oh ‘- 
+ 
A 
i 
4- 
3 out of 12 produced 
both indol and clot. 


per c.c. 


4 


a | ° Chief Biological 

Characters of the 
strain of B. Coli 
present in the 
number specified 


in Col. 3. 












obs | cad ihn. 5 Bt 
1 | 10 | 100 | 1,000|1 0,000] 100,000] 2 2: 2316 85, 
S35 : 7] ia ; Hos 
=o 
1 | -1 | -o1 | -001 | -0002 | -00001 242] S53] oo8s8 
Cc. |"e.c.; ISe.c) "ee." C.es eee; 53% aa | ieee 





elot, 


alkali. 


3 out.of 12 produced 
neither indol nor 


3 out of 12 produced 
clot but no indol. 

2 out of 12 produced 
indol but no clot. 

1 out of 12 produced 
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EFFLUENTS OF THE STORM BEDS AT MANCHESTER. 


not collected during wet weather.) 
5 6 7 











B. ENTERITIDIS SPOROGENES TEST. 


INDOL TEST. 


Spores of B. enteritidis sporogenes 
(Klein’s ‘‘ enteritidis change” in |L.= Acid and gas lactose peptone 

anerobic milk cultures). Cultures 
heated to 80° C. for 10 minutes. 


Indol in broth cultures direct 
(5 days at 37° C.) 


8 
OTHER TESTS. 
B.= Acid and gas, bile salt glucose 
peptone test. 
est. 
N.R.=Greenish-yellow fluores- 
cence, neutral red broth test. REMARKS. 


1 | 10 | 100 | 1,000) 10,000) 100,000} 1 | 10 | 100} 1,000) 10,000} 100,000} 1 | 10 | 100} 1,000 1,010 100,000 








1 | ‘1 | 01 | 001 | 0001 | 00001 | 1 | ‘1 |°O1 |-001 | 0001 | 00001 | 1 | *1 | :01 | °001) 0001 | ‘00001 
.c.|C¢.¢.|C.c.| c.c. | cc. @C.. | 6.C. /€:0,- 1650.) 0.0: |» ¢.¢. C.On- POG, ] CC. FCCC] Coe: Bie 
a = B L 
+ + 
“ BL 
+ —_ 
+ = B L 
+ as 
- L 
+ pa 
+] = L 
+ _— 
+ =— 
+ —_ 
oa ~ 
+ 
+ -_ > 
+ — 
p ay = : NR 
ate = 
=e = “fe N RB 
+ 
ue “_ : NR 
+ 
as NR 
+ _ 
+ = 508 NR 
+ 
rte og WB 
+ 
se = Nk 
+ — 
ae = NR 
; +|- NR 
+ =- 
2 samples at 100,000 6 samples + ‘le.e., — "Ole.c. Bile Salt Glucose Peptone Test. 
4 samples at 10,000 \ per 3 samples + le.c., -*le.¢. 3 samples at 10,000 per c.c. 
6 samples at 1,000 C.C. 


1 sample at 100 Lactose Peptone Test. 
. 2 samples at 100,000)... 
2 samples at 10,000 


L sample at 1,000 


Neutral Red Broth Test. 
4 samples at 100,000) |... 
4 samples at 10,000 }P® 
1 sample at 1,000 
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Samples 1 to 13 (inclusive) were 
derived from beds which, at- the 
period at which these samples were 
taken, were dealing in dry weather 
mainly with chemical effluent. 

Samples 14 to 22(inclusive) were 
derived from the same beds as sam- 
ples 1 to 13, but the beds, during 
the period at which the samples 14 
to 22 were taken, were dealing in 
dry weather with settled sewage. 

N.B. In time of storm the whole 
of the storm sewage (apart from 
that passing through the septic 
tanks) is passed through settling 
tanks and the storm beds deal with 
the effluent from these tanks. 


Wet weather. 


Wet weather. 


Wet weather. 
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MANCHESTER. 


SUMMARY OF RESULTS. 


SECTION I. 
RAW AND SETTLED SEWAGE. 


ToraL NuMBER OF BACTERIA PER 0.0. 


(a) Gelatine at 20° C. 

42 Samples. 
Average Number 10,036,666 per c.c. 
Greatest Number 32,000,000 
Least Number 200,000 - 
20 Samples (about 48 per cent.) contained at least 10 million per c.c. 
19 Samples (about 45 __,, Ss i 1 million 

3 Samples (about 7 7 


” 


” 


” ” 100,000 ” 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
‘ Manchester Raw and Settled Sewage. 
Total number of bacteria (gelatine at 20°C.). 


1l0million¢$¢+¢¢4$4+4¢%44464446464644646464446446464046446464954 
$+ ete + HHH HO H+ + > S about 48 per cont. 


Iniliné¢+++ ooo 4H+4+ +444 4444+ HHH HHS HH HH 
$+ ¢ $$ + ¢ + @ + @ about 45 per cent. 


100,C00 ¢ @¢ @ @ @ D > about 7 per cent. 


(6) agar at 37° C. 


48 Samples. 
Average Number 2,379,625 per c.c. “ 
Greatest Number 13,000,000 
Least Number 32,000 i 
1 sample (about 2 per cent.) contained at least 10 million per c.c. 
31 samples (about 65 ___,, ) Ph Ps 1 million . 
12 samples (about 25 __,, ) ¥ - 100,000 2, 
4samples(about 8 _,, ) * - 10,000 . 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Raw and Settled Sewage. 
Total number of bacteria (agar at 37° C.) 
10 million © @ about 2 per cent. 
Imilineé? $+¢ +++ HH 4 HHH HHH HHH 4H HHH HH HHH HHS 


i i i in in i ls i i i i a i i a ee a Se > Se eS 
> > @ @ about 65 per cent. 


100,00 ++ HHHHHHH HHH HHH HHH HHH  S S About 25 per cent. 
10,000 @ @ @ @ @ @ about 8 per cent. 
Manchester Raw and Settled Sewage. 


* B. Cort Test.—Number of B. coli (or closely allied forms) in 1 ¢.c. 


49 Samples. 
33 Samples (about 67 per cent.) contained at least 100,000 per c.c. 
9 Samples (about 18 Mees fh _ a 10,000 __,, 
6 Samples (about 12 ieee) * | 1,000_,, 
18 Samples (about 2 ,, ) - less than 1,000 _,, 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows : 
Manchester Raw and Settled Sewage. 
B. Colt Test. 


100,000 +++ +4444 44444444444 HH 4 
; ++ eo ooo eee oe ee ee oo + 
¢ + + @ © @ about 67 per cent. 


10000 $+¢+% $+ HHH OO OO OO  $ About 18 per cent. 
1,000 $$$ % %$ O  @ @ @ @ @ about 12 per cent, 


About 2 per cent. negative result with + 


| 


+++ +++ H+ > 
+++ +++ ¢ o + 


1 
000 ©°. 


With regard to the biological attributes of the B. coli or coli-like microbes isolated from the samples, about 
26°6 per cent. were, on the basis of the tests employed, typical B. coli. 


* As regards the B. coli, indol, bile salt glucose peptone, lactose peptone, neutral red broth and litmus milk modified 
tests, it is to be noted that the tests were not pushed beyond zy 545, ¢.¢. 
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Invon Trsr. 
49 Samples. ’ 
23 Samples (about 47 per cent.) contained at least 100,000 per c.c. 
17 Samples (about 35 war %) a A 10,000, 
9 Samples (about 18 rhs) . " 700 lar. 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 

Manchester Raw and Settled Sewage. ’ 
Indol Test. 

10000¢+ + HHHHHHHHHHHHHHHHHH HHH HH HHH HHH 

$$$ +++ +O >  & about 47 per cent. 

10,00 $+ $$ $+ H+ HHH HHH HHHHHHHHHHHHH HHH HFS 
> @ > about 35 per cent. 

1,00¢++ +++ $$ + > @ about 18 per cent. 





Manchester Raw and Settled Sewage. 
B. Enrzrrrpis Sporocknes Tzst. 


26 Samples. 
10 Samples (about 38 per cent.) at least 1,000 per c.c. (+ ‘001 ¢.c.) 
16 =, «(about 62 Se holes Ops 22, (+ ‘01 c.c.) 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Raw and Settled Sewage. 
B. Enteritidis Sporogenes Test. 
10004 44+ ++ HHHHHHHHHHHHHHHHHHHHHHH FH 
> + + @ > @S about 38 por cent. 
10¢+ Fe + HHHoseeoseeseeHeoseseseoseseseseoseseeoo Heese 
! ee-eeeeree ee eee eee eee ee oe eee ooo 
@ about 62 per cent. 


‘BILE Sat ‘Guwcose Pepron= Trst. 


:24 Samples. 
. 14 Samples:(about 46 per cent.) contained at least 100,000 per c.c. 
‘9 Samples (abeut 37 air?) . A 10,000. ,, 
' 4 Samples (abeut 17 i ee: on 1,000 3 


“These results umay be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Raw and Settled Sewage. , 
Bile Salt Glucose Peptone Test. 
100000 HHH HHHHHHH HH HH HHH HHH HHH HHH HH HH 

+++ + H+ HH > > @ about 46 per cent. 

10,000++HHHHFHHHHHHHHH HHH HHHHHH HHH SHH +. 
> ¢ @ @ + about 37 per cent. 

100+ +4+#++¢+t+ + HO > @ H About 17 per cent. 





(Lacnesz Prrtoxs Txst. 
1 Samples. 
10 Samples (about 91 per cent.) contained at least 100,000 per c.c. 
1 Sample (about 9 per cent.) a i My; Sexe 40,000 
These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— ~ 
is Manchester Raw and Settled Sewage. 
Lactose Peptone Test. 

YO00 FHtHHHHH HHH HH HHH HHH HHH HHH ~+++ + 
ttt teeosooeoHTHoeoHoeoro+ + +4444 4 44 6 + 
ln i Ale ie ie i i i i i i i i ee SS 
> & @ sbout 91 per cent. 

' 10,000 + Oo > ¢ @ about 9 per cent. 


) ” 





NevtraL Rep Brornu Test, 


26 Samples, soles 
23 Samples (about 88 per cent.) contained at least 100,000 per c.c 
3 Samples(aboutl12 , ) ns 10,000 7d *% 
These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Raw and Settled Sewage. 
Neutral Red Broth Test. 

100,00 ++ HHH 44444444444 444444 $+ ++ + + 
le i i ie i ie i i a a > ae > EP SP $+ + + + 
le ie i i ie i i i a a a ee ae ae are ¢+¢ ¢¢ 
# about 88 per cent. 


10,000 $$$ $$ % OO © @ @ about 12 percent. 


>> 
¢ + ¢ 
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Litmus Mitx Mopirrep TEstT. 


6 Samples. : , 

5 Samples contained at least 100,000 per c.c. (+ °00001 c.c.): 

1 Sample as + 10,000 ” (+°0001 c.c.) 
Gas TEsT. 

5 Samples. : 
a) 24 hours at 20° C. 


2Samples +°01 ¢.c.,—°001 ¢.c. 
2 Samples +°001 c.c.,—°0001 c.c. 
1 Sample +°0001 c.c.,—°00001 c.c. 


(6) 48 hours at 20° C. 


2 Samples +°0001 c.c., —°00001 c.c. 
3 Samples +°00001 c.c. 


SECTION II. 
SEPTIC TANK LIQUOR. 


TotaL NUMBER OF BACTERIA PER C.C, 


(a) Gelatine at 20° C. 49 samples. 


Average Number 6,010,265 per c.c. 
Greatest Number 18 000, 000 
Least Number 83, 000 = 


12 Samples (about 24 per cent.) contained at least 10 millions per.c.c. 


” 


30 Samples (about 61 __,, ) Se = 1 million = 
6 Samples (about 12 _,, ) be i 100,000 bs 
1Sample (about 2. ,, ) =, 3 10,000 


” 
These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 


Manchester Septic Tank Liquor. 
Total number of bacteria (gelatine at 20° C.). 
10 milin #444444 #4 oh ee oo + > 4-H about A por cent. 
Imilin?é @¢€4+ $$ $$$ 4446464464444 464464¢44 ¢ 
+ 


SHH HH HHH $4 64.46.6646. 44.6.%.% 41% 
+ + about 61 per cent. 


100,000 $$$  @ & @ @ + about 12 per cent. 
10,000 @ + about 2 per cent. 


+ 
+ 





(6) Agar at 37° C. 66 Samples. 


Average Number 1,049,946 per c.c. 
Greatest Number *g. 300, 000 


? 
Least Number 2,000 
21 Samples (about 38 per cent.) ‘contained at least 1 million per c¢.c. 
26 Samples (about 46 PN od _ = 100,000 - 
8 Samples (about 14. 5, . .) a 10,000 155 
1Sample (about 2 .,,  ) 5 = 1,000 


” 
, These results.may be illustrated by. a:diagram (each dot represents.one per cent: of the samples):as-follows :— 
Manchester Septic Tank Tnquor. 
Total number of bacteria (agar at 37° C.) 
1 milin¢é ¢¢$¢4¢4¢44¢46406%446464464464646464646464064¢4444444 
¢ + @ > about 38 per cent. 

100,000++ $+ $+ +++ ¢ SHE HHH HHH HHH Hes eseesees 
$+ H+ +H H+ OH OH about 46 per cent. 

10,00 $+ $$$ $$$ OH @ about I4 per cent, 

1,000 © @ about 2 per cent. 





B, Cort Test.—Number of B. coli (or closely allied forms) in 1 c.c. 


56 Samples. 
33 Samples (about 59 per cent.) contained at least 100,000 per c.c. 
11 Samples (about 20 __,, ) +3 be TODO. sie: 
8 Samples (about 14 _ ,, ) * 3 1,000 «,, 
1 Sample (about 2 e ) v = 100 aes 
1 Sample (about 2 & ) “i Be 10, 
2 Samples (about 3 s ) 3 less than 1,000 per ec.e. 











* Whewthis sample was taken the tank had been recently re-started. 
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These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Septic Tank Liquor. 
B. Coli Test. 


100000 + +HHHHHHHHHHH HHH HHHHHHHHHH HHH HY 


SHH HEH HHH SEH HH HH HH OH HH HH HH H+ dboilt 
59 per cent. 


seis S44 + + 4.4 + 4 414.4 4.4 4 4 + about 20 per vant, 
1000+ HH HHH HO > @ about 1/4 per cent. 

100 @ @ about 2 per cent. 

10 @ @ about 2 per cent. 
About 3 per cent. negative result with ygbq ¢.¢. 


With regard to the biological attributes of the B. coli or coli-like mar OES isolated from the samples, about 0 
per cent. were, on the basis of the tests employed, typical B. coli. 


Inpou TEstT. 


55 Samples. 
24 Samples (about 44 per cent.) contained at least 100,000 per c.c. 


14 Samples (about 25: __,, ) re % 10, 000 Rs 
13 Samples (about 24 __,, ) 1008s os. 
2 Samples (about 3 5 ) contained less than 1 000 : 
2 Samples (about 3 e ) ¥ ¥ Oe 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows:— 
Manchester Septic Tank Liquor. 
Indol Test. 


eee Tt Chet + FOTOS Hee ee eae + +14 + + 
$+ $+ ¢ > OO > @ S about 44% per cent. he 


1000¢¢ +++ $$ + H$ HHH HHH HHH SHS HS SH SH S about 2 per cent. 
lO0 HH HHHHHHHHH HHH HHS HHH HH S S About 2 per cent. 


About 3 per cent. negative zyp ¢.c. 
About 3 per cent. negative 74 c.c. 


B. ENTERITIDIS SPOROGENES TEST, 


20 Samples. 
2 Samples (about 10 per She contained at least 1,000 per c.c. (+°001 c.c.) 
13 Samples (about 63 __,, . 2 100 4, (+ ‘Ol c.c.) 
5 Samples (about 25 _,, ; es a 10.5 gar (+. rec.) 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as eoree _ 
Manchester Septic Tank Liquor. 
B. Enteritidis Sporegenes Test. 
100 ¢¢ $$ @¢ @ @ @ @ @ about 10 per cent. 


10+ +H HHHHHH HH HH HHHHHHHHHHHH HHH 
+e eo e+e ee ee eee eee HHH %oe Hee HoH 
> @ @ about 65 per cent. 


0t++ ++ He HHH %o%oHHHHHH HHH HH SH SH About 25 per cent. 


++ 
++ 


+ 
$+ 


BitE Satt Giucose PEPTONE TEST. 


29 Samples. 
10 Samples (about 34 per cent.) contained at least 100,000 per c.c. 
7 Samples (about 24 sae) - 10,000. ,, 
10 Samples (about 34 ae) Ee ay 1.000. 5 
2 Samples (about 7°, ) 5 -“s 100° 13 


These results may be illustrated. by a diagram (each dot represents one per cent. of the:samples) as follows :— 
Manchester Septic Tank Liquor. 
Bele Salt Glucose Peptone Test. 


100,00 $+ 6+ HHH HH HH SCHHHHHHHHHHHHHH HHH + 
about 34 per cent. 


10,000  & °O°O' $94 OO + OOOH O OS O @ about 24 per cent. 


“1,000 $$ HOO + HH HHH HH HHHHHHHHHHHHH HH HH 
+  @ about 34 per cent, 


100 & ¢ @ @ @ @ @ about 7 per cent. 
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LactosE PrpronE TEST. 


mples. ; 
aE 8 Samples (about 61 per cent.) contained at least 100,000 per c.c. 
4 Samples (about 31 tae) “* rf 10,000 i" 
1 Sample (about 8 Ay Lee a Pe 1,000 Me 


These results may be illustrated by a diagram (each dot represents one per cent. of the samp es) as follows :- 
Manchester Septic Tank Liquor. 

Lactose Peptone Test. 
100,009 ¢¢ @¢ ¢ S$ $e oe Poeeoeeosoee+ee eo > > 


¢$¢+-+¢+?e 
$e-e-e $e $e HHH +H Ho oesreesoe oe eee S$ 
+ about 61 per cent. 


10,000¢ +++ H+ HHH H+HHHHHHHHHHHHHH +H +H +H 
about 31 per cent. 


1,000 ¢ @¢ @ @ @ @ @ @ about 8 per cent. 


++ ¢ 
¢$¢+ + 


NevutraL Rep Brotx TEst. 


19 Samples. . 
13 Samples (about 68 per cent.) contained at least 100,000 per c.c. 
6 Samples (about 32 543) ieee " = 10,000"; 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Septic Tank Liquor. 
Neutral Red Broth Test. 
100,00 $$$ 4446446444446 44¢44 
+ 


$+ ee HHH eeoeoeoer+o+o HHH HHH 
++ ¢ ¢ + O @ @ @ about 68 per cent. 


0.00 FH HOH H HEHEHE EH HHHFE EHO HEHE ES HHH 
about 32 per cent. 


++ 
++ 


+ 
++ 


Litmus Mitx Mopiriep TEst. 


7 Samples. 
4 Samples contained at least 100,000 per c.c. (+°00001 c.c.) 
3 . * 10,000 , (+ ‘0001 cc.) 
Gas Tzst. 
5 Samples. 


(a) 24 hours at 20° C. 


1 Sample +°1 c.c.—‘01 e.c. 
3 Samples +°01 c.c.—‘001 c.c. 
1 Sample +°001 c.c.— ‘0001 c.c. 


(6) 48 hours at 20¢ C, 


3 Samples +°001 c.c.—*0001 c.c. 
1 Sample +°0001 c.c.—°00001 c.c. 
1 Sample not examined. 





SECTION III. 
CHEMICALLY PRECIPITATED SEWAGE. 


ToraL NUMBER OF BACTERIA PER C.C. 


(a) Gelatine at 20°C. 26 Samples. 


Average Number 11,231,153 per c.c. 
Greatest Number 30, 000, 000 
Least Number 200, 000 


” 


13 Samples (about 50 per cent. } ‘contained at least 10 million per C.c. . 
10 Samples (about 38S si,,_~—C sd); = Ms 1 million 3 
3Samples(about12 ,,  ) ie ‘ 100,000 s 


“These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester sewage, chemically precipitated. 
Total number of bacteria (gelatine at 20° C.) 


l0milin ++ ++ HHHHHHHHHHHHHH HHH HH HH HH HHH 
$+ + HHH HHH HH HO HH  S About 50 por cent. 


lnilon++¢ + +H H+ HHHHHHHHHooHeeoyyeeeoe ey 6 $$ 
++ > >  @ about 38 per cent. 


100,000 @ + @ @ $O @ @  @ @ @ about 12 per cent.. 
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(6) Agar at 37° C. 27 Samples. 


Average Number 3,765,148 per c.c. 
Greatest Number 17,000,000 
Least Number 29,000 


99 


” 
3 Samples (about 11 per cent.) contained at least 10 million per c.c. 
13 Samples (about 48 ey F. 4 1 million ,, 
9 Samples (about 34 ey hs x 100,000 __,, 
2 Samples (about 7 ae oy - 10,000 _,, 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :- - 
Manchester sewage chemically precipitated. 
Total number of bacteria (agar at 37° C.) 
10 million 4 @¢@@ @ @ @ @ @ @ @ about 11 per cent. 
Inilin $+ +++ HHHHHHHoHHHoHHHHHHooeooeoseoseoeeoeoe oe 
$+ $e $e > > + S About 48 per cent. 


100,00 ¢¢ e+ $+ HHHoeoeoeeeseseseeeye oo oeoesesoee eee oe oe 
+ + about 34 per cent. 


10,000 @ @ @ @ @ @ @ about 7 per cent. 





B. Cort Test. Number of B. coli (or closely allied forms) in 1 c.c. 


27 Samples. 
15 Samples (about 56 per cent.) contained at least 100,000 per c.c. 
5 Samples (about 18 edn mn 3 10,000 a 
6 Samples (about 22 ia) = TOU; 
1 Sample (about 4 ee 3 less than 1,000 in 1 c.c. 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester sewage, chemically preciprtated, 
B. Colt Test. 


10000 $+ ++ HHHHHeHHoHHHHHHHHH HHH HHH HHH HH 
$$$ HHH HH HHH HH HHH HH HH HH S  BbOUE 5G percent. 
1000+ $$ +++ %  @ about 18 per cent. 


1000+ +H HHHHHHH HHH HH HHH HH  H AbDUL 2 per cent. 
About 4 per cent. negative result with py, c.c. 


With regard to the biological attributes of the B. coli or coli-like microbes isolated from the samples, about 
33°3 per cent. were, on the basis of the tests employed, typical B. coli. 





InpDoL TESsT. 


27 Samples. ome 
: 15 Samples (about 56 per cent.) contained at least 100,000 per c.c. 


5 Samples (about 18 A ) be cp atte OI hk 
6 Samples (about 22 s ) he Rel ee $000.5) 5. 
1Sample (about 4 a ) . less than 1,000 __,, 


The results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester sewage chemically precipitated. 
Indol test. 


100.00 4+ HHHHHHH HHH HHH HEH HEHHHHH HHH HHHH HS 


~$¢$e- ee $$ ee HH HH HHH HHH SH + OS SS S About 56 per 
cent. 


10,000 ¢+ $e ¢ +++ HHO OOH OO SS about 18 per cent. 
100+ +e $e HHH HH HHH HH HS SS About 22 por cent. 


About 4 per cent negative result with 5955 ©.c. 





B. ENTERITIDIS SPOROGENES TEST. 
4 Samples. 


2 Samples contained at least 100 per c.c. (+ °O1 per c.c.) 
2 Samples ” ” 10 5, C441 ” 


BitE Satt GLucosE PEPTONE TEST. 


17 Samples. 
4 Samples (about 23 per cent.) contained at least 100,000 per c.c. 
10 Samples (about 59 "i ata es 10,000 ss 
2 Samples (about 12 " eee " 1,000 ‘ 
1 Sample (about 6 se, an less than 1,000 __—s, 
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These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester sewage chemically precipitated. 
Bile sa!t glucose peptone test. 
100,00) $4444 HHH HH OHHH HHH OO $ About 23 per cent. 


10,000 +++ +H HHHHHHHHHH HHH HHH HHH HHH HHH HHS 
+r Fe eee ooo ooo Heo eH Ho $+ OO  S About 59 


per cent. 
1,000¢ $+ ¢ % @ @ @ @ about 12 per cent. 


About 6 per cent. negative result with zp per c.c. 





Manchester Sewage Chemically Precipitated. 
Lactose PEprTone TEst. 


6 Samples. ; 
2 Samples contained at least 100,000 per c.c. 
3 Samples i e 10,000 _ 
1 Sample " ; 1,000 
Neutral Rep Brotu Tzsr. 
4 Samples. 
2 Samples contained at least 100,000 per c.c. 
2 Samples ™ - 10,000 i, 
Litmus Mitk MopiFiep Tzst. 
3 Samples. P 
2 Samples contained at least 100,000 per c.c. (+°00001 c.C.). 
1 Sample 2 ds 1,000 . ,, (+°001 e.c.). 
Gas TEstT. 
4 Samples. 


(a) 24 hours at 20° C. 


1 Sample +1 ¢.c., —*1 e.c. 
1 Sample+°1 ¢.c., —’01 ¢. ¢. 
2 Samples+°001 c.c., —'0001 c.c. 


(5) 48 hours at 20° C. 


1 Sample +°1 ¢.c., —O1 c.c. 
1 Sample +-001 ¢.c., —'0001 c¢.c. 
2 Samples + ‘00001 c.c. 


LEE 


SECTION IV. 
EFFLUENTS FROM MATURE PRIMARY CONTACT HALF-ACRE BEDS. 


ToTaL NUMBER OF BACTERIA PER C.C. 


(a) Gelatine at 20° C. 71 Samples. 


Average Number 4,227,464 per c.c. 
Greatest Number 14,000,000 


” 


Least Number 110,000 __,, 

5 Samples (about 7 per cent.) contained at least 10,000,000 
54 Samples (about 76 5p se) + _ 1,000,000 
12 Samples (about 17 Pee 3 s nd 100,000 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Mature Half-Acre Beds. 
Total number of bacteria (gelatine at 20° C.) As 
10 millions # ¢ 44 Eee about 7 per cent. 
Tmilin+44$4444¢646444444444444444¢4 + 


++, 
i ie ie i i i ee a SP a ae Sa ae 
tet HHH HHH Ho + +  Bb0:t 76 percent: 


100,000 +++ 4444 O44 4% 4 & & + & about 17 por cent. 


+++ 
+++ 








(>) Agar at 37°C. 78 samples. 


Average Number 701,391 
jreatest Number 2,900,000 


Least Number 7,500 

23 Samples (about 30 per cent.) contained at least 1,000,000 

44 Samples (about 56 Wd) + a 100,000 

10 Samples (about 13 it ds) e me 10,000 
1 Sample (about 1 weal} _ a 1,000 


—_ SS ae! 


ae 
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These results may be illustrated by a diagram (each dot represents one per cent. of the samples).as, follows :— 
Manchester Mature Half-Acre Beds. 
Total number of bacteria (agar at.37° C.) 


Amillion + 4 $4 $$ $$$ $$$ OOH OHHH OOOH HH OH OO About 
30 per cent. 


100,009 °+%§$+ $$$ 4644+ 6H $$$ HHH HHH HHH HH HHH 
$4 $$ HH HHH HHH HHH HHH HHH SHH About 56 per 


cent. 


10000 ¢%$¢$¢¢ $$ $ © @ about 13 per cent, 
1,000 @ about 1 per cent. 





B. Cort Test.—Number of B. Coli (or closely allied forms) per c.c. 


78 samples, 
31 Samples (about-40 per cent.) contained at least 100,000 per c.c 


24 Samples (about 31 rr) e $ 10, 000 2 
14 Samples (about 18 Fe ) - ; 1,000 5 
2 Samples (about 3 is ) A ‘ 100 # 
1 Sample (about 1 _ ) He 101g. 
5 Samples (about 6 . ) Ss less than 1 000 3 
1 Sample (about 1 Ke ) es ne 100 A 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Mature Half-Acre Beds 
B. Coli Test. 
100,000 @¢¢ +++ HH HHoeeeeoeeoHeeoeoeoseosoeoeoeoeooeo ooo 
+o? ¢ + @ @ about 40 per cent. 
10.00 @+ ++ HHHHHoHHeeoHoeoeoeoo+y ooo Hey ooo oe 
about 31 per cent. 
100 @¢++$ $$ $+ $$$ + + S sbout 18 por cent, 
100 & @ @ about 3 per cent. 
10 about 1 per cent. 


About 6 per cent. negative result with y 959 ¢.c. 
About 1 per cent. negative result with y$5 ¢.c. 


With regard to the biological attributes of the B. coli or coli-like microbes isolated from the samples, about 
13°8 per cent. were, on the basis of the tests employed, typical B. coli. 


Inpo. TEst. 


79 Samples. 
" 23 Samples (about 29 per cent.) contained at least:100,000 per c.c. 
29 Samples (about 37 aye) #) x 10, 000. ,, 
16 Samples (about 20 fa be . 1 000 es 

5 Samples (about 6 . - 2 100 £5) 

1 Sample (about 1 i * 10 .,, 

5 Samples (about 6 3 4 less than 1 000 ,, 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Mature Half-Acre Beds. 
Indol Test. 


1000+ +H HHHHHHHHHHHEHH HHH HHH HHH HH + Bbout 29 
per cent, 


1000¢¢ + $$$ HHH HsoHsosoeoseeeoseoeeoeo+He+o+o+ro+ + 
+ @ @ @ about 37 per cent. 


1004¢¢¢¢+ $+ $$$ $$  H about 20 percent. ash 
100 @ @ @ @ @ about 6 per cent. 
10 @ about 1 per cent. 


About 6 per cent. negative result with jgy5 ¢.c. 





B. ENTERITIDIS SPOROGENES. TEST. 


23 Samples (including all the results). 


6 Samples (about 26 per cent. contained at least 100 per c.c. (+°01 ¢.c ) 
16 Samples (about 70 ,, % i LO nage LP Oe) 
1Sample (about 4 _,, ) een oes Lie lac. G) 
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These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Mature Half-Acre Beds. 
B. Enteritidis Sporogenes Test. 


10+ eo + HH HHHHHHHHHH HHH HHH H+ + SS SS S About 26 por cont, 


l0t++ ++ HHH oooeeee He eH HHH HHH HHH HHH HHH FS 
+++ +e eee +or oreo eee eee eee eee eee + > 
++ > +  O  @ about 70 per cent. 


1¢@ @ @ about 4 per cent. pian 





BILE Sat Grucose Pepronr TEsT. 


36 Samples. 
12 Samples (about 33 per cent.) contained at least 100,600 per c.c. 
12 Samples (about 33 batt.) 7 TQ000 nee. 
11 Samples (about 31 ae ky = - 1.000" eS 
1Sample (about 3 5 ele) é less than 1,000 __,, 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Mature Half-Acre Beds. 
Bile Salt Glucose Peptone Test. 


10000 ++ H+ HHHHHHHHHE HEH HH HEH HEH HHEHHEHHEHHESHHS 
@ + abovt 33 per cent. 


10,00 ¢+ $+ +H H+ HHHHHHHHHHH HHH HH HH HHHHHS 
+ + about 33 per cent, 


1l0oOWO ++ +H HoHHoooeeeeHeseeseeseeo oe Heese Hoses 
about 31 per cent. 


About 3 per cent. negative result with yp ¢.c. 





Lactosrt Perrone TEstT. 


18 Samples. 
6 Samples (about 34 per cent.) contained at least 100,000 per c.c. 
8 Samples (about 45 wee) re - 10,000 __,, 
2 Samples (about 11 ey 8 3 1000) 
1 Sample (about 5 HA 100 55, 


1Sample (about 5 - 3 less than 1,000 _,, 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Mature Half-Acre Beds. 
Lactose Peptone Test. 


100.000 ++ $$ HH Ho %H%o HHH HHH HHH HHH HHH HHH SH FF 
+ > + about 3t per cent. 


100 +¢+ +++ $$$ HHH HHH HHH HHH HHH HHH HH 1H 
$+ $$ OH HH about 45 per cent. 


100 ¢¢ $$ $$ @ @ @ @ about ll per cent. 
100 @ @ @ > @ about 5 per cent. 


About 5 per cent. negative result with i900 ¢- « 





NeutTraL Rep Broru TEst. 


22 Samples (inclusive of all the results). 


12 Samples (about 54 per cent.) contained at least 100,000 per c.c. 
7 Samples (about 32 —_,, ) 5 et &, > 10,000 ~ 4; 
3 Samples (about 14 __,, ) e e 1.00055. 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Mature Half-Acre Beds. 
Neutral Red Broth Test. 
100,000 +++ ++ HH HHH HHH HHH HHH HHH HH HHH HHH HS 
eH HH HHH HHHH HHH HH HH HH + about 54 per ceni. 
1000+ +++ HHH HHH HHH HHH HHH HH HHH HHH FS 


about 32 per cent. 


‘A 
1oOw0 +++ ++ $$$ H+ H+ S$ HS about 14 per cent. 
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Lituus Mitk Mopirrep TEstT. 


7 Samples. 
4 Samples contained at least 100,000 per c.c. (+°00001 c¢.c.) 
3 As 10,000 , (+ ‘0001 ce. 


” ” 


Gas TEstT. 
6 Samples. 


(a) 24 hours at 202° C. 

1 Sample + 1 ¢.c., —‘1 c.c. 

2 Samples + ‘1 c.c., —O1 c.c. 

2 Samples + ‘01 c.c., —"001 c.c. 

1 Sample + ‘001 c.c., —‘0001 c.c. 
(6) 48 hours at 20° C. 

1 Sample + ‘O0L c.c., —‘0001 c.c. 

4 Samples + ‘0001 c.c., — ‘00001 c.c. 

1 Sample not examined. 





SECTION V. 
- EFFLUENTS FROM NEW (NOT MATURE) PRIMARY CONTACT HALF-ACRE BEDS. 


Toran NuMBER OF BACTERIA PER C.C. 
(a) Gelatine at 20° C. 


10 Samples. 
Average Number 9,020,000 per c.c. 
Greatest Number 21,000,000 __,, 
Least Number L 300, iy eee 
4 Samples (about 40 per cent.) contained at least 10 million per c.c. 
6 Samples (about 60 __,, ) ~ ms 1million _,, 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester New (not mature) Half-Acre Beds. 
Total number of bacteria (gelatine at 20° C.). 
10 milin ++ +++ ++ +HHe+o+oeoo+ooHeo+o+H+yyyoysesesoe oe 
$e ¢ ¢ ¢ ¢ @ @ > > about 40 per cent. 
lnilin+?++ +++ +++ oeeeoeoeo eo Hoey yoo oe oe % 
Dl iy i i i i i i i i iin i i di i i i i i i i io 
> + about 60 per cent. = 


++ + 
+++ + 





(6) Agar at 37° C. 


10 Samples. 
Average Number 1,453,300 per c.c. 
Greatest Number 3,400,000 __,, 


Least Number 35,000 .,, 

5 Samples (about 50 per cent.) contained at least 1,000,000 per c.c. 
3 Samples (about 30 __,, ) Fe 3s 100,000 93 
2Samples (about 20 __,, ) ny ee 10,000 a 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 


Manchester New (not mature) Half-Acre Beds. 
Total number of bacteria (agar at 37° C.). 


lmilin+++ ++ ++ +H HHHoo+HHoHoo Ho HeHe Hoo e Hoo oe > 


++ eee eee oe ooo  H >  H about 50 por cont. 

100,00 ¢+ ++ +H Hove soeoosyoHoHoo Hye o oe oH Ho > abou 
30 per cent. 

10,00 +++ HHH HHH HHH HHH HH  H AboUEt 20 per cent. 





B. Cort Test.—Number of B. Coli (or closely allied forms) in 1 c.c. 


10 Samples. 
6 Samples (about 60 per ue contained at least 100,000 per c.c. 
2Samples (about 20 __,, %) 5 10, HOTT. ? 5 
1 Sample (about 10 ns ; as “ 1,000 a 
1 Sample (about 10 ,,_ ) » less than 1,000 2 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 


Manchester New (not mature) Half- AG e Beds. 
B. Colt test. 


10),000 ¢+ + + + @ @ + H+ HH HH HHHH HH HHH HH HSH FS 
~+-ee tee emhU i + HSH +H HeHHHH HH HHH HH FS 
+e ¢ ¢ ¢ &© S @ S about 60 per cent. 

10000 @¢@ + ¢$%$ &¢%6—6UH%HvUhU ]H FH H HF HH HF S$ SF H+ SH S S about 20 per cent.’ 


1000 ¢ ¢ +¢ @¢ ¢ @ @ + |} $ about 10 per cent. 


About 10 per cent. negative result with z)5q¢.c. 
With regard to the biological attributes of the B. Coli or coli-like microbes isclated from the 9 samples examined 
3 (about 33°3 per cent.) were, on the basis of the tests employed, typical B. Coli. 


Jc eG os ee ee 
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InpoL Tzst. 
9 Samples. , 
» 4 Samples (about 40 per cent.) contained at least 100,000 per c.c. 
3 Samples (about 30 ,,._—s*) sf A 10,000, 
1 Sample (about 10 _ ) ms - TO0- ns 
2 Samples (about 20 __,, ) 3 100 


” 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples).as follows :— 
Manchester New (not mature) Half-Acre Beds. 
Indol Test. 


10,00 ++ HHHHHHHHH4H4H 444444 4444444464668 
e+ &  @ @ about 40 per cent. 


10,000 HHHHHH HH HHH HHH HH 4444444444 > S H Abt 
30 per cent. 


1000 $$ $$$ HOO # about 10 per cent. 
100+ HHHHH HHH HHH HHH HH © & & About 2 por cent, 


-—e__—————— 


B. Enteritipis SporoGEnss Tzsv. 


6 Samples. 
4 Samples contained at least 10 per c.c. (+ } €.C.) 
2 Samples ~ ne Laer (Fal 6c;) 
Bite Satt Guucosr Preprone Tzst. 
7 Samples. 
3 Samples contained at least 100,000 per c.c. 
3 Samples - 3 10,000 2, 
-1 Sample a8 a 1 OOO nga 
NeEvutrat Rep Broty Tssr. 
6 Samples. 


5 Samples contained at least 100,000 per c.c. 
1 Sample _ i 10,000 


” 


SECTION VI. 
EFFLUENTS FROM EXPERIMENTAL PRIMARY BEDS, A, By & C, 


BED A. 
Toran NUMBER oF BACTERIA PER C.C. 


(a) Gelatine at 20° C, 
9 Samples. 


Average Number 3,091,111 per c.c. 
Greatest Number 6,600,000 
Least Number 170,000 — ,, 
7 Samples contained at least.1,000,000 per c.c. 
2Samples __,, es, 100,000 


(6) Agar at 37°.C, 
9 Samples. 


” 


” 


Average Number 579,333 per c.c.__ 
Greatest Number 1,500,000 ~ 
Least Number 24,000 
2 Samples contained at least 1,000,000 per c.c. 
5 Samples ___s,, 2 100,000 _,, 
2 Samples 55 fl 10,000, 


”? 





B, Cort Test.—Number of B, Coli (or closely allied forms) in 1 c.c. 


8 Samples. 
2 Samples contained at least 100,000 per c.c. 
3 Samples - 34 10,000 __,, 
3 Samples ee i 1,000 1 “3; 


With regard to the biological attributes of the B. Coli or coli-like microbe 


s isolated from the samples, 1 microbe 
of the 8 microbes isolated (about 12°5 per cent.) was found to be, 


on the basis of the tests employed, typical B. Coli. 


Invou TEst. 
9 Samples. 
2 Samples contained at least 100,000 per c.c. 
4 Samples a Me 10,000 __—i,, 
2 Samples m “3 1,000. = 
1 Sample 


“Fis seh y) 100 ” 
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B. ENTERITIDIS SPOROGENES TEST. 


4 Samples. 
2 Samples contained at least 100. per c.c. (+ ‘01 c.c.) 
2 Samples . fi TO + ‘lce.) 
Bite Satr GiucosE Perrone Txst. 
4 Samples. 
1 Sample contained at least 10,000 per c.c. 
3 Samples He ra 1, 000 Fe. 
Lactose Preprone Test. 
5 Samples. 
: Sample contained at least 100,000 per c.c. 
2 Samples. = 2 10, UC Rage 
2 Samples 2 na 1,000 . 


NEvuTRAL Rep Broru Tsst. 


4 Samples. 
All 4 Samples contained at least 10,000 per c.c. 


Lirmus Mitx Mopiriep Test. 


4 Samples. 
2 Samples contained at least 100,000 per c.c. (+ 00001 e.c. ) 
2 Samples ir 10,000 Fe (+°0001 c.c.) 
Gas TEst. 
3 Samples. 


(a) 24 hours at 20° C. 
1 Sample +°1 c.c.,— 01 c.c. 
2 Samples +°01 c.c.,— ‘001 e.c. 


(6) 48 hours at 20° C. 


1 Sample +-001 c.c.,—"0001 c.c. 
2 Samples +0001 c.c.,—00001 c¢.c. 





BED B. 
1 Sample examined. 
Totat NUMBER OF BACTERIA PER C.C. 
Gelatine at 20° C. Agar at 37° C. 


5,500 200 
B, Cott Test.—Number of B. Coli (or closely allied forms) in 1 c.c. 
A coli-like microbe isolated from ‘01 cc. bore little resemblance, on the qe of the tests employed, to 
typical B. Coli. 


Inpou Test. 
1 Sample contained at least 10 per c.c. 


BED C. 
3 Samples examined in all. 
ToTaL NUMBER OF BACTERIA per ¢.c. 
(a) Gelatine at 20° C. 
2 Samples. . 
1 Sample contained 220,000 per c.c. 
1 5 » ®,100,000 =, 
(6) Agar at 37° C. 
3 Samples. 
1 Sample contained at least 100,000 per c.c. 
2 Samples 3 me 10,000. ,, 


B. Corr Test. Number of B. Coli (or closely allied forms) in 1 c.c. 


3 Samples. : 
1 Sample contained at least 10,000 per c.c. 
1 ” ” ” 1,000 ” 
1 ” ” PP] 100 ” 


With regard to the biological attributes of the B. Coli or coli-like microbes isolated one of the three microbes 
was, on the basis of the tests employed, typical B. Coli. ee 


Inpot TEST. 


3 Samples. : 
1 Sample contained at least 10,000 per c.c. 


2 Samples * a 100. 


4.16 


SECTION VII. 
EFFLUENTS FROM EXPERIMENTAL SECONDARY BED D. 


ToraL NUMBER OF BACTERIA PER C.C. 


(a) Gelatine at 20° C. 

12 Samples. 
Average Number 1,135,750 per c.c. 
‘Greatest Number 4,600,000 
Least Number 39,000: 5, 
5 Samples (about 42 per cent.) contained at least 1,000,000 per c.c. 
6 Samples (about 50 gent © . ’100, 000 
1 Sample (about 8 a * 7. 10,000 


” 


” 
” 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Expervmental Secondary Bed D. 
Total number of bacterra (gelatine at 20° C.) 


lmilin $+ 4+4+4$4+4%4$4¢444444444+444744 
$+ + + + + > + about 42 per cent. 


10,00 $+ $$$ +4 +++ HHH HHH HHH HHH HHH HHH HHH SHS 
$+? + $+ +H $+ H+ + + O  S about 50 per cent. 
10,00 ¢o$ @ @ @ @ about 8 per cent. 








(6) Agar at 37° C. 
13 Samples. 


Average Number 372,969 per c.c. 
Greatest Number 1,300, 000 


” 
Least Number 5, 600 
3 Samples (about 23 per cent.) contained at least 1,000,000 per c.c. 
: Samples (about 31 Made) . 3 100, 000. —,, 
5 Samples (about 38 eae : as 10, OOG tae 
1 Sample (about 8 es, 43 vi 1,000 “e 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Experimental Secondary Bed D. 
Total number of bacteria (agar at 37° C.). 
lmilin¢gé $+444¢464444440¢46444 + + > > @ about 23 per cent. 


ca in A aS a SO 
about 31 per cent. 


WOAH AERATORS 4 04 4 Oe 
+ ¢ @ @ @ + about 38 per cent. 


1,000 ¢ © @ @ @ @ @ about 8 per cent. 








B. Cort Test.—Number of B. Coli (or closely allied forms) in 1 ¢.c. 
13 Samples. 


1 Sample (about 8 per cent.) contained at least 100,000 per c.c. 


4 Samples (about 31 __,, ) ‘. Ks 10, O00 
5 Samples (about 38 __,, ) - _ 1 000 7 
1 Samples (about 8 ,, ) ‘i 100 _ 
2 Samples (about J5 __,, eas less than 1,000 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows 


Manchester Experimental Secondary Bed D. 


B. Colt Test. 
100,000 ¢ + @ @ + © > + about 8 per cent. 


0 HH HHH HHH HEHEHE SHH HE EHH HHH HHH HHH & about 
31 per cent. 


100¢+ + $+ HHHHHHHHHHHHHHHHHHHHH HHH HHS 
> ¢ @ @ > about 38 per cent. 
10 ¢ ¢ @ @ @ @ @ @ about 8 per cent. 


About 15 per cent. negative result with zgbq ¢.c. 


With regard to the biological attributes of the B. Coli or coli-like microbes isolated from the samples, 2 of the 
microbes isolated (about 18°1 per cent.) were, judged by the tests employed, typical B. Coli. 


- Inpo Tuer. 
13 Samples. 


3 Samples Sone 23 per cent.) contained at least 100,000 per c.c. 
3 Samples (about 23, s+) - : 10, 000 


4 Samples (about 31 ,, s+) ie 4 1,000 
3 Samples (about 3% ,,  ) S mn 100 


” 
99 


» 
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These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Experimental Secondary Bed D. 
Indol Test. 
100,000 $+ ++ HHH HHH HHH HHH OO H  S S About 23 per cent. 
1000+ + +H HH HHH HHH HHH HH HH SS S AbOUE 23 per cent. 


100 ¢++ +++ eo eee eee oe HHH HHH HHH 
about 31 per cent. 
10+ tH HHH HH HHH HHH HH HHH SH H+ AbOUt 23 per cent. 





B. ENTERITIDIS SPOROGENES TEST. 


5 Samples. 
; 1 Sample contained at least 100 per e.c, (+01 C.C.) 
3Samples _,, “A 10% pp) (+%hee.) 
1 Sample BS Ms ke 4). C+ Lac.) 
Bite SaLt GuucosE Perrone TEsv. 
5 Samples, 
1 Sample contained at least 100,000 per c.c. 
3 Samples 4 < E0002 
1 Sample ~ less than 1,000 per c.c. (negative result with zg); ¢.c.) 
Lactost PEPTONE TEst. 
8 Samples. 
2 Samples contained at least 100,0CO per’c.c. 
4 Samples si i 10,000). 1 055 
1 Sample - - 1,000 
1 Sample “ less than 1,000 per c.c. (negative result with z'59 ¢.c.) 
Nevutrat Rep Brot Test. 
5 Samples. 
1 Sample contained at least 100,000 per c.c. 
4Samples _,, * 10,000 __,, 
Lirmus Mitx Moprriep Tzsv. : 
5 Samples. 
All 5 samples contained at least 10,000 per c.c. (+°0001 c.c.) 
Gas TEst. 
4 Samples. 


(a) 24 hours at 20° C. 


2 Samples +°1 c.c.,~-‘O1 c.c. 
2 Samples +01 c.c.,—- ‘001 c.c. 


(4) 48 hours at 20° C. 
1 Sample +°01 ¢.c.,— 001 c.c. 
2 Samples +°001 c.c., - 0001 c.c. 
1 Sample +°0001 c.c., - "00001 c.c. 





SECTION VIIL. 
EFFLUENTS FROM THE STODDART FILTER. 


Toran NUMBER OF BACTERIA PER C.C. 


(a) Gelatine at 20° C 


5 Samples. 
4 Samples contained at least 1,000,000 per c.c. 
1 Sample re bi 100,000 __—s,, 
(6) Agar at 37° C. 
5 Samples. } 
2 Samples contained at least 1,000,000 per c.c. 
2 Samples ___,, i. 100,000 __,, 
1 Sample = be 10,000, 
B. Cort Test. Number of B. Coli (or closely allied forms) in 1 c.c. 
6 Samples. 
2 Samples contained at least 100,000 per c.c. 
2 Samples __,, ay 10,000 _,, 
2 Samples __,, is L000 c., 


With regard to the biological attributes of the B. Coli or coli-like microbes isolated from the samples, none of 


the 5 microbes isolated were, judged by the tests employed, identical with typical B. Coli. 


Inpou TEst. 

6 Samples. 
3 Samples contained at least 10,000 per c.c. 
2 Samples _,, % 1,000, 
1 Sample ” ” 100 


6225.—App. IV. a0 
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B. Enreritipis Sporocenes Test. 

5 Samples. & 
2 Samples contained at least 100 per c.c. (+°01 ¢.¢.) 
$ 10 %,, SAGE IRE) 


” ” ” 
Bite Sat Giucost Pertone TEstT. 


3 Samples. 
1 Sample contained at least 100,000 per c.c. 
1 Sample a a 10,000 . 5 
1 Sample : 4 LOO a 


NeutTRAL Rep Brot TEstT. 


5 Samples. 
3 Samples contained at least 100,000 per c.c. 


2Samples_,, RS 10,000 __,, 
Lirmus Mitx Mopiriep TEst. 
3 Samples. 
1 Sample contained at least 100,000 per c.c. (+ °00001 e.c.) 
2Samples __,, i 10,000 _,, (+ ‘0001 cc.) | 
Gas TEsT. 
2 Samples. 
(a) 24 hours at 20° C. 
1 Sample + ‘1c.c., — ‘01 c.c. 


1 Sample + ‘01 ¢.c., — 001 c.c. 


(b) 48 hours at 20° C. 
Both Samples + °001 ¢.c.,—°0901 c.c. 





SECTION IX, 
ROSCOE COKE AND CINDER FILTERS. 


DuNBAR FILTER. 
FILTERED EFFLUENTS. 
New Primary Beps. 


The samples obtained from the above several sources were in each instance too few in number for any summary 
to be appended here. 


SECTION X. 
EFFLUENTS FROM STORM BEDS. 


[N.B.—In time of storm the whole of the storm sewage (apart from that passing through the septic tanks) 
passed through settling tanks, and the “storm beds” deal with the effluent from these tanks. ] 


The following summary is inclusive of all the results of the bacteriological examination of samples derived from 
the storm beds :— 

ToraL NUMBER OF BACTERIA PER C.C. 

(a) Gelatine at 20° C. 


11 Samples. 
Average number, 3,717,272 per c.c. 
Greatest number, 10,000,000 _,, 
Least number - 390,000 


1 Sample (about 9 per cent.) contained at least 10,000,609 per c.c. 
8 Samples (about 73, sd) a = 1,000,000 +5 
2 ” (about 18 ” ) ” ” 100,000 ” 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Storm Beds. 
Total number of bacteria (gelatine at 20° C.) 
10,000,000 +  ¢ ¢ @ @ > @ @ abcut 9 per cent. 


1,000,000 + $$ HHH SHH HHH HH HHHHHHHESHHHHHH HHH 
¢$¢¢ceeeo oe oeesese ee eee eee eee se +H + > 
$$? $$ + + $$ +  S $ About 73 per cent, 

' , 100000 $$$ $$$ $ + S  S about 18 per cont. 

(b) Agar at 37° C. 


13 Samples. 
Average Number 694,060 per c.c. 
Greatest Number 2,600,000 __,, 


Least Number 10,0005; 
4 Samples (about 31 per cent.) contained at least 1,000,000 per c.c. 
4 Samples (about 31 __,, ) i be 100,000 ,, 


5 Samples (about 8 __,, ) - $5 10,000 __,, 
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These results may be illustrated by a diagram (each dot represents one p2r cent. of the samples) as follows :— 
Manchester Storm Beds. 
Total Number of bacteria (agar at 37° C.) 


imilon¢¢@¢ + +++ ¢ HH HH HHHHHoo+oeoo ooo HoH eo Ho > 
about 31 per cent. 

100,00¢ +++ HHH HH HHHHHHHHHHHHHH HHH HHH > 
about 31 per cent. 

1000+ ++ ++ HHH HHHHH HHH HH HH HHH HHH HH HH 
+ @ + > > > about 38 per cent. 





B. Corr Test. Number of B. Coli (or closely allied forms) in 1 ¢.c. 


13 Samples. 
1 Sample (about 8 per cent.) contained at Jeast 100,000 per c.c. 


4 Samples (about 30 __,, a i 10,000 __,, 
6 Samples (about 46 __,, L000) i, 
1Sample (about 8 ,, “a Lop, 
1Sample (about 8 _,, less than 100 _,, 


” ”? 


” 


V— er 


” 

‘These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— 
Manchester Storm Beds. 

B. Cola test. 


100,000 4 ¢ + > > } >} @ about 8 per cent. 
10,000¢¢¢ eee eee ooo eseeo eee HHH HHH HSH > abort 
30 per cent. 
100¢¢?e ooo $$$ e+ eH HS S 
e¢$¢e¢¢o eo oe $e $$ oo > 
ee a a a ee ee about 8 por cent. 
About 8 per cent. negative result with ;35 c.c. 


With regard to the biological attributes of the B. Coli or coli-like microbes isolated from the samples, 3 
out of 12 microbes isolated (25 per cent.) were, on the basis of the tests employed, typical B. Coli. 


$$ 3s-¢ ee +e oe ee oH eo HoH + 
} + about 46 per cent. 





Inpou TEst. 
13 Samples. 
2 Samples (about 15 per cent.) contained at least 100,000 per c. c. 
4 Samples (about 31 __s,, ) 3 i 10,000 r 
6 Samples (about 46 ) z a 1,000 re 
1 Sample (about 8 __s,, ) - Br 100 Bs 


These results may be illustrated by a diagram (each dot represents one per cent. of the samples) as follows :— . 
Manchester Storm Beds. 
7 Indol Test. 


100000 $$$ $$$ > & S S about 15 per cent. 


10,°0O¢¢ +++ eH HHooeoeHooeooe ooo oe Hee Hse HHH O > S about 
31 per cent. 
100¢ @¢? $+ oH HoHeooeoeooeoeseHeoHoHoooHeoHeseoesoyeoseo oe ese 


$¢¢e- +e ¢ $$ + $ + S S about 46 per cent. 
100 2 @ ¢ + @ @ > > about 8 per cent. 


B. ENTERITIDIS SPOROGENES TEST. 


9 Samples. ; 
6 Samples contained at least 10 per c.c. (+°1 c.c.) 


3 Samples - . 1 ee Beas ee 


Biriz Satt GLucose Perrone TEst. 


. 3 Samples. 
All 3 samples contained at least 10,000 per c.c. 


Lactose PepTone TEst. 


5 Samples. . 
2 Samples contained at least 100,000 per c.c. 
2 Samples __,, m 10,000 __,, 
1 Sample ¥ . L000" -S 


NeEvuTRAL Rep Brot TEst. 


9 Samples. 
4 Samples contained at least 100,000 per c.c. 
4 Samples m . 10,000 sg 
1 Sample = R; 1,000 = 


6225.—App. IV. 3H2 
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It will be noted that on the majority of the dates on which samples of the effluent from the Storm Beds were 
taken the rainfall in Manchester was not excessive. A table is appended showing the actual rainfall on the 


various dates. 


FILTRATE FROM STORM BEDS. 














| - No. of 
Time. 5 = Fillings Remarks. 
st val per 24 hours, 
5.30 p.m. 9 1902. 1 Dry 
Be Oe a 10 1 % 
10 I » Beds not been long in use. 
5? Ones 11 1 “ 
at) kis 11 1 ” 
S050; 12 1 875” Rain. Worked continuously for 4 hour 
2.30 ,, 12 1 Dry 
3oGal-3, 1 1903. 1 y 
hehe, 1 1 s ; 
345 4; 2 1 Slight Rain. 
430 4, 9 1904. 2 ‘47” Rain. Worked continuously for 3 hours. 
9 1 Slight Rain. 
S200. ais, 9 1 Dry. 
sR 9 1 ” 
9 1 % 
10 1 ” 
AE ae 11 2 Slight Rain. 
3.30 4, 11 2 So ay, 
11 2 Slight Rain. 
3.30 .cm, 
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GENERAL 


REMARKS. 





_ Comparison of diagrams M1 to M9 (both inclusive) 
serve to show that the effluents from the mature primary 
contact hali-acre beds were considerably purer, bacteri- 
ologically, on a percentage basis of comparison, than the 
Manchester sewage, septic tank liquor; or chemically 
precipitated sewage. 


With regard to the B. coli* test, the effluent from the 
mature primary contact half-acre beds showed improve- 
ment when compared with the Manchester sewage. Im- 
provement in these effluents is likewise to be noted 
when their behaviour is compared with that of the Man- 
chester sewage towards the lactose peptone and neutral 
red broth tests. 


Judged by the B. enteritidis sporogenes test, the 
septic tank liquor showed some improvement on the 
Manchester sewage, while the effluents from the mature 
primary contact half-acre beds were about ten times 
purer than the sewage. 


_ In relation to the bacteriological results, it is of 
interest to extract the following information from the 
evidence given by Mr. Fowler before the Commission :— 


“Manchester sewage is not to be thought of as a 
strong sewage. The flow per head of population 
averaging in dry weather 40 to 50 gallons, the sewage 
may be considered as a dilute solution of domestic 
sewage in trade effluents and subsoil water. The trade 
effluents include among others refuse from dyeing and 
bleaching works, oil and grease refining, candle-making, 
-soap, size, &c., works, india-rubber factories, galvanising 
-and brass-finishing factories, chemical manufacture, e.g., 
sulphate of ammonia works, tar distilling, aniline works, 
-alkali works. This would account for the presence at 
times in the sewage of acid, tar, iron, pickle, phenols, 
and compounds of naphthalene, and also sulphocyanates. 
The sewage has been found to be practically always 
alkaline ; the sludge tends, without the addition to it of 
lime, to become acid owing to the decomposition of fats. 
The raw sewage contains a considerable proportion of 
cotton waste and fibrous material, which is eliminated 
by preliminary screening in order to obviate blocking of 
the ejectors with waste.” 


With regard to septic tank liquor, the majority of the 
samples were derived from open septic tanks, while a 
very few were taken from the Cameron closed septic 
tank? The results have for convenience been incor- 
porated together. 


The chemically precipitated sewage presents (regarded 
from the bacteriological view point) some features of 
interest. The precipitants used are lime and copperas, 
and the precipitation effluent is found as a rule to be 
faintly alkaline. 








* The percentage number of typical B. coli, on the basis of 
the tests employed, was exceptionally low in the Manchester 
semples. 


It will be noted that the chemically precipitated 
sewage contained on the whole a greater number of 
bacteria (both growing on gelatine at 20° C. and on agar 
at 37° C.) than did the raw sewage. Judged, however, 
by the number of B. coli or coli-like microbes present 
per cubic centimetre and by the bile salt glucose 
peptone test, the chemically precipitated showed some 
unprovement on the raw sewage. 


The effluents from the new (not mature) primary con- 
tact half-acre beds showed a high total bacterial content 
per cubic centimetre; but such samples as were 
examined by the B. enteritidis sporogenes test showed 
Improvement in comparison with the sewage. As regards 
the B. coli and indol tests, the results were not very 
satisfactory from the bacteriological point of view. The 
samples obtained from the Experimental Primary Bed A 
were not many in number ; but those examined showed, 
in comparison with the sewage, improvement as regards 
total bacterial content, and also judged by the B. coli 
and indol tests. 


The effluents examined, which were derived from the 
Experimental Secondary Bed D were purer bacteri- 
ologically than the effluent from Primary Bed A. The 
samples examined of the effluents from the Stoddart 
filter, the Roscoe coke and cinder filters, and the Dunbar 
filter were too few in number to allow of any useful con- 
clusions being drawn. 
the Storm Beds, it should be noted that the beds dealt 
during 1902-1903 in dry weather with chemically pre- 
cipitated sewage, while during 1904 the beds were in 
dry weather dealing with settled sewage. In time of 
storm the whole of the storm sewage (apart from that 
passing through the septic tanks) is passed through 
settling tanks, and the storm beds deal with the effluent 
from these tanks. 


The effluents from the Storm Beds showed, generally 
speaking, as regards all the tests employed, a consider- 
able degree of percentage purification as compared with 
the sewage. ' 

Dealing with the Manchester results as a whole, it 
cannot be said that the results were good bacteriologi- 
cally, and seemed to be less satisfactory than has been 
observed in some other places, more particularly those 
mere percolating filters are used instead of contact 

eds. 


It must be remembered, however, that the effluents 
are discharged into the Manchéster Ship Canal, and 
hence the chemical results are here of special import- 
ance. . 


But the results of the bacteriological examination of 
these numerous samples lend support to the opinion 
previously advanced, namely, that the effluents from 
contact beds are not in a fit state bacteriologically to be 
discharged into drinking water streams. — 


I desire to acknowledge the valuable assistance rendered by Miss Chick, Miss Power, and Miss Hartley 


in connexion with the bacteriological examination of the Manchester samples. 
was carried out by Miss Chick, and Miss Power has been kind enough to tabulate the results. 


Most of the analytical work 
I am greatly 


indebted to Mr. Fowler and his colleagues for sending me the samples and supplying me with much valuable 


information. 
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ADDENDUM. 


TABLE showing Rainfall in Manchester in connection with the time at which samples were taken for the 


Royal Commission on Sewage Disposal. 


ROYAL COMMISSION—BACTERIOLOGICAL EXAMINATION—RAW SEWAGE. 


Time. Day. | Month. Year. 





5.15 p.m. 10 3 
siv5i { 11 3 
9.10 a.m. 14 3 
10.35 ,, 19 3 
4.30 p.m. 26 4 
9.45 a.m. 29 4 
9.30 ,, 1 5 
4.30 p.m. 2 5 
a ee 6 5 
4-0" 5 9 5 
aot. 13 5 
2.1583: 19 5 
445 ,, 22 5 
5 ir gun 23 22 
330. 30 — 
3.30 4, 4 6 
430K 55 5 6 
ro es tae 9 6 
12530 3 11 6 
445, 12 6 
Oy Pe 16 6 
A ete 17 6 
4.50 5 23 7 
4.30 ,, 19 9 
12. 0 noon 23 ~ 9 
5. 0 p.m. 26 9 
5.30 ,, 20 9 


1902. 


Total Number of 
Bacteria in 1 c.c. of 
Raw Sewage. 


8,600,000 


12,000,000 
1,100,000 
1,000,000 

500,000 
540,000 
200,000 
7,000,000 
3,300,000 
1,500,000 
4,800,000 

29,000,000 

9,300,000 


14,000,000, 


9,400,000 
17,000,000 
18,000,000 
18,000,000 

4,600,000 

7,100,000 
19,000,000 
10,000,000 

4,600,000 
32,000,000 
10,000,000 
17,000,000 
19,000,000 


Rainfall. 





Dry weather for 2 previoas days. 
” » 38 ” ” 

145” noon 12th—noon 14th. 

Slight rain from 14th. 

18” 22nd, 005” 23rd, °075” 24th, 01” 25th. 

No rain since 25th. 

26” 28th, March—April 1st (Easter), 

No rain 2nd April. 

335” 4th, °52” 5th, °145” 6th and 7th. 

No rain since 7th. 

No rain since 7th. 13th and 14th 145”, 

Dry 18th and 19th. 

18” noon 21st—noon 22nd. 

Trace noon 22nd—noon 28rd, ‘075” to 
noon 24th. 

125” 28th and 29th, ‘185” 29th and 30th, 
12” 30th and 31st. 

Dry. 

030” 4th and 5th, 105” 5th and 6th. 

115” 8th and 9th. 

Dry. 

04” 11th and 12th. 

Dry. 

115” 16th and 17th. 

"23 22nd and 23rd, °015” 23rd and 24th: 

No rain. 

"15" 22nd and 23rd, °08” 23rd and 24th. 

No rain. 


No rain. 


Time. 


Day. 
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ADDEN DU M—continuwed. 


RAW SEWAGE. 


Month. Year. Gelatine. 


No. per c.c. 20° C. 


Rainfall. 


a a a a a ia IA aE TS GREETS os Bans 


4.30 p.m. 


A. OR; 
Li Oran: 


12.0 noon 


3.45 p.m. 
2,30 ys 
4.30 ,, 
3: 10 ae 
4.45 ,, 
3.40 ,, 


4.33 4, 





bo 


on 


19 


10 1902 8,300,000 
18,000,000 
18,000,000 
No record 
10 13,000,000 
11,000,000 

4,600,000 

ll 9,000,000 
12,000,000 

19,000,000 

1,390,000 


No records 


12 1,500,000 
4,200,000 


No records 


2,100,000 
1 1903 11,000,000 
10,000,000 
2 No record 


Do. 


03” 2nd and 3rd. °005” 3rd and 4th. 

No rain. 

"75" 9th and 10th. +12” 10th and 11th. 

1°03” 13th and 14th. 

°20” 15th and 16th. °425” 16th and 17th. 
18” 17th and 18th. 

20" 19th and 20th. -‘02” 20th and 21st. 
21” 21st and 22nd. 

No rain. 

18” 11lthand 12th. Norain 12th and 13th. 

035” 13th and 14th. ‘11” 14th and 15th. 

No rain for 4 previous days. 


Do. 6 ” ” 


875" Ist and 2nd. °04” 2nd and 3rd. 
No rain. 
Do. 
No rain for 8 previous days. 
54” 27th and 28th. ‘10’ 28th and 29th. 


Nil 29th and 30th. 
No rain. 
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REPORT to the Commission on the Number and Biological Characters 
of B. coli in Normal Human Feces,* in Sewage, and in Sewage 
Effluents. 





By Dr. A. C. Houston. 





CONTENTS. 


Section I.—Morpheologicul and Bio'ogical Characters of B. coli derived from normal 
human faces.* Methods ; Analysis of Results ; Classification. 

Section I.—Morphological and Biological Characters of B. coli derived from sewage and 
sewage effluents. Methods; Analysis of Resu'ts; Classification ; Relation between the 
Lactose Peptone and Litmus Milk Tests ; Comparison between the Cane-Sugar, Dulcit, 
Raffinose, and Salicin Tests. 

Section III].—Comparison between the B. coli of (a) Normal human feces, (b) Sewage, and 
(c) Effluents. Numerical Abundance ; Percentage, in each Case, Yielding Positive Results 
to certain Tests ; Comparison on a “ flaginac ” basis. 

Section IV.—Tests recommended in studying the Biological Attributes of B. coli and coli-like 
microbes. 

Section V.—WMethods recommended for the isolation of B. coli. Primary Surface Plate 
Cultures ; Primary Liquid Cuitures and Secondary Surface Plate Cultures. 





[This Report was written early in 1905. In July 1905 my appointment 
as Director of Water Examinations, Metropolitan Water Board, enabled 
me to collect together a great deal of information as regards the number 
and biological attributes of B. coli in river water, before and after filtration. 
These results, together with certain modifications of method, have been 
described in my Monthly and Annual Reports to the Metropolitan Water 
Board.—A. C. H.] 

January 2nd, 1905. 


The B. coli test is being used to an increasingly great extent to 
determine the purity or otherwise of drinking water and various liquid 
and solid foods. 


Notwithstanding the large amount of work which has been carried out on 
the subject, knowledge is still incomplete as regards correlation of the 
number and biological attributes of B. coli in human feces, in sewage, 
and in sewage effluents. Thus, although much work has been published 
on the biological characters of B. coli, and although the numerical abund- 
ance of the B. coli group in excremental matters has recently attracted 
considerable attention, the importance of correlating these two factors on 
a broad basis of observation does not seem to have been sufficiently 
recognised. 


Again, a great deal has been written on the subject of what consti- 
tutes ‘ypical B. coli, but determinations in this sense would be of greater 
value had they followed instead of preceding systematic detailed investi- 
gation of the correlations to which I refer.t 


It is, for example, undesirable to condemn waters because they contain 
a particular microbe believed to be of excremental origin without 
comprehensive knowledge of both the number and attributes of the 
same microbe in excrement per sc. It is difficult also to see the 
full justice of bacteriological standards as regards waters in the absence, 
comparatively speaking, of quantitative and qualitative bacteriological 
standards in respect of human feeces and sewage. 


CN ST eo a a eT ee res ae i aa a a a oe ns at ar een eee 

* The results as regards the B. coli of normal human feces are taken from my report to the 
Local Government Board on the bacteriology of the normal stools of healthy persons. (Report 
of the Medical Officer, Local Government Board, 1902-3. Appendix B, No. 5.) 


7 At all events, from the point of view of the Commissioners, it is essential to base any 
conceptions of this kind on comprehensive knowledge of the biological characters of B. coli 
. actually isolated from definite amounts of feces, sewages, and sewage effluents, 


6225.—App. IV. 31 


426 


In practice, the material polluting waters is commonly sewage; but, 
strictly speaking, the contaminating substances that are most undesirable 
in water are constituents of sewage—namely, human feces and urine.* 
Domestic sewage indeed is a variable mixture of human feces, urine, 
paper, grit, refuse of various kinds, and soapy dirty water diluted with 
pure drinking water and other innocuous substances. It is necessary, then, 
to study the bacteriology not only of sewage but of human excrement in 
relation to the bacterial contamination of drinking water and of food 
materials. 


At the present time the position as regards the,..B. coli test of the 
bacteriologist who is an epidemiologist is as follows: : 


On the one hand it is admitted that :— 


The bacteriologist cannot measure the actual “disease value” of a 
given pollution—say of water. | 


The excrement of the lower animals may contain B. coli in abundance. 


B. coli even of human origin may be, relatively speaking, quite harmless 
to human beings. 3 


Under peculiarly favourable conditions B. coli may persist for a long 
time and may even multiply outside the animal body. 


The B. coli test is an indirect way of measuring the degree of probability of 
presence in a substance of specific bacteria in addition to the comparatively 
harmless B. coli. 


Even in cases where, from the results of the B. coli test, there is every 
reason to infer the occasional presence in water of specific bacteria, the 
danger to be apprehended cannot be gauged because the morbific effect of 
the virus of disease is controlled by laws concerning which little is known. + 


Observed facts (topographical and epidemiological) appear to show that 
the results of the B. coli test may greatly over-estimate in some cases and 
under-estimate in others the degree of potential danger to health arising _ 
from sewage pollution of water. 


On the other hand, it is claimed that :— 


The bacteriologist can always measure the ‘‘excremental value,” and 
in a sense can usually estimate the potential ‘disease value,” of a given 
pollution of (say) water, subject. to certain qualifications and under the 
conditions likely to occur in practice. 


We have yet to learn that all the microbial elements of the intestinal 
evacuations of the lower animals are harmless to man. 


B. coli artificially added to chemically pure water tends to lose its viability 
somewhat quickly. | 


It is usually better to measure potential danger to health due to sewage 
pollution of water by definite although indirect means than by indefinite 
expressions of opinion. 


B. coli is absent from a large volume of a water which is obtained from 
a source far removed from all chance of objectionable pollution, and it is 
present in human feces and in sewage in enormous numbers. 








* It has been stated that about 20--25 per cent. of enteric fever patients suffer from 
typhoid bacilluria. In the presence of this complication, the urine may contain for weeks or 
months the typhoid bacillus in enormous numbers. 


+ It is, for example, difficult to believe that it is solely the number of living typhoid bacilli 
that govern the occurrence, extent, and severity of an epidemic of enteric fever. Probably it. is 
largely a question of virulence as well as of number. Possibly also there are factors beyond our 
ken which, directly or indirectly, influence the morbific effeet of a given dose of specific _ 
pollution. 
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Many bacteriologists have attempted to discover some certain method 
of isolating B. typhosus from = substances rich in B. coli or coli-like 
microbes. The results. have been disappointing. It is, however, too readily 
assumed that if such a method were forthcoming the B. coli test would sink 
into insignificance. This is hardly the truth, for even if a ‘“ magical 
medium” were discovered which, on the addition to it of a suspected 
water would, after incubation, turn, let us say, ved only if B. typhosus 
were present, and Jdlue if this microbe were absent, the B. coli test 
would still remain of value. For waters known to be sewage-polluted 
can hardly be assumed always to contain B. typhosus, or to contain 
this. microbe in a virulent condition even in a large volume of such 
waters. Under these circumstances the ‘‘magical medium” might suggest 
‘safety,’ but safety only so far as the particular volume of water actually 
submitted to cultural test was concerned, whereas the B. coli test’ may be 
trusted to measure the degree of excremental pollution and so indirectly the 
degree of danger * to health. Moreover, on mathematical lines of reasoning, 
the degree of hability of an excrementally polluted: water to change from 
potential to actual danger would, other things being equal, be proportional 
to the number of B. coli present. So that whatever the future may have 
in store in the way of discovery of new and valuable methods for the 
isolation and detection of B. typhosus, the B. coli test is likely to remain 
of permanent value as the best means of measuring the degree of excre- 
mental pollution of water. 





SECTION 1 


MoRPHOLOGICAL AND BIOLOGICAL CHARACTERS OF 1017 B. COLE DERIVED 
FROM NorMAL HuMAN FA Es. 





MetruHops. 


The following is a description of the methods adopted in this part of the 
investigation. 


The stools were examined immediately after being passed. 
Dilution :— | 


(za) 1 gramme of feeces was mixed thoroughly with 99 cc. of sterile 
water in a sterile mortar. This dilution was called dilution A 
Each c.c. of the mixture represented ‘01 gramme of feeces. 


(b) 10 cc. (1 gramme of feeces) of dilution A was added by means ofa 
sterilised 10 c.c. pipette to 90 cc. of sterile water contained ina 
flask. This dilution was called dilution [3] because each c.c. of the 
mixture represented ‘001 gramme of feces. 


(c) 10 cc. (Oi gramme of fgeces) of dilution [3] was transferred in a 
similar way to another flask containing 90 c.c. of sterile water. 
This dilution was called dilution [4] because each c.c. of the mixture 
represented ‘0001 gramme of feces. 


(d) 10 cc. (001 vramme of feces) of dilution [4] was added to another 
flask containing 90 c.c. of sterile water. This dilution was. called 
dilution [5] because each ¢.c. represented 00001 gramme of feces. 


(e) 10 ce. (0001 gramme of feces) of dilution [5] was added to 
another flask containing 90 ¢.c. of sterile water. This dilution 
was called dilution [6] because each c.c, represented ‘000001 
eramme of feces. 





* Potential danger, it is true, but liable on occasion to become actual. 


+ 102 microbes were actually isolated, but microbe No. 22 was discarded. It follows that 
microbes 1 to 21 (inclusive) and microbes 23 to 102 (inclusive) were eventually studied—that is, 
101 specimens of B. coli in all. | 
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(7) 10 c.c. (00001 gramme of feces) of dilution [6] was added to 
another flask containing 90 c.c. of sterile water. This dilution 
was called dilution [7] because each c.c. represented -O00000E 
eramme of faeces. 


(g) 10 cc. (009001 gramme of feces) of dilution [7] was added to 
another flask containing 90 c¢.c. of sterile water. This dilution was 
called dilution [8] because each cc. represented ‘00000001 
gramme of feces. 


(h) 10 c.c. (0000001 gramme of feces) of dilution [8] was added to 
another flask containing 90 c.c. of sterile water. This dilution 
was called dilution [9] because each c.c. represented ‘000000001 
eramme of feeces. 


(7) 10 cc. (00000001 gramme of feces) of dilution [9] was added to 
another flask containing 90 c.c. of sterile water. This dilution 
was called dilution [10] because each c.c. represented ‘0000000001 
gramme of faeces. | 


The amount of feces in 1 cc. of each of the above dilutions is shown 
in the following table :— 

















ere Each c.c. represents the inane 2, be 

Dilution. following Een Of a Gramme | frsces Multiply 
; Results by :— 
A ce 01 100 
[3] ae es 001 1,000 
[4] ae 0001 » 10,000 
[5] — 00001 100,000 
[6] Lath teat 000001 1,000,000 
[7] ee -0000001 10,000,000 
[8] cise eras 00000001 100,000,000 
[9] pe Sse 000000001 1,000,000,000 
[10] pe iae a ee 0000000001 —_ 10,000,000,000 








Broth cultures were made from the several dilutions, 1 ¢.c. being used in 
each instance. After incubation at 37° C. for two days, surface gelatine 
plate cuitures from the broth cultures were made. ‘These gelatine plate 
cultures were incubated at 20° C. On the second day they were examined, 
and the subsequent procedure was as follows :— 


The last three plates from the last three dilutions showing the presence of 
colonies of B. coli were selected, and two typical-looking colonies from each 
plate were sub-cultured, The colonies of B. coli occurring in the highest or 


last dilution in which B. coli was present were called es B. coli (ze. B. coli 
representing the last dilution). Those occurring in the plate next in the 
scale of dilutions were called “_" B. coli (ze. B. coli representing the last 
dilution but one). Those occurring in the plate last but two in the scale of 
dilutions were called =_* B. coli (ze, B. coli representing the next but 


one to the last dilution). To take an example :—1 c.c. broth cultures were 
made from dilutions [3], [4], [5], [6], [7], [8} (93, [10], and numbered in 
correspondence. Examined on the second day cultures [8], [9], [10] showed. 
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no growth. Plates were made from cultures [3], [4], [5], [6], [7],®and 
numbered in correspondence. Examined on the second day plate [7] showed 
no colonies resembling B. coli. Plates [8], [4], [5], [6] showed 
eolonies resembling those of B. coli. Plates [4], [5], [6], were selected for 
further study. Twotypical colonies were sub-cultured from plate [6], each 


being called “= B. coli. Sinilarly two colonies were sub-cultured from [5], 
_ each being called = B. coli. Lastly, two colonies were sub-cultured from 


plate [4], each being called “_* B. coli. 


It is important to bear in mind (1) that the typical-looking colonies of B. coli 
were selected for sub-culture, and (2) that the selection was made from the 


plates representing the highest (=), the next highest (one-tenth less, ==), 


and the newt but one highest (one hundred less, =) of the dilutions (made in 
successive tenths tn which B. coli was observed to be present). 


The B. coli isolated from the various stools obtained from healthy persons 
were subjected to nearly every known test of importance. 


The tests employed may be summed up as follows :— 
Motility. 


Agglutination tests (anti-typhoid biood, Berne serum, normal human 
blood). 


Pathogenicity, towards rodents. 


Gelatine “‘ shake” cultures, for gas formation. 


Glucose peptone cultures, ) 


actose peptone cultures, : 
ee EP ; For observation of acid production 


Dulcit peptone cultures, and fermentation. 





Cane-sugar peptone cultures, 
Broth cultures, for indol formation. 

Litmus milk cultures, for acid clotting of the medium. 

Lactose peptone milk cultures, for gas formation, acidity, and clotting: 
Neutral red broth cultures, for greenish yellow fluorescence. 


Potato cultures, for observation of mode of growth. 


Iitmus whey cultures, for quantitative estimation of acidity. 
Nitrate broth cultures, for reduction of nitrates to nitrites, 


Proskauer and Capaldi’s Medium No. I, for production of cherry-réed 
colour. 


Proskauer and Capaldi’s Medium No. II, for absence of definite acid 
formation. 


The results are given in Tables 1 and 2. 
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TABLE 2, SHOWING THE RESULTS OF CERTAIN EXPERIMENTS WITH 


ANTI-CoLl 57 ‘AND 58 SERA. 








Agglutination Experiments. 


























Description of 
Microbe. at 
Anti-coli 57 Serum. Anti-coli 58 Serum. 
Coli 57 - : - 1: 200 almost instantaneous  - 1 : 800 complete clumping. 
1: 400 decided clumping. - | 
y 58s a - 1: 600 indication, but incomplete | 1: 1600 indication, but ineomplete.. 
B. typhosus — = - ~ | L: 20 incomp'ete clumping - - - | 1: 20 incomplete clumping. 
1 : 200 practically negative - - = hd(200 practically negative. 
Colesh or .3 - : 20 negative - ag : 20 negative. 
» 3d ~ . : : 20 negative . : - : 20 negative. 
» 34 « - - : 20 negative - : 1: 20 negative. 
ood ees - - : 20 negative - - - : - | 1: 20 negative. 
y 288. : 20 negative - a3, - - | 1: 20 negative. 
» 39 - - : 20 ne,ative - : - : - | 1: 20 negative. 
Per.) et cope : 20 negative” - “¢ ye - - | 1: 20 negative. 
5 AAD oe - - : 20 negative - - - - | 1: 20 negative. 
oO ges - : 20 negative - - : - - | 1: 20 negative. 
: : 20 slight indication - - ( 1; 20 fair clumping. 
Deere { : 100 negative ! TIE muh gD, HOO nebative: 
( : 20 slight indication - : 1: 20 fair clumping. 
eae | : 100 negative - - - | 1: 100 negative. 
| : 20 strong positive - -) - { 1: 20 fair clumping. 
pene ? | : 100 indication : : - f 1: 100 negative, 
: 20 strong positive - - - 1: 20 fair clumping. 
ys : 100 indication - : - - { 1: 100 negative. 
» 5 - - - : 20 negative - - : - - | 1: 20 negative. 
» 56 - - : 20 negative’ - - : - - | 1: 20 negative, 
pote O teas - - | 1; 20 negative - : . - - | 1: 20 negative. 
5 G0 - ; 20 negative : - =e de 20 negative. 
ere S| - 20: negative? 4. St ES Sik eae 20 negative. 
kOe ee te - 7/20 negative, chiorse = 4 1; 20 negative. 
» 53 : 20 negative - - - - | 1: 20 negative. 
», 64 ; 20 negative - - - - - | 1; 20 negative. 
By BO ; 20 negative “HOLT y = : 20 negative. 
9 00 - : 20 negative _- : 20 negative. 
er O7T - - : 20 negative - - : 1: 20 negative. 
Ve ene : 20 negative - - : : 20 regative. 
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74 
75 
76 
77 
78 
79 
80 
81 
82 


83 


84 


85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
90 
100 
101 


102 


TABLE 2, SHOWING THE RESULTS OF CERTAIN EXPERIMENTS WITH 


Microbe. 
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ANTI-COLI 57 AND 58 SERA—continued. 


Anti-coli 57 Serum. 


: 20 negative . 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 Tepative 
: 20 negative 
: 20 negative 
: 20 negative | 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 
: 20 negative 


: 20 negative 


Agglutination Experiments. 
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Anti-coli 58 Serum, 


: 20 negative, 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
: 20 negative. 
': 20 negative. 
: 20 negative.. 
: 20 negative.. 
; 20 negative.. 
: 20: negative.. 
: 20) negative. 
: 20) negative. 
; 20 negative. 
: 20 negative. 


: 20: negative. 


20 negative. 
20 negative. 


20 negative. 


Analysis of the results, 


Dealing with the various columns in Table 1, seriatim :— 
Column 1.—‘‘Identijfication” number of B coll. 


No comment is needed here. 
Column 2.—Stools I. to X VII. 


Here it is to be noted that although 17 stools were examined, stools I., 
IV., VL, XIU Sand x Ves Cieand sy cal ileand VIL, VIEL Vand ory. 
XI., XII, and XVI, were derived from the same individuals. While in 
the report “the normal stools of healthy persons” is the term used, it will be 
understood that what is “normal” as regards stools and “healthy” in 
respect of the individual may not be capable of scientific definition, 
Broadly speaking, what is implied is—stools of medium consistency voided 
without artificial stimulus by persons in a state of apparent health 
carrying out their usual vocations. The stools were those of adult males, 
and they were examined immediately after having been passed. 


LD. . LL.D. 0)FuD: 
Column: 3 = ee 
1 10 10 


By is meant the last dilution of the stool yielding B. coli. > represents 


the dilution ten times lower, and == the dilution one hundred times lower 


in the scale of dilutions. Thus two microbes from each of the last three 
dilutions yielding B. coli in each of the 17 stools were selected for 
examination. see 


Column 4.—Relative abundance of the 101 B. coli per gramme of foeces -— 


The results may be summed up as follows :— 


10,000 million, four per cent. 





MQ 

OOO: Fe Six larg aa 3 
100 xs nine > Seas ie 
10 A sixteen ~-,, sll, - 

1 ie twenty -,,, ae & 
100 thousand, twenty-four per cent. S 
10 " fourteen CU ee, 5 

1 = eight Be oT = 


Column 5.—Type of B. coli colony in gelatine plate culture ( filmy type, opaque 
type, intermediate type) :— 


The great majority were of the filmy type. 


Notes of the morphological characters of the B. coli were also made ; for 
example, whether the rods were long, short, or of medium‘length. But 
this is a matter which involves the personal equation, and depends moreover 
on the nature of the medium and other factors. Moreover, the gradations 
are so fine that it is almost impossible to give any classification of practical 
value. It has, therefore, been thought desirable not to utilise these records. 
But it is worth noting that in the majority of instances the B. coli isolated 
were distinctly cylindrical in shape, and seldom approached the type which 
in the phraseology of the past would be ealled « bacterium,” that is, a microbe 
hardly longer than broad. 
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Column 6.— Motility. 


For observations as regards motility gelatine cultures (24 hours at 20° C.) 
were used. Only 12 per cent. of the B. coli were non-motile, or not 
observed to be motile. It is difficult, of course, positively to assert that a 
microbe is non-motile. All perhaps that can be said is that it was not 
observed to be motile. Hence, inthe table (column 6, Table 1) the sign? — 
has been employed. The remainder, 89 per cent., were motile, and in the 
majority of cases the movement was rapid. 


It is to be noted, however, that the non-motile B. coli were, generally 
speaking, by no means atypical in other respects, although some of them 
formed so unsatisfactory an emulsion that agar cultures (in place of gelatine 
cultures) had to be employed for the agglutination experiments. The non- 
motile B. coli were 1, 2, 10, 19, 20, 32, 34, 35, 36, 37, 49, and 84. 


Column 7.—“ Gas” in gelatine “ shake” culture (within 24 hours at 20° C.). 


All the 101 microbes gave “gas” in gelatine “shake” cultures within 
24 hours at 20° C.* 


Column 8.—Glucose peptone medium. 


All of the 101 microbes produced gas and acid in this medium, This 
result was to be anticipated in view of the results set forth in column 7 
“oas” in gelatine “shake ” cultures). 


Column 9,—Lactose peptone medium. 


No fewer than 92 per cent. of the B. coli yielded completely positive results 
(gas and acid within 48 hours at 37 deg. C.). Three of the 101. microbes 
gave entirely negative results, and the remainder only feebly positive results. 
Those yielding negative or only feebly positive results were usually atypical 
in one or more other respects. Thus microbes 3, 4, 5, and 6 produced no 
definite amount of acidity in litmus whey cultures, and atypical 
results in lactose peptone milk cultures. Microbe 5 did not clot milk. 
Microbe 21 gave no clot in litmus milk cultures, an atypical change 
in lactose peptone milk cultures, and, relatively speaking, feeble acidity in 
litmus whey cultivations. Microbes 100, 101, and 102 did not clot milk, 
behaved atypically in lactose peptone milk cultures, produced only slight 
acid in Proskauer and Capaldi medium No. I., and less than the average 
amount of acid in litmus whey cultures. 


Column 10.—Cane-sugar peptone medium. 


™~ 


Only 8 per cent. yielded completely positive results; 35 per cent. gave 
quite negative results. Another 36 per cent. produced an acid change or a 
bleached appearance with which was associated either no gas formation or 
practically none. 20 per cent. gave rise to a bleached appearance with slight 
gas formation, and 2 per cent. showed a delayed and feeble power of ferment- 
ing the cane-sugar. Practically speaking the foregoing may be classed as 
follows :— 


8 per cent. strongly positive. 


QZur,, 7c feebly positive. 
OU, slur sya eUeLy Negative. 
oo §,, ‘negative. 





* As previously explained, 102 microbes were actually isolated, but microbe No. 22 was 
disearded. It follows that microbes 1 to 21 (inclusive) and microbes 23 to 102 (inclusive) were 
eventually studied—that is, 101 specimens of B. coli in all. 
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It will be noticed that in this report the term B. coli communis has not 
been employed. The term communis, if used in a strict sense, implies a 
great deal ; if employed in a loose sense it conveys so little that its value is 
very doubtful. B. coli communis dates its recognition as the characteristic 
microbe of feeces from the classical researches of Escherich. | Escherich’s 
B. coli communis does not ferment cane-sugar. 


Column 11.—Dulcit peptone medium. 


The value to be placed on this test is at present unknown, but it is obvious 
that by its use in this investigation the B. coli were sharply divided into two 
classes, namely, 45 per cent. giving rise to no change in the medium, and 
55 per cent. producing gas and a bleached appearance of the liquid. 1 per 
cent. bleached but did not form gas. | 


Putting on one side the cane-sugar test, it is certain that over 90 per cent. 
of the coli-like microbes isolated during the inquiry would be classed as 
B. colicommunis. But is it justifiable to place under one species, or even 
in the same group, microbes of which rather more than half ferment dulcit 
and rather less than half do not ? 


There seemed to be no definite relation between the “ cane-sugar” and 
‘‘dulcit”’ results; some coli-like microbes ferment both cane-sugar and 
dulcit, others cane-sugar and not dulcit, others dulcit and not cane-sugar ; 
others again neither cane-sugar nor dulcit. 


Further, it could not be said that the coli-like microbes which fermented 
dulcit differed, generally speaking, in respect of other tests from those which 
failed to do so. 


The dulcit fermentation results seem to show that there may be less 
uniformity of species among the B. coli than might be supposed from the 
application of the other tests in general use among bacteriologists. 


Column 12.—Neutral red broth. 


The results were striking, inasmuch as no fewer than 98 per cent. of 
the coli-like microbes yielded positive results (greenish-yellow fluorescence — 
within 48 hours). The two microbes (67 & 69) yielding negative results 
were seemingly typical in all other important respects. 


Column 13.—Jndol test (indol in broth cultures within 5 days at 37° C.). 


This is an old and valuable test. Out of the 101 B. coli, only two 
failed to form indol. These two (55 &71) in other important respects were 
seemingly typical of B. coli. 


Column 14.—Litmus milk. cultures. 


Ninety-two per cent. of the coli-like microbes produced acidity and clotting 
within five days at 37° C. In the majority of cases clotting occurred 
within 48 hours. One microbe (5) gave no clot and only slight acidity. 
This micro-organism did not ferment lactose, produced an atypical change 
in lactose peptone milk cultures, and gave rise to no definite acidity in litmus 
whey. Eight microbes (21, 47, 77, 78, 99, 100, 101, 102) produced acid in 
but did not clot the milk. 


B. coli No. 21 gave atypical results in lactose peptone and lactose peptone 
milk media, and a relatively small amount of acid in litmus whey culture. 


Microbes 47, 77, 78; and 99 were seemingly typical in other important 
respects. Microbe 47 was virulent. 
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Microbes 100, 101, and 102 were not completely typical as regards the 
lactose peptone, lactose peptone milk, and Proskauer and Capaldi (No. 1) 
tests. 


Column 15.—Lactose peptone sodium carbonate milk medium. 


This test is useful. Within 24 to 48 hours at.37° C. typical B. coli 
produces in this medium acid, abundant gas, and clots the milk. The 
appearance of a typically changed culture is so striking that it is easy to 
eliminate atypical B. coli by its use. Thealkalinity ofthe medium holds in 
check aberrant forms, but is powerless to prevent typical B. coli from pro- 
ducing in the medium acid, gas, and clot. 


Ninety per cent. of the coli-like microbes isolated yielded completely posi- 
tive results (gas, acid, and clot). 


The rest gave results as follows :— 


Bleached, no gas, no clot, four per cent. of total. 
Bleached, slight clot, trace gas, two per cent. 
Gas, acid, slight clot, two per cent. 

Bleached, no gas, slight clot, one per cent. 
Delayed gas, acid, and clot formation, one per cent. 


The aberrant specimens of B. coli were :—Microbes 3, 4, 5, 6, 21, 33, 34, 
100, 101, 102. Of these microbes 3, 4, 5, and 6 produced little or no acidity in 
litmus whey cultures, and microbe 5 failed to clot milk in ordinary litmus 
milk cultures. Microbes 3, 4, and 5 gave negative results in lactose peptone, 
and microbe 6 was atypical in this medium. Microbe 21 gave no clot in 
ordinary litmus milk cultures, and the acidity produced by it in litmus whey 
culture was much below the average. This microbe also yielded atypical 
results in lactose peptone. Microbes 33 and 34 yielded typical results in 
other media, but were atypical only to a slight extent in the medium under 
- consideration. Microbes 100, 101, and 102 were atypical as regards the 
lactose peptone, ordinary litmus milk, and Proskauer and Capaldi (No. 1) 
tests. 


While a glucose fermenting non-liquefying coli-like microbe which fails to 
produce gas, acid, and clot in this lactose milk medium within 24 to 48 hours 
at 37° C. cannot be said to be necessarily non-intestinal in origin, it 
nevertheless is obvious that an overwhelming majority of feecal B. coli 
possess these powers. 


z Column 16.—Growth on potato. 

As regards their growth on potato the coli isolated seemed to present 
every gradation from a transparent barely visible growth to an opaque 
luxuriant growth either of a dirty white or of a fawn, yellow, orange, or 
brown colour. The results do not lend themselves to any definite classifica- 
tion, as the appearances shaded off into each other by indefinable gradations. 
On the whole, however, the results showed somewhat strong indication that 
the B. coli belonged not to one but a number of different species. Thus even 
when cultures were made from the same batch of potatoes striking differences 
were noted in the growth of the various coli-like microbes despite the fact 
that as regards other tests no such dissimilarity could be detected. 

The characters of the growth on potato, as a test for B. coli, is without 
much value. Even as a means of discriminating between B. coli and B. 
typhosus its utility is only relative. Indeed, about 7 per cent. of the 
coli-like microbes gave on potato a transparent barely visible growth. 


Column 17.—Mirate broth. 


No less than 100 per cent. of the coli-like microbes reduced nitrates to 
nitrites. — 
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Column 18.—Proskauer and Capaldi medium No. I. 


Ninety-eight per cent. of the microbes gave a positive result—namely, a 
bright cherry red coloration within twenty-four hours at 37°C. Three 
microbes (100, 101, and 102) gave rise only to slight acidity in the medium. 
These micro-organisms gave atypical results also in lactose peptone, litmus 
milk, and lactose peptone milk cultures. This test (in conjunction with 
medium No, II.) has its highest value in discriminating hetween atypical 
B. coli and B. typhosus. 


Column 19.—Proskauer and Capaldi medium No. II. 


All the 101 B. coli gave rise to a bleached appearance without definite 
indication of acidity. Nevertheless, with a considerable proportion it was a 
question whether some degree of acidity was not produced, although the 
appearances were in no case such as would be likely to be confounded with 
the distinct acidity produced in this medium by B. typhosus. As previously 
explained, Proskauer and Capaldi’s media are of most value in differentiating 
B. typhosus from the atypical members of the coli group. There is no 
difficulty in discriminating by the use of these media between typical B. coli 
and B. typhosus. This discrimination, however, is easily effected by a large 
number of other tests. The difficulty arises when we have to deal with 
aberrant forms of B. coli, and it is precisely these microbes which are most 
likely to create confusion alike in Proskauer and Capaldi’s as in other media. 
by their negative characters or lack of strength in respect of positive 
attributes, 


Column 20.—-Litmus whey cultures. 


The results may be briefly summarised as follows :— 


Ninety-six per cent. of the coli-like microbes required from 28 to 46 per 
cent. —N a, CO; to neutralise the acidity. 


One microbe (21) required 17 per cent. ~ Na, CO. 
Four microbes (3,.4, 5, and 6) produced little or no acidity. 


Microbes 3, 4, 5, 6, and 21 were atypical in lactose peptone and in lactose 
peptone milk media, and microbes 5 and 21 did not clot milk. 


It is obvious that an overwhelming majority of the coli-like microbes: 
produced a large amount of: acid in litmus whey cultures. As regards this. 
test, as with the foregoing tests, the fecal coli microbes were conspicu- 
ous by reason of the “ strength of their positive attributes.” 


It would be saying too much to assert that a coli-like microbe not requiring 
less than 28 to 46 per cent. * Na, CO, to neutralise the acidity produced in 
litmus whey cultures was not intestinal in origin. Nevertheless, failure to 
reach this standard would not further the claim of a microbe to be regarded. 
as B. coli. 


Column 21.—Virulence in broth cultures. 


Only nine of the 101 B. coli were found to be virulent in rodents. Many 
of the B. coli were pathogenic, inasmuch as they produced a swelling at the 
site of the inoculation accompanying non-fatal illness of the animal. But it 
was considered advisable to class all microbes as non-virulent which did not 
kall the guinea-pig within 48 hours when 1 ¢.c. of a two days’ broth culture 
(incubated at 37° C.) had been injected subcutaneously. 


Of the virulent B. coli some were not otherwise altogether typical: e.9., 
microbes 3 and 4 did not ferment lactose and produced no definite acidity 
in litmus whey culture, and microbe 21 produced only a trace of gas in 
lactose peptone mediuny, an atypical change in lactose peptone milk medium 
no clot in litmus milk cultures, and a relatively small amount of acid in 
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litmus whey cultures. Microbe 47 did not clot milk. While in all important 
cases the inoculation of animals is to be recommended, the foregoing results 
do not seem to indicate that as a routine test for B. coli animal experiments 
are necessary or altogether justifiable. It is true that in this inquiry only 
normal stools have been dealt with, but in the bacterioscopic examination of 
water from a public health point of view it is impossible to discriminate 
between the B. coli derived from the excremental matters cf healthy as 
compared with those of diseased persons. 


Column 22.—Liquefaction of gelatine. 


None of the 101 B. coli liquefied gelatine within 30 days. As a matter of 
fact, none of them have shown any liquefaction after the lapse of several 
months, but the limit arbitrarily fixed for observation was 30 days. But 
there are microbes apparently colt-like which slowly liquefy gelatine ; 
microbes, moreover, which respond positively to some of the tests for B. colli. 
These microbes have been found not infrequently in polluted liquid and 
solid substances, and it may be that the presence of such microbes is not 
unassociated with objectionable contamination. Nevertheless, it cannot be 
said that a liquefying coli-like microbe is to be classed as typical B. coli. 
The difficulty, of course, is that liquefaction, when it occurs, is commonly 
very gradual, of the nature of a slow softening of the gelatine; and it is 
manifestly inconvenient in routine work to suspend judgment for a 
prolonged period while old cultures are kept under observation. 


AGGLUTINATION EXPERIMENTS. 


Column 23.—Anti-typhoid quinea-piy serum (guinea pig Immunised with living 
cultures of B. typhosus). 


The dilution used was 1:20; the time of microscopic observation was 
one hour. The serum of the guinea-pig immunised as above, tested with B. 
typhosus, gave almost instantaneous clumping with a dilution of 1 : 50. 
When the dilution was 1 : 200 partial but incomplete clumping occurred. 


Of the 101 B. colino less than 98 gave a negative result. One (51) gave 
a slight indication (? negative) of clumping. Two (57 and 58) yielded strongly 
positive results, yet appeared with regard to tests other than agglutination 
tests to be typical B. coli. These microbes (57 and 58) were also agglutinated 
by the blood both of (a) the persons from whose feeces each respective strain 

of B. coli had been derived and (b) of persons whose feces were not the. 
- source of any of the microbes in question. Berne anti-typhoid serum, how- 
ever, in a dilution of 1 : 200, yielded inconclusive results. Nos. 57 and 58: 
were used severally to immunise two guinea-pigs, and the specific sera of 
these rodents were tested against 57 and 58 B. coli, against B. typhosus, 
and againsta large number of B. coli other than 57 and 58. The results 
are given in a separate table (Table 2), and they may be summarised as 
follows :— 


The specific sera 57 and 58 gave only an incomplete reaction (1 : 20: 
dilution) with B. typhosus. Serum of microbe 57 agglutinated both B. coli 
57 and B. coli 58 to about the same extent, namely, 1 : 200 dilution, gave: 
almost instantaneous result ; 1: 400 dilution, decided clumping ; 1 :600 
dilution, indication of but incomplete agglutination. Serum of microbe 58. 
agelutinated both B. coli 57 and 58 to about the same extent, namely, 1 : 800 
dilution, complete agglutination ; dilution 1 : 1600, indication of but incom-- 
plete clumping. 


Tt should be noted that B. coli 57 and 58 were derived from the same 
dilution of the same stool, and these microbes were doubtless closely akin. 
The sera of 57 and 58 B. coli, however, did not agglutinate microbes 55, 
56, 59, and 60, which were all isolated from the same stool as B. coli 57 and 
58. Neither did their sera agglutinate any of the numerous other strains 
of B. coli that were tested except coli 51, 52, 53, and 54, and then only in 
low dilutions. 
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Serum of 57 B. coli was thus, exclusive of microbes 51, 52, 53, 54, specific 
only for 57 and 58 coli. 


Serum of 58 B. coli was, exclusive of microbes 51, 52, 53, 54, specific only 
for 58 and 57 coli. 


Column 24.—Anti-typhoid Berne serum. 


The dilution used was 1 : 200; the time of microscopic observation was 
one hour. The serum tested with B. typhosus gave complete clumping with 


a dilution of 1: 500, and nearly complete agglutination with a dilution of 
1 : 1000. 


Of the 101 B. coli no less than 82 gave a completely negative result. 


As regards the remainder, microbes 13, 14, 44, 45, and 47 (possibly also 
36, 46, 48, and 35) gave some indication of clumping. Microbes 27, 31, 32, 
33, 34, 38, 39, 57, and 58 were practically negative or query negative with 
regard to clumping. Microbe 41 gave a positive reaction, dilution 1 : 200, 
and an incompletely positive result, 1 : 800. 


Column 25.—Serum of persons supplying the feces from which B. coli were 
isolated. 


A dilution of 1 : 20 was used, and the time of microscopic observation was 
-one hour. 


-Of 101 coli-like microbes, 66 yielded completely negative results. 
‘As regards the remainder :— 


Microbes 9, 11, 17, 25, 33, 34, 52, 87, and 89 gave only a suspicion of 
clumping. 


Microbes 35, 36, and 41 gave an indication of clumping, but it was 
incomplete. 


44, 46, and 91 yielded practically negative results. 


Perhaps all these should be regarded as practically negative, which would 
alter the figures from 66 to 66415 =81 (about 80 per cent.). 


‘The remaining microbes fall into the following categories :— 


j 13. Positive 1 : 20, but negative 1 : 80. 

| 14. Positive 1 : 20, but negative 1 : 80. 

| 27. Positive 1 : 20, suspicion of clumping 1 : 80. 

28. Positive 1 :20, suspicion of clumping 1 : 80. 

29. Positive 1 : 20, negative 1 : 80. 

31. Decided clumping 1 : 20, 

32. Fair clumping 1 : 20, 

39. Positive 1 : 20, practically negative 1 : 100. 

40. Same results as 39. 

42. Distinct clumping, 1 in 20. 

45. Strongly positive. 

47. Fair clumping. 

48. Fair clumping. 

51. Positive 1 : 20, negative 1 : 100. 

57. Positive 1 : 20, indication but incomplete 1 : 100. 
58. Positive 1 : 20, indication but incomplete 1 : 100. 
83, Fair clumping 1 : 20, negative 1 : 100. 

85. Slight clumping 1 : 20. 

86. Slight clumping 1 : 20. 

88. Fair clumping 1 : 20. 


Microbes. 
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Considering all these as positive it may be said that about 80 per cent. 
were practically negative and about 20 per cent. positive. | 


However these results be interpreted, it is obvious that a much larger 
percentage of the 101 specimens of B. coli were agglutinated definitely with 
the blood (dilution 1 : 20) of the persons supplying the B. coli from the 
feeces than were agglutinated with anti-typhoid guinea-pigs’ blood (dilution 
1 : 20) or anti-typhoid Berne serum (dilution 1 : 200). From this it 
might be contended that a proportion of the individuals whose stools 
were tested against their own B. coli were subjects of.a kind of coli 
intoxication. But to this the objection might be made that certam 
specimens of B. coli are in “negative sympathy,” if such a term be permissible, 
with the blood of human beings in general ; that is, that human blood has 
an inherent property of agglutinating particular strains of feecal B. coli 
independently of their origin. 


Column 26.—Serum of persons not supplying feces from which Bb. coli of 
experiment were rsolated. 


A dilution of 1:20 was used, and the time of microscopic observation 
was one hour. 


Of 101 B. coli, 64 yielded completely negative results. 


As regards the remainder :-— 


Microbes 9, 15, 18, 24, 85, 87, and 90 gave only a suspicion of 
clumping, and 16 showed only partial clumping. 


33, 34, 35, and 36 may, perhaps, be classed as giving 
an indication of clumping. 


9? 


% 

39, 46, 51, and 52 were practically negative. Possibly 
all these should be regarded as practically negative, 
and if so this would alter the percentage from 64 to 
64 + 16 = 80. 


The rest fall into the following categories :— 


Miicrobestusmitmt()) 27, 28.09, 31, 32, 57, 58, 75, 77, and. 78, 
positive 1 :20 ; negative either 1 : 80 or 1 : 100 
dilution. 


a 41, 42, and 48, distinct clumping. 
e 45, strongly positive. ; 

iy 47 and 83, fair clumping. 

* 88 and 89, slight clumping. 


Considering all these as positive, it may be said that about 80 per cent. 
were practically negative and about 20 per cent. positive. 


These figures are identical with those given in summary of column 25 in 
the previous paragraph ; and it.is important in each case to note whether a 
given specimen of B. coli yielded positive or negative results alike with (a) 
the serum of the person whose faeces supplied the microbe under investigation 
and ()) with that of an individual not supplying the microbe. 
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To illustrate this point it will be sufficient to arrange in parallel columns 
the two series of positive results. 











Serum of person supply-. Serum of person not 
ing B, coli from feces | supplying B. coli and. 
and causing agglutina- causing agglutination 
tion of the— of the-— 
Microbe. Microb ». 

13 13 

14 14 

— 17 

27 27 

28 28 

99 | 29 

31 31 

32 32 

39 ae 

40 aoe 

oe 4} 

42 42 

45 45 

47 47 

48 eo 43 

51 oe 

57 | 57 

58 58 

ria 75 

=a 17 

= 78 

83 83 

85 cm 

86 ; = 

88 88 a 

— 89 abe 











It is obvious that in nearly all cases each individual specimen of B. coli 
agglutinated equally well with the sera of the persons whose feces did 
not supply as with the sera of the persons whose feeces did supply the B. coli. 
It would thus seem as if certain specimens of B. coli were readily agglutinated 
with the serum of human blood, independently of the individual supplying 
the blood. Turning to the cultural characters in various media of those B. coli 
which yielded positive results, there is found to be no definite or constant 
indication of these B.’ coli being in any way different from their neighbours. 
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This compels the conclusion that ordinary tests may throw into one group 
coli-like microbes which may subsequently be found to differ conspicuously 
one from another in their behaviour to different sera. 
be more than mere coincidence that more than half (five out of nine) of 
the virulent (Column 21, Table 1) B. coli were among the microbes which 
agglutinated in the presence of certain sera. 


It may, however, 


Classification of the B. coli derived from normal human feces. 


Two bases of classification may be given, as follows : 


CLASSIFICATION I. 





Percentage number of B. coli giving with each separate test the result stated 

















below :— 
Percentage number of 
Test, oer ee 
stated in column 1. 

Cols. ‘ | 1. 2, 

1 Motility 89 

2 “Gas” in gelatine “ shake” cultures 100 

3 Acid and gas formation, glucose peptone medium ... 100 

4 Acid and gas formation, lactose peptone medium 92 

5 [Cane-sugar peptone medium, negative or atypical results| ... (93)* 

6 [Dulcit peptone medium, acid or bleached appearance, with gas formation] ... (55)* 

7 Neutral red broth, greenish-yellow fluorescence 98 

8 Indol test (indal in broth cultures) 98 

9 Litmus milk cultures (acid and clet)... 92 
10 Lactose, peptone, sodium carbonate, milk medium (gas, acid, and clot) 90 
11 Nitrate broth (veduction of nitrates to nitrites) 100 
12 Proskauer and Capaldi Medium Wo. I. (bright cherry-red colour within 24 98 

hours). 
13 Proskauer and Capaldi Mediwm No. IT. (bleached appearance, no definite 100 
acidity). 
NV 

14 Lrtmus whey cultures (28 to 46 per cent. To Na, CO; to neutralise the acidity) 96 
15 [V Dees in broth cultures (death of rodent within 48 hours)| (9)* 
16 [No liquefaction of gelatine} (100)* 


The growth on potato and agglutination experiments are not included 
here. ; 


* The figures are placed *& brackets because the corresponding tests stand on a somewhat different 


footing to the other tests. 
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CLASSIFICATION IT, 


Percentage number of B. coli, fulfilling, a 


microbes that failed 


separate groups. 


ll the tests, and number of the 
the latter being subdivided into 


. 
’ 


ts 


in Oné or more respec 


In this classification 
pathogenicity, are excluded from consideration. 


the cane-sugar and dulcit tests, and tests for 





Or 
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It will be noted that as regards 12 tests :-— 
72 per cent. of the coli were in all respects typical. 


29 per cent. failed in one or more respects ; 
The 29 per cent. comprised 11 per cent. which, although seemingly 
non-motile, were typical in all other respects. 
1 per cent. non-motile and atypical in lactose peptone milk media. 


2 per cent. failed as regards indol only. 

2 per cent., typical in all other respects, produced no greenish yellow 
fluorescence in neutral red broth. 

1 per cent. atypical only as regards the lactose peptone milk test. 

4 per cent. failed only as regards the litmus milk test. 


3 per cent. atypical in lactose, lactose peptone milk, and litmus whey 
cultures. 


2 per cent. atypical in lactose, litmus milk, lactose peptone milk, and 
litmus whey cultures. 


3 per cent. atypical in lactose, litmus milk, lactose peptone milk, and 
Proskauer & Capaldi’s (Medium No. I.) cultures. 


Of the 29 per cent. not completely positive, the majority failed to so 
slight an extent that they could hardly be classed as atypical B. coli; for 
example, if the test for motility be excluded from consideration, then 83 per 


cent. of the B. coli were typical. 


SECTION II. 


MoRPHOLOGICAL AND BIOLOGICAL CHARACTERS OF 100 B. COLI DERIVED FROM 
CRUDE SEWAGE AND 100 B. COLI ISOLATED FROM SEWAGE EFFLUENTS.* 


Methods. 


The dilutions and primary cultures (in bile-salt glucose peptone medium) 
were made on the spot immediately after the collection of the sample. 


Dilution : 


(a) 1 cc. of the sample was added to 9 cc. of sterile water con- 
tained in a test-tube. This dilution was called dilution (1). 
Each ¢c.c. of the mixture represented ‘1 c.c. of the sample. 

(b) 1 ¢.c. of dilution (1) was added to another tube containing 9 c.c. 
of sterile water. This dilution was called dilution (2). Each 
c.c. of the mixture represented ‘01 c.c. of the sample. 


(c) lec. of dilution (2) was added to another tube containing 9 cc. 
of sterile water. This dilution was called dilution (3). Each 
c.c. of the mixture represented ‘001 c.c. of the sample. 


(d) 1 c.c. of dilution (3) was added to another tube containing 9 c¢.c. 
of sterile water. This dilution was called dilution (4). Each c.c. 
of the mixture represented ‘0001 c.c. of the sample. 


(e) 1 ec. of dilution (4) was added to another tube containing 
9 c.c. of sterile water. This dilution was called dilution (5). 
Each c.c. of the mixture represented ‘00001 c.c. of the sample. 


(f) 1 cc. of dilution (5) was added to another tube containing 9 c.c. 
of sterile water. This dilution was called dilution (6). Each 
c.c. of the mixture represented ‘000001 c.c. of the sample. 








* The effluents were not all final effluents, and some precipitation liquors are included 
under this heading. 
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(c) 1 cc. of dilution (6) was added to another tube containing 9 

~ ec. of sterile water. This dilution was called dilution (7). 
Fach cc. of the mixture represented 0000001 c.c. of the 
sample. 

(h) 1 cc. of dilution (7) was added to another tube containing 9 
c.c. of sterile water. This dilution was called dilution (8). 
Each c.c. of the mixture represented ‘00000001 c.c. of the 
sample. 


The amount of sewage or effluent in 1 c.c. of each of the above 
dilutions is shown in the following table :— 








To obtain results 
per c.c. of sample 
multiply results 


Each c.c. represents the following 
Dilution. fractions of a cubic centimetre of 
the sample : —- 








by :— 
(Lie te a 10 
(2) 100 01 100 
(3) ieee 001 1,000 
(4) relies 6001 10,000 
(5) ape leed 00001 100,000 
(6) a ae 000001 1,000,000 
(7) Aes ae 0000001 10,009,000 
(8) Bas T Bs oo 00000001 100,000,000 


| 


Primary bile-salt glucose peptone cultures were made from the various 
dilutions, 1 c.c. being used in each instance. After incubation at 37° C. for 
two days surface gelatine plate cultures from the primary cultures were 
made. On the second day they were examined, and the subsequent pro- 
cedure was exactly as described under ‘‘ methods” in the previous section. 
That is, two typical-looking B. coli were subcultured from the last three 
plates from the last three dilutions showing the presence of B. coli. 

The tests employed differed in some respects from those used in the exam- 
ination of the feces. They may be summed up as follows :—* 





Motility. 
Gelatine “ shake” cultures, for gas formation. 


Glucose peptone cultures 
Lactose peptone cultures 
Dulcit peptone cultures 
Cane-sugar peptone cultures | 
Mannite peptone cultures 
Rafinose peptone cultures 
Salicin peptone cultures 
Inulin peptone cultures) 


For observation as regards gas formation. 





Broth cultures, for indol formation. 
Litmus milk cultures, for acid clothing of the medium. 
Neutral-red broth cultures, for greenish yellow fluorescence. 


The results are given in Tables 3 and 4. 


* Tam greatly indebted to’ Miss Chick and Miss Hartley for their valuable assistance during 
this investigation. 
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Analysis of the Results. 
Dealing with the various columns seriatim :— 


Column 1. Jdentification number of B. coli. No comment is needed 
here. 


Column 2. Source of Sewages and Iifluents. 





Sewages. Effuents (including some 
precipitation liquors). 

Hendon Ducat filter effluent at Hendon (continuous filtra- 
Ealing tion process). 
Ilford Ealing effluent (lime and alumino-ferric precipitation 
Hampton and one contact bed). 
Kingston Croydon (S. Norwood) effluent (land treatment). 
Caterham Barracks Ilford effluent (lime and ‘ copperas” precipitation 
Croydon (Beddington) | liquor). 
Sutton Barking effluent (lime and protosulphate of iron 
Barking : precipitation liquor). 
Maidstone | Hampton effluent (three contact beds, but first two 
Guildford | practically worked as “streaming ” filters). 
Godalming | Kingston effluent (A.B.C. precipitation liquor). 
Leeds Croydon (Beddington) effluent (land treatment). 
Normanton Barking effluent (precipitation and one contact 
St. Albans bed). 
Aldershot Camp Aldershot Camp effluent (land treatment). 


Croydon (S. Norwood) | Newton-le-Willows effluent (one contact bed). 

Manchester effluent (open septic tank and one 
contact bed). 

Oswestry effluent (settling tank and two contact 
beds). 

Liverpool Fever Hospital (at Fazakerley) effluent 
(closed septic tank and two contact bed effluents). 

Accrington effluent (open septic tank and con- 
tinuous filtration process). 

Leeds effluent (closed septic tank Nat one contact- 
bed 

Shisley effluent (settlement and two contact beds). 


With the following exceptions the sewages may be regarded as domestic 
{or nearly so)* :— 


Normanton sewage contains a good deal of slop water, 


Hendon sewage (much laundry refuse) 


Kingston sewage (a little brewery refuse) Domestic mixed with 

Ilford sewage (washings from photographic works) i. ie DoEan 

Oswestry sewage (cattle market and a little brewery Reet saie Rei 
refuse) ph 


Godalming sewage (tannery refuse) 


Barking sewage 

Maidstone sewage 

Guildford sewage 

Leeds sewage Mixed with trade refuse. 
Manchester sewage 

Oswestry sewage 

Shipley sewage 


Fazakerley sewaye is an example ofta Fever Hospital (Liverpool) sewage. 


*T am indebted to the notes of my colleagues, Dr. McGowan, Mr, Frye, and Mr. Kershaw, 
for the foregoing classification. 
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{fp das ite 30h 


TDs 
‘N es es at —_—— — 
Column 3. an aan 


By “= is meant the last dilution of the sample yielding B. coli, =— 


represents the dilution ten times lower, and = the dilution one hundred 


times lower in the scale of dilutions. Thus, two microbes from each 
of the last three dilutions yielding B. coli in each of the 17 samples were 
selected for examination.* The dilutions were made in successive tenths, 
i.e., by the decimal mode of dilution. , 


SEWAGES. | EFFLUENTS. 
Column 4.—The 100 specimens of B. coli were isolated respectively from :— 


(Derived respectively from 17 different sources.) 


Cc. C.C. 
1/1,000,000, sixteen per cent. 1/1,000,000, two per cent. 
1/100,000, twenty-eight per cent. 1/100,000, sixteen per cent. 
1/10,000, thirty-four per cent. 1/10,000, twenty-two per cent. 
1/1,000, eighteen per cent. 1/1,000, thirty per cent. 
1/100, four per cent. 1/100, eighteen per cent. 


1/10, twelve per cent. 
Column 5.—Motility. 


Motile 71 per cent. Motile 79 per cent. 


Non-motile or not : Non-motile er not 
29 per cent. 


ae e- 
observed to be motile observed to be motile L per, cent. 


Column 6.—“Gas” in ordinary gelatine “ shake” cultures (24 hours at 20° C.). 


Positive result, 100 per cent. | Positive result, 100 per cent. 


Column 7.—Gas formation in glucose peptone medium (2 days at 37° C.). 


Positive result, 96 per cent. . | Positive result, 98 per cent. 
Slight gas formation, 4 per cent. Slight gas formation, 1 per cent. — 
| Negative result, 1 per cent. 


Column 8.— Gas formation in lactose peptone medium (2 days at 37° C.). 


Positive result, 92 per cent. 
Slight gas formation, 4 per cent. 
Negative result, 4 per cent. 


Positive result, 94 per cent. 
Negative result, 6 per cent. 





Column 9.—Gas formation in cane-sugar peptone medium (2 days at 37° C.). 


Positive result, 32 per cent. 
Slight gas formation, 5 per cent. 
Negative result, 62 per cent. 

| No record, 1 per cent. 


Positive result, 29 per cent. 
Slight gas formation, 3 per cent. 
Negative result, 68 per cent. 





Column 10.—Gias formation in dulcit peptone medium (2 days at 37° C.). 


Positive result, 34 per cent. | Positive result, 44 per cent. 
Slight gas formation, 4 per cent, Slight gas formation, 5 per. cent. 
Traces of gas, 1 per cent. Traces of gas, 1 per cent. 
Negative result, 61 per cent. ¢@ nogas, 1 per cent. 

. Negative result, 49 per cent. 














* As regards the 17th sayzple of sewage and of effluent, two B. coli from the last two (instead 
of the last three) dilutions were selected for examination so as to bring the total number of 
B. coli up to exactly 100. 
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Source of Effluent, 





Ducat filter process 
(Hendon), 


Ealing Effluent 
(precipitation and 
one contact), 


” 


Croydon, 8. Norwood 
(Land Eifluent), 


” 
» 


” 


Ilford  precipita- 
tion liquor, 


” 


Ee precipita- 
tion liquor, 





Hampton final efflu- 
ent (contact bed 
process). 

» 


Kingston precipita- 
tion liquor, 


” 








Croydon, Bedding- 
ton land effluent. 


” 


» 


Barking, contact bed 
effluent. 





” 


” 


Aldershot Camp, 
land effluent, 


” 
» 


» 


Newton-le-Willows, 
contact bed 
effluent. 


” 


| 
Manchester, contact 
bed effluent. 


Oswestry, 2nd con- 
tact bed effluent 


» 


» 





Liverpool Fever 
Hospital, at Faz~ 
akerley (septic 
tank and two con- 
tact beds). 


» 





» 





Accrington, effluent 
(septic tank and 
continuous filtra- 
tion). 


” 
” 


” 


Leeds, effluent 
(septic tank and 
one contact bed). 

” 


Shipley, effluent 
(two contact beds), 
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SEWAGES. EFFLUENTS. 


Column 11.—Gas formation in Mannite peptone medium (2 days at 37° C.). 


Positive result, 96 per cent. | Positive result, 100 per cent. 
Slight gas formation, 4 per cent. liegiad 


Column 12.—Gas formation in Raffinose peptone medium (2 days at 37° C.).* 


Positive result, 5 per cent. | Positive result, 15 per cent. 
Slight gas formation, 9 per cent | Shght gas formation, 4 per cent. 
Traces of gas, 17 per cent. | Traces of gas, 11 per cent. 
Negative result, 69 per cent. | Negative result, 70 per cent. 





Column 12.—Gas formation in Salicin peptone medium (2 days at 37° C.).* 


Positive result, 33 per cent. | Positive result, 22 per cent. 
Slight gas formation, 9 per cent. | Slight gas formation, 10 per cent. 
Traces of gas, 16 per cent. | Traces of gas, 18 per cent. 
Negative result, 42 per cent. | Negative result, 50 per cent. 


Column 14.—Gas form ition in inulin peptone medium (2 days at 37° C.) 


Negative result, 100 per cent. | Negative result, 100 per cent. 


Column 15.—Greenish-yellow fluorescence in neutral red broth cultures (2 days 


GU Sh Gx): 
Positive result, 95 per cent. Positive result, 83 per cent. 
¢ Negative result, 1 per cent. ? Negative result, 5 per cent. 
Negative result, 4 per cent. Negative result, 12 per cent. 


Column 16.—Indol in broth cultures (5 days at 87° C.). 

Positive result, 85 per cent. | Positive result, 70 per cent. 
Negative result, 15 per cent. | Negative result, 30 per cent. 
Column 17.—Acid clot in litmus milk cultures (5 days at 37° C.).t 
Positive result, 92 per cent. | Positive result, 80 per cent. 
Negative resuit, 8 per cent. | Negative result, 20 per cent. 
Column 18.—Liquefaction of gelatine (30 days at 20° C.). 


No liquefaction, 98 per cent. | No liquefaction, 99 per cent. 
Slow liquefaction, 2 per cent. | Slow liquefaction, 1 per cent. 








* Dr. Gordon has found some of these tests (¢ g., raftinose and salicin) of value in the differentia- 
tion of streptococci. They serve here to indicate that some races of B. coli, which seem identical 
when examined by the ordinary tests, may be shown by amplifying the number and kind of tests 
to present certain points of difference. How far it is desirable to consider thes differences as 
indicating a difference of species among the B. coli group of microbe is a difficult question. 


+ In the Chichester inquiry of the well-water B. coli, only 76, 28, and 38 per cent. yielded 
positive results with the nentral red broth, indol, and litmus milk tests respectively, (See page 
547, App. B., No. 5, Report of the Medical Officer, Local Gov. Board, 1902-3.) 
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Classification of the B. coli derived from the sewages and effluents. 


CLASSIFICATION I. 


Percentage number of B, coli giving with each separate test the results 
stated below :— 








Te.ts. Percentage number of B. 
coli giving with each 
[For the sake of simplicity feebly positive and atypical results | separate test the result 























are recorded as negative.* | stated in column 1. 
Cols. is 2. | 3. 
Sewage, Effluents, 
Per cent. Per cent. 
1. Motility - ss - . . - ads eee . 71 79 
2. Gas in gelatine “shake” cultures - - - =. gs - 100 100 
3. Gas formation in glucose peptone cultures - : : 96 98 
4, Gas formation in lactose peptone cultures = - - - - 94 oo 
5. Gas formation in cane-sugar peptone cultures : - - 29 32 
6. Gas formation in dulcit peptone cultures - - - 34 ad 
7. Gas formation in mannite peptone culturcs—- - = 3 96 100 
8. Gas formation in raffinose peptcne cultures - . - - 5 15 
9. Gas formation in salicin peptone cultures - - - . 33 22 
10. Gas formation in inulin peptone cultures Read - - none none 
11. Greenish-yellow fluorescence in neutral red broth cultures — - 95 83 
12. Indol in broth cultures - : - - : . <a 85 70 
13. Acid clot in litmus milk cultures - . - . - 92 80 
14. ‘No‘liquefaction of gelatine. =) |=) 98 99 











CLASSIFICATION IT. 


Percentage number of B. coli fulfilling all the tests, and number of those 
microbes that failed in one or more respects; the latter being subdivided into 
separate groups. 


In this classification the cane-sugar, dulcit, mannite, raffinose, salicin, 
and inulin tests are excluded from consideration. Moreover, as regards 
the other tests, atypical or doubtfully positive results are recorded as 
negative. . 





_* It is obvious, however, that the percentage figures will vary greatly according to whether feebly 
ositive and atypical results be recorded as positive or negative. As the results! are given in detail in 
ables 3 and 4, the reader may interpret them in whatever way seems best. 
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noted that as regards the seven tests enumerated -— 


63 per cent. of the sewage coli were in all respects typical. 


37 per cent. failed in one or more respects. 


The 37 per cent. comprised 22 per cent. which, although seemingly non- 
motile, were typical in all other respects ; and with regard to the other 
15 atypical microbes :— 


4 per 
3 per 
1 per 
1 per 


1 per 


3d per 


2 per 


cent. were non-motile and non-indol producing. . 
cent. failed as regards indol. 

cent. failed as regards indol and clot. 

cent. failed as regards indol, clot, and neutral red. 


cent. failed as regards indol, clot, glucose, lactose, and neutral 


red. 
cent. failed as regards ditto, but also non-motile. 


cent. failed as regards indol, clot, lactose, and slowly liquefied 


. gelatine. 


Hence of the 37 per cent. not completely positive, the majority failed to so 
slight an extent that they could hardly be classed as atypical B. coli, 
For example, if the test for motility be excluded from consideration, no less 
than 85 per cent. were typical. 
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It will be noted that as regards the seven tests enumerated :— 
48 per cent. of the effluent coli were in ail respects typical. 
52 per cent. failed in one or more respects. 


The 52 per cent. comprise 13 per cent. which, although seemingly non- 
motile, were typical in all other respects :— 


1 per cent. failed as regards clotting milk. 

3 per cent. failed as regards the neutral red broth test. 
S per cent. failed as regards the indol test. 

2 per cent. failed as regards indol and were non-motile. 
4 per cent. failed as regards indol, clot, and neutral red. 
© per cent. failed as regards indol and clot. 


2 per cent. failed as regards clot and neutral red and were non- 
motile. 


1 per cent. failed as regards indol and neutral red, and slowly liquefied 
gelatine. 


1 per cent. failed as regards the lactose and indol tests. 


} per cent. failed as regards the lactose and indoi tests and did not clot 
milk. 


2 per cent. failed as regards the lactose, neutral red, and indol tests 
and did not clot milk. 


1 per cent. failed as regards the neutral red broth test and did not 


clot milk. 


2 per cent. failed as regards the neutral red broth test and were non- 
motile. 


2 per cent. failed as regards the indol, glucose, and neutral red broth 
tests and were non-motile. 


Of the 52 per cent. not completely positive, the majority failed to so slight 
an extent that they could hardly be classed as atypical B coli. For exam- 
ple, if the test for motility be excluded from consideration, 61 per cent. were 
typical. 


Relation between the lactose peptone and litmus milk tests. 


The lactose peptone test was seldom. used by bacteriologists a few 
years ago, because it was contended, with a certain amount of reason, that 
the litmus milk test’ gave somewhat parallel results. While the value of 
the lactose peptone test is undoubted, it is well to remember that there 
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are chromogenic (yellow) microbes bearing no close kinship to B. coli 
which ferment lactose vigorously. Some of these microbes liquefy gelatine. 
McConkey was, it is believed, the first to call attention to the occasional 
presence of these micro-organisms in water. The writer has isolated 
apparently similar microbes from drinking water, shell-fish, estuarial water, 
cress, and polluted waters. On the other hand, some highly pathogenic 
microbes (¢.g., Giirtner’s bacillus and B. typhosus) do not ferment lactose. 


With the object of showing the degree of parallelism between the 
gaseous fermentation of lactose and acid -clotting of milk diagram 1- 
is given. For comparative purposes the diagram includes the results of the 
examination of 100 consecutive specimens in each case of B. coli isolated 
from estuarial waters *; oysters t; cress, and water in which cress was 
being grown {; and London filtered water.§ The diagram, of course, bears 
no reference to the number of B. coli or coli-like microbes in these different 
substances. or the sake of simplicity, feebly positive and atypical results 
are recorded as negative. 


It will be noted that the parallelism || between the gaseous fermentation 
of lactose and acid clotting of milk is striking; that the inability of a 
microbe to clot milk was more frequent than its failure to ferment lactose ; 
and that the B. coli derived from estuarial waters, oysters, cress, and - 
London waters were much less typical (as judged by these tests) than the 
B. coli isolated from feeces, sewage, and effluents. 


Comparison between the cane-sugar, dulcit, rafinose, and saticin tests, 


As the cane-sugar test is not always used, the dulcit test seldom used, and 
the raffinose and salicin tests practically never employed, it is of interest to 
compare these tests to see if any relation (direct or inverse) exists between 
them. 


The results as regards the sewage B. coli are shown in diagram 2. In the 
diagram the cane-sugar results are compared with the dulcit, raffinose, and 
salicin results ; the dulcit results are compared with the raflinose and _sali- 
cin results; and, lastly, the raffinose are compared with the salicin results. 
Further, the observations are arranged under two headings, namely, positive 
(gas formation, varying, however, in degree from “copious” to “ traces” ) 
and negative (no gas formation) results. 


Apparently, there is no constant relation (direct or inverse) between the 
cane-sugar and dulcit or the cane-sugar and salicin tests, but there is a 
suggestion of a certain degree of direct parallelism between the cane-sugar 
and _ raffinose tests. 


The dulcit and raffinose, the dulcit and salicin, and the raffinose and 
salicin tests do not seem to show any constant correspondence (direct or 
inverse). 4] 


* Page 120 et seq. | a* 
Fourth Report of Royal Commission on Sewage Disposal, Vol. ILI. 


+ Page 127 et seq. | 
t Page 3 et seg. of Cress Note Book. 
\| Page 4 et seq. of London Filtered Waters Note Book. 


§ Of course, it must be remembered that outside the coli group of bacteria clotting of milk 
without parallel gaseous fermentation of lactose 1s a common event. For example, many 
streptococci of excremental origin clot milk, but none, in my experience, produce gas in lactose 
peptone medium. 


{| Possibly the cane-sugar and salicin tests, and perhaps the raffinose and salicin tests, show 
some slight inverse relation. 
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SECTION IIL. 


COMPARISON BETWEEN THE B, COLI or (a) NormMAL Human Faces, (b) SewaGe, 
AND (c) EFFLUENTS, 


Tn instituting this comparison, it needs to be remembered that in sewage 
containing much trade refuse, and in slop-water sewage, the percentage 
number of typical B. coli is undoubtedly lower than in purely domestic 
(water-closet) sewage. Some of the sewages included in this investigation 
were not purely domestic in character, and some of the effluents were derived 
from sewage containing trade refuse or a large proportion of slop water. 


Numerical abundance. 
In the following diagram, the number of B. coli per gramme of feeces in each 


of the 17 stools submitted to examination and the number of B. coli per. 


cubic centimetre in each of the 17 samples of (a) sewage and (b) effluent are 
brought into comparison :— 
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It will be noticed that the number of B. coli was less in the sewage 
than in the feeces, and much less in the effluents than in the sewage.* Too 
much stress, however, must not be laid on percentage reduction of B. coli 
in effluents as compared with sewage. From the bacteriological point of 
view, and on mathematical lines of reasoning, this may be the only means 
of gauging the degree of potential danger to health. But the epidemi- 
ologist is not misled by figures which indicate a remarkable degree of 
percentage purification if the actual number of objectionable microbes 
remaining in an effluent is unduly great. 





* For purposes of comparison, one gramme by weight of feces and one cubic centimetre by 
measure of sewage or effluent are considered identical. 


———_ -—. © . 


Percentage number of B. coli giving with each separate test the results 


stated below. 


It is desirable to bring into one table for comparative purposes the 
results which have been already set forth in separate tables, thus :— 








Percentage number of B. coli giving 
with each separate-test the results stated 
in Column 1. 


Tests. 
For the sake of simplicity feebly positive and 


atypical results are recorded as negative.*] 




















Feeces. | Sewage. | Effluents. 
! eee. 
Cols. 1 bey yh? | 3 4 
| 
-| Per cent. Per cent. Per cent. 
Motility - - - - - : - | 89 71 79 
Gas in gelatine ‘‘shake” cultures - . - 100 100 100 
Gas formation in glucose ventane cultures - : 100 96 98 
“Gas formation in lactose peptone cultures . 92 94 92 
Gas formation in cane-sugar peptone cultures - 8 29 32 
Gas formation in dulcit peptone cultures - - 55 34 44 
Gas formation in mannite peptone cultures No record 96 100 
Gas formation in raffinose peptone cultures ditto 5 15 
Gas formation in salicin peptone cultures . ditto 33 22 
Gas formation in inulin peptone cultures ditto ; None None 
Greenish-yellow fluorescence in neutral red broth 98° 95 83 
cultures 
Indol in broth cultures - - = : : - 98 85 70 
Acid clot in litmus milk cultures - - : : 92 92 80 
Acid, gas, and clot in lactose peptone milk cultures 90 No record No record 
Reduction of nitrates to nitrites - 100 ditto ditto 
eee hee colour Proskauer and Capaldi medium 98 ditto ditto 
o. I. oer 
No definite acidity Proskauer and Capaldi medium | 100 ditto ditto 
No. II. | 
28-46 per cent. ~ Na,Co,, litmus whey cultures | 96 ditto ditto 
Virulence in broth cultures - - - - - 9 ditto ditto 
No liquefaction of gelatine - - - - - 100 98 99 
Decolorisation by Gram’s method of stainingt - | Norecord | No 1ecord Rrerara 





* It is obvious, however, that the percentage figures will vary greatly according to whether the feebly 
positive and atypical results are classed as positive or negative. As full details are given in the 
various tables, the reader may place his own interpretation on the results. 


J This test was not used. It appears in this connection to be little better than a fetich. (See Saction IV. 
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As regards the comparative data, the points which seem to specially 
call for note are as follows -— 


A smaller percentage of the B. coli derived from sewage and from 
effluents were observed to be motile and a larger number fermented cane- 
sugar than was the case with the feecal B. coli. 


The B. coli from effluent were less typical than the fecal B. coli as 
regards the neutral red broth, indol, and litmus milk tests. 


Generally speaking the B. coli from effluent were less typical than the 
B. coli from sewage, and the sewage B. coli were on the whole less typical 
than the frecal B. coli. 


But the results perhaps hardly suggest that even the effluent B. coli 
qua attributes are much “safer” than the fecal B. coli, unless indeed the 
assumption be entertained that the observed difference in the results is due 
less to a certain proportion of coli-like microbes (but not true B, coli) being 
included in the analyses of the effluents than to a general “loss of attribute ” 
amongst the intestinal bacteria in the effluents ; loss of attribute being 
regarded as a result of separation of B. coli from the animal body and of 
the treatment of the sewage by one or another process.* 


Comparison between the “flaginac” B. coli in feces, sewages, and effluents. 


The great majority of fecal B. coli yield positive results as regards the 
glucose, mannite, lactose, neutral red, indol, litmus milk, and Proskauer and 
Capaldi No. I. tests. The great majority, likewise, reduce nitrates to nitrites, 
give rise to no definite acidity in Proskauer and Capaldi No. II. medium,: 
and are motile. A minority ferment cane-sugar t+ and only a few are 
virulent to rodents under the conditions of experiment. About one-half 
ferment dulcit. 


Krom the practical point of view, however, there is a great convenience 
in considering B. coli as a microbe which produces fluorescence (fl) in 
neutral red broth cultures, acid and gas (ag) in lactose peptone 
cultures, indol (in) in broth cultures, and acid and clot (ac) in litmus 
milk cultures. Such a microbe may conveniently be called “flaginac B. 
col,” { and when this term is applied it means that all the foregoing 
tests have been employed and have yielded positive results. 


Comparing the B. coli in feces, sewage, and effluents in the above. 
sense, it is to be noted that 85 per cent. both of the fecal and 
sewage B. coli were flaginac B. coli; whereas only 61 per cent. of 
the effluent B. coli fall under this category. 











* It is desirable to make this point quite clear. The effluents contained a smaller percentage 
of completely typical B. coli than the sewage or feces. This fact may be due to several causes acting 
separately or in conjunction. It may be that the process of sewage treatment leads either to a 
multiplication of the atypical coli-like microbes at the expense of the typical B. coli or induces 
typical B. coli to part with some original attributes, or allows both these processes to take 
place. From the epidemiological point of view the point is of great importance, because “ loss 
of attribute” as regards B. coli would suggest the possibility of “loss of virulence” in 
respect of pathogenic microbes. It should be remembered, however, that some sewages without 
corresponding effluents and some effluents without corresponding sewages were examined, so that 
in this sense the results are not strictly comparable. 


+ B. coli communis does not ferment cane-sugar. It is therefore correct to apply this term to a 
typical B. coli which does not ferment cane-sugar. But to call microbes which ferment 
cane-sugar B. coli communis seems anomalous. In human feces about 8 per cent. of the B. coli 
yield completely positive results, and about 22 per cent. give feebly positive results with 
this sugar. In sewage the proportion of positive results is higher. The term communis 
is perhaps best dispensed with. 


{ Practically, a “ flaginac B. coli” is to be thought of as a microbe which also ferments 
glucose and mannite ; produces strong acid in litmus whey cultures (about 28 to 46 per cent. 
ty Na,Co, required to neutralise) ; gives a positive result in Proskauer and Capaldi No: I. medium 
and no definite acidity in/Proskauer and Capaldi No. IJ. medium; and reduces nitrates 
to nitrites. Its claims to be considered typical are also enhanced if it does not ferment 
cane sugar and if it is found to be motile. 
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The atypical coli-like microbes may be grouped as follows :— 

















Coli-like microbes. Feces. Sewage. Effluents. 
Per cent. Per cent. Per cent 
Flinac 3 
Flin 5 
Flagin 4 - 1 
Flagac 2 7 10 
Flag 1 5 
Flac 1 
Fl 2 5 
Aginac 2 5 
Agin 3 
Agac 3 
Ag 1 4 
O.% 4 2 








~ It may be of interest to give for comparison some figures, as follows :— 


In the oyster inquiry it was found that out of 464 B. coli isolated from 


oysters (of varying degrees of purity) about 43 per cent. were “ flaginac” 
B. coli. 


As regards estuarial waters, out of 183 B. coli, about 66 per cent. were 
“‘flaginac ” B. coli. 


175 B. coli isolated either from watercress or the “washings” of cress, 
or the water in which the cress was grown, yielded 53 per cent. of “ flaginac ” 
B. coli. 


Taking 100 consecutive specimens of B. coli isolated in 1903 from the 
London filtered waters, only 25 per cent. were “ flaginac” B. coli. 


Considered apart from numerical abundance, however, the foregoing 
figures may be to some extent misleading. Thus, on the one hand, it is 
not infrequently found that a high total number of coli-like microbes may 
be associated with a low percentage of flaginac B. coli; and, on the other 
hand, that a small total number of coli-like microbes may be associated 
with a high percentage of flaginac B. coli. But how best to co-ordinate 
numbers and attributes is a matter yet to be determined. 





* This signifies a coli-like microbe which produced gas in gelatine “shake” culture, but gave 
negative results as regards the foregoing four tests. 
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SECTION IV. 


Tests RECOMMENDED FOR ADOPTION IN THE STUDY OF THE BIOLOGICAL 


ATTRIBUTES OF B. COLI AND COLI-LIKE MICROBES. 


It is obvious that the more tests applied, the better; it is nevertheless 
difficult, and in routine work impossible, to apply in each instance every 
known test. ; 


Much, of course, depends on the nature of the sample and the kind 
of information that is required. For example, in the case of substances (é.g., 
sewage, effluents, and grossly polluted waters) known to contain excremental 
matters in large amount, but few tests need as a rule be applied. But when 
drinking waters are under examination, and waters concerning which no 
definite information is available, or waters which although under suspicion 
have not been proved definitely to -be objectionably polluted, the case is 
widely different. 


In what follows it is assumed that the microbe has been isolated in a pure 
condition; that it has given rise to gas formation in gelatine “shake” culture ;* 
and that it either does not liquefy gelatine at all, or so slowly as not to merit 
its exclusion from the coli-like group of bacteria. 


As regards sewage, sewage effluents, and grossly polluted waters, it is 
usually sufficient to apply the indol and lactose peptone tests. 


In respect of drinking waters, the neutral red broth and litmus milk 
tests should also be employed, and possibly as well the cane-sugar test and 
test for motility. Many of the American bacteriologists lay stress on the 
value of the nitrate broth test, but, although B. coli of human fecal origin 
always give a positive result, the atypical coli-like microbes which it is 
sought to differentiate from typical B. coli commonly also reduce nitrates to 
nitrites. The mannite test is seemingly too catholic in character (sewage 
positive 96 per cent.; effluent positive 100 per cent.),f and the dulcit 
test possibly too selective (fseces positive 55 per cent.; sewage posi- 
tive 34 per cent.; effluent positive 44 per cent.). The latter test, 
however, has this advantage, that members of the Gartner and para- 
colon groups of microbes commonly yield a positive result. But 
we are dealing here with tests for typical B. coli rather than tests for 
differentiating B. coli from the foregoing pathogenic microbes. For a some- 
what similar reason Proskauer and Capaldi’s media (Nos. I. and IL.) are of 
secondary value as tests for B. coli, although they may be most useful in 
differentiating B. typhosus from other microbes. The lactose peptone milk 
test is of use, as practically it combines in one test the information yielded 
by the lactose peptone and litmus milk tests. The amount of acid produced 
in litmus whey cultures is no doubt an important factor, but the test need 
not be employed unless in exceptional cases. A similar remark applies to 
the test for pathogenicity, and, as so few of the feecal B. coli were found to be 
virulent, its use as a routine measure seems hardly justifiable. The inulin 
test appears to be useless unless it can be shown that atypical coli-like 
microbes commonly give a positive result with it, and this is certainly not the 
case in my experience. The raffinose and salicin tests may be of value as 





* Practically speaking, this test yields the same results as the glucose peptone medium. But 
if the gelatine medium is not properly prepared, or is made with Liebig’s extract of meat 
instead of fresh beefsteak, it is necessary to add glucose, in order to obtain gas formation. 


+ The same may be said of the glucose test, but there is a great advantage in retaining one 
comprehensive test, and the glucose test is perhaps the best for this purpose. 
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a means of separating otherwise indistinguishable B. coli into distinctive 
groups, but their value as routine tests can hardly be maintained. 


MacConkey has found Inulin and Adonite and Voges and Proskauer’s 
test useful for differential purposes, and the American bacteriologists rely 
a good deal on gas ratios (H and CO,). | 


On the whole, the tests for “ flaginac” B. coli. namely, the neutral red broth 
(fl = fluorescence), lactose peptone (ag =acid and gas), indol (in=indol) and 
litmus milk (ac. = acid and clot) seem most useful for routine work. But there 
is a good deal to be said in favour of the test for motility and the cane-sugar 
test. As regards the former, however, it needs to be remembered that 12 per 
cent. of the feecal B. coli were not observed to be motile, and many atypical 
coli-like microbes are highly motile. Thus of 71 gas-forming (but atypical 
either as regards the indol or litmus milk test or in respect of both tests) coli- 
like microbes isolated from the Chichester well waters (1900-1) 63 (about 
88 per cent.) were motile (App. B, No. 6, Report of the Medical Officer, 
Local Government Board, 1900-1). Similarly in 1901-2 the figures were : of 
45 atypical coli-like microbes 40 were motile (about 88 per cent.). In respect 
of the cane-sugar test, its use is apt to raise controversial points, as on the 
one hand Escherich’s B. coli communis does not ferment cane-sugar, and on 
the other hand 8, 29, and 32 per cent. respectively of the B. coli derived 
from faeces, sewage, and effluent yielded a completely positive result, and a 
still larger proportion a feebly positive or (?) negative result. Moreover, not 
only Escherich’s B. coli communis but also many of the atypical coli-like 
microbes met with in actual practice fail to ferment cane-sugar. Perhaps 
the proposition can be put most clearly by saying that a flaginac B. coli 
should be accepted as an excremental microbe, and that if it is motile and 
does not ferment cane-sugar its significance as an indicator of objectionable 
_ pollution is thereby increased.* 


With a view of showing the behaviour of gas-forming non-flaginac coli- 
like microbes when subjected to some of the tests which have just been 
considered an additional piece of work was undertaken. Fifty consecutive 
specimens of gas-forming but non-flaginac coli-like microbes were examined 
as regards motility, and in respect of the following tests :—Mannite, dulcit, 
cane-sugar, raffinose, salicin, inulin, and nitrate broth tests. Gram’s method 
of staining was also tried. The results are shown in the accompanying 
table (Table 5). 











*TIt is convenient if these tests are used to record the results in brackets after the words 
‘“‘flaginac B. coli.” Thus if a microbe is motile the letter M. and if non-motile the letters N.M. 
may be used. As regards the cane-sugar test, ¢.s.+ or ¢.s.— might stand respectively for positive 
or negative results. A completely typical B. coli in the foregoing sense would be described 
thus :—Flaginac B. coli (M. ; C. S.—). It is assumed that the microbe does not liquefy 
gelatine, but there are coli-like microbes which do liquefy gelatine slowly. In such a case the 
letters S.L. (slow liquefier) might be used. 


+ The non flaginac coli-like microbes were, as a matter of fact, derived from cress, the 
“‘ washings” of cress, and the water in which cress was growing. The reader must not infer 
from this circumstance that either cress or the water in which cress is grown, need necessarily be 
impure bacteriologically. It so happened that I had in my possession fifty non-flaginac colilike 
microbes freshly isolated from cress and circumfluent water, and it was convenient to utilise these 
microbes for the purpose in view. 
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TABLE 5. 


“BIOLOGICAL CHARACTERS OF 50 GAS-FORMING BUT NON-FLAGINAC COLI-LIKE MICROBES ISOLATED FROM WA1TERCRESS,. 
‘¢ WASHINGS ” OF CRESS, AND WATER IN WHICH CRESS WAS GROWING. 


a 




































































ce 1 % solution of peptone tinted with litmus solution, together with tb 
LSE Patina ae 
Biological status Go 8 = 
iB on “flaginac ” | Pan Me : Cane ee : ; on 
& | Reference | basis of classifica-| = | 3° &.| Mannite.| cioay Salicin. | Raffinose.| Inulin. | Duleit. | 9.6 
5 (Cress Note | tion. (The letters | 8 | 2 aS ak se 
7, Book). in brackets sig- | 3 | ~ Sa —_———. 3 <= 
Ao ase Se 8 | 48 hrs. at | 48 brs. at | 48 hrs. at | 48 hrs, at /48 brs. at | 48 hrs, at ap! 

aes Areca paddies mda nai ae Gale cman a 

4 FA |G =gas. | G=gas.| G = gas. | G=gas. | G = gas. G = gas. | 6 

P. No. 

1 ss 46 | Flinac - -} + ao A. G |A.m. G.| A. sl G. | A. m G. | Negative | A. m.G.| D. 
2) 4 1 | Aginac: <Y:L.y- ft + + A. G. | A. sl. G.| A. sl. G.| A. m. G. | Negative | A. m.G.| D- 
Ne ey 9 | Flagac - 2?- + A. G | A. sl. G. | A. sl. G.| A. sl. G. | Negative | Negative | D- 
4) 9 15'} Aginae: * Sil. 2 - jit + A. G. A. G. | Negative | A. m. G. | Negative | Negative | D- 
5| 9 17 | Fl(ag) - Dh + AS re A. G. | A. m.G.| A. m. G. Negative | Negative | D. 
6| 9 19 | Flag - - -| + + A. G. A. G. | Negative | A. m. G.| Bl. no G. | Negative | D- 
7 | 10 57 | Flin(ac) — - + + A. G. | A. sl. G.| A. m. G.| A. no G. | Negative; A. G. D. 
8 | 14 65 | Fi(ac): S.L. - | + + AL Gi A. G. ALNG. A. G Nétatine Negative | D- 
9 | 14 66 | Flag(ac). S.L.- | + + A. G. A. G, A. G. A. G. | Negative | Negative | D- 
10 | 14 68_| Fl(ag)(ac). SL. | + 4 ApaG: A. G. A. G. A. G Negative | Negative | D. 
1] | 14 69 | Flag(ac). S.L.- | + : A. G. A. G. A. G. A. G. | Negative | Negative | D- 
12 | 14 70 | Fl(ac) : -| + + ae A. G. A. G. A. G. | Negative | Negative | D- 
13 | 1 id | nee es - - | + + A. G. | Negative | A. m. G. | Negative Negative | Negative | D- 
14 | 17 75 | Fl(ac) - + + A. G. | Negative | A. m. G. | Negative | Negative Negative | D. 
15 Vay 76 | Flag(ac) = - - |-+ + A. G. | Negative | A. sl, G. | Negative | Negative Negative | D- 
16 | 18 98 | (Fl)(ac)  - -| + + A. G. | A. m. G.| Negative | A. el. G. | Negative | Negative | D- 
17 } 18 99 | Flagac + + A. G. | A. m. G. | Negative | A. sl. G. | Negative | Negative | D- 
18 | 18 101 | (Fl)(ag)(ac). S.L. | + + AEG. A. G. |Negative| A. G. | Negative | Negative; D- 
19 | 20). 86 77.) O..c¥.Leae »-| + | a. G | Negative] A. G. |Negative |Negative| A. G. | D- 
20 | 22 26 | Fl(ag) - ?- + A. G. ) Negative | A. G. | Negative | Negative Negative | D- 
21 | 25 32 | Flag(ac) - ~ + A. G. | Negative | Negative | Negative | Negative | A. sl. G. | D- 
22 | 26 85 | (Fljag(ac). Y.L. | + + A. G. | Negative|A. mG. A. G. | Negative] A. G. D. 
23 | 26 86 | Flag(ac). Y.L.- | + + A. G. | Negative| A. m.G.| A. G. | Negative} A. G. D. 
24 | 26 87 | Flag. Y.L. -| + + A. G. | Negative | A. m.G.| A. G. | Negative) A. G. De 
25 | 26 88 | Fl(ag) - e -| + + A. G. | A. m. G.| Negative | A. sl. G. | BI. no G. Negative | D. 
26 | 26 89 | Fl k - = Nee + A. G. |A. m. G.| Negative | A. sl. G.| Negative | A. G. D. 
27 | 26 90: Flagye . - ae ze A. G. |A.mG.|A. sl. G.| A. sl. G. | BL no G. | Negative | D- 
28 | 27 107 | Flagac wae gee lacie + A. G. | Negative | A. G. | Negative | Negative A. G. De 
29 | 27 110 | Flagae - - | + + A. G. |A. sl G. | Negative | A. no G. | Negative} A. G. Ds 
30 | 28 40 | Aginac : es 4. A. G. | Negative | A. m. G. | Negative | Negative Negative | D- 
31 | 29 93 (Fljagac = =a) aieuee A. G. | A. G. | Negative | A.noG. | Negative} A. G. | D- 
32 | 29 94 | (Fl)jinac - -| + + A. G. | Negative | A. tr. G. | Negative Negative | Negative | D. 
33 | 32 Liber, - - + A. G. A. G. | Negative | A. G. | Negative | Negative | D- 
34 | 32 116 | Fl - - eas + A. G. | Negative | Negative Negative {| Negative | A. G. dD. 
35 | 32 118 | (Agjac = A + rp iA. Chr RAs: A. G. A. G. | Negative | Negative | D. 

















EE 
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TABLE 5—continued. 


BIOLOGICAL CHARACTERS OF 50 GAS-FORMING BUT NON-FLAGINAC COLI-LIKE MICROBES ISQLATED FROM WATERCRESS, 
““ WASHINGS” OF CRESS, AND WATER IN WHICH CRESS WAS GROWING. 












































£ —~ |1 % solution of peptone tinted with litmus solution, together with| % 

, 3? Of 7 pte 4 
Biological status 2 Es 33 
a on ‘“‘flaginac” | » | SAS Gis as 
5 | Reference | basis of classifica-| 2 | <‘6 ¢ | Mannite. Sag fi Salicin. | Raffinose. | Inulin, Dulcit. | O68 
= |(Cress Note | tion. (The letters | 3 as hi 33 
5 Book). in brackets sig- | © | 5-2 : Ad 
A nify a weak =| "9 oie | oC 
reaction. ) 8-5 $ | 48 hrs. at | 48 hrs. at | 48 brs. at 48 hrs. at | 48 hrs. at | 48 hrs. at| & !l 
rt Meri Clantes ST Can ehh Oke Rien Lea Cn et S Toor Ho 

7 Woe | A.=acid. | A.-=acid. | A. =acid. | A.=acid. |A.=acid. | A. =acid. | @ 

+" | G.=gas. | G.=gas. | G.=gas. | G.=gas. | G.=gas. | G.=gas. | & 

P: No. 

36 | 32 119} Fl(ag) |, - = ine De ALG. A. G. | Negative | A. sl. G. | Negative | Negative | D. 
37) Sacee IA ea sae kt A. G | A. G. | AG. | A. G. | Negative | Negative! D. 
38 | 33 122 | Flag - . = ahs 8 ‘AS G. A. G. | Negative | A. m. G.| Bl. noG.| A. s!.G.| D. 
39 | 33 123 | (Flag. SL. - + A. G. | Negative; A. G. | Negative | Negative} A. G. D. 
40 | 33 124 | Flagac . -| + + A. G. | Negative | Negative | Negative | BJ]. no G. Negative} D. 
41 | 33 125 | Agac - - -|?- + A. no G.; A. no G.| A. no G. | A. no G. | Negative | Negative | D. 
42 | 34 126 | (Ag)inac - -| + + A. tr. G. | Negative | A. no G.| A. no G. | Negative | Negative | D. 
43 | 34 127 | Flag. S.L. ayaa ay A. G A. G. AwG. A. G. | Negative} A. sl. G.| D. 
44 | 34 128 | Fl(ag)jac_ - an + A. G. | A. m. G. | Negative | A. sl. G. | Bl. no G. Negative D. 
45 | 34 129 | Flagac - 2 e: a3 Alan as A. G. A Ge AG. «| Bleno Guia A. .G. D, 
46 | 34 130 | O > - -2- + A. sl. G.|} A. no G. | A. no G. | A. no G. | Negative; A. noG.| )). 
47 | 37 131 | (Ag)inac” - -?- + A. G. | Negative | A. sl. G. | Negative | Negative | A. G. De: 
48 | 37 133 | Flag(in)  - -| + + A. G A. G. Ame Gre A. G. | BL noG. | Negative | D. 
49 | 37 134| Flag - - - + A. G. A. G. AwEG. A. G. | Bl. no G. | Negative} D. 
50 | 37 135. Flag - . -| + + A. G A. G. | Negative | A. sl. G. | Bl. no G. | Negative | D. 





























Y.L. = chromogenic microbe (yellow) which liquefies gelatine. S.L.= slow liquefier (gelatine). A. = acid. G. = 
A. m. G. = acid and medium gas formation. A. sl. G. = acid and slight gas formation. A. tr.G. = acid and ieee ee. 
gas. Bl. = bleached appearance. D. = decolorised. O = a coli-like “microbe which produced gas in gelatine “shake” 
culture, but gave negative results withithe other four tests. 


With regard to the foregoing coli-like microbes the following points are 
worthy of note :— 


Motility. 80 per cent. of the microbes were motile, so that it appears that 
coli-like microbes are about as often motile as typical B. coli derived from 
feeces, sewage, and sewage effluents. Hence it seems the test is of no great 
value except as a means of corroborating the results of other and more selec- 
tive tests. Nevertheless the test serves to differentiate into two groups 
(motile and non-motile) specimens of B. coli which, according to other tests, 
may seem indistinguishable 


Nitrate broth test—As all the microbes reduced nitrates to nitrites, the 
practical utility of this test for differential purposes is not very apparent.* 
From the comparative point of view it may be of interest to note that 200 
streptococci isolated from doer human feces all gave a negative result 
with this test. 7 





* In previous reports some stress has been laid on the importance of recording in detail the 
results of all the tests applied in the study of coli-like microbes as well as of typical B. coli. The 
value of such procedure is here shown. For if coli-like microbes equally with typical B. coli 
reduce nitrates to nitrites there is good reason for abandoning the nitrate broth test for differ- 
ential purposes. 
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Mannite test.—As 94 per cent. of the microbes yielded completely positive 
results it is evident that this test is too comprehensive in character to 
be of much value in differentiating typical B. coli from atypical coli-like 
microbes.* | 

Cane-sugar test—The results may be classified as follows :—40 per cent. 
completely positive results; 14 per cent. nearly completely positive results 
(medium gas formation); 8 per cent. produced acid and slight gas; 4 per 
cent. produced acid but no gas; 34 per cent. gave completely negative 
results. On the whole it may be said that about 54 per cent. yielded posi- 
tive results and about 38 per cent. negative resuits as regards gas formation ; 
the remaining 8 per cent. being doubtful. The results as regards feces, 
sewage, and effluent were as follows :— 








Fee 2es. Sewage. Effluent. 


8 per cent. strongly positive.|29 per cent. positive result. 32 per cent. positive result. 
22 per cent. feebly positive, | 3 per cent. slight gas formation.| 5 per cent. slight gas formation. 
36 per cent. (7) negative. 68 per cent. negative result. 62 per cent. negative result 


35 per cant. negative. 1 per cent. no record. 

















Although a much larger proportion of the non-flaginac B. coli fermented 
cane-sugar than was found to be the case as regards the B. coli of feces, 
sewage, and effluent, it is doubtful whether it is justifiable to discard as 
indicators of objectionable pollution al coli-like microbes which do ferment 
cane-sugar. The better course, perhaps, is to regard a flaginac B. coli 
which does not ferment cane-sugar as more significant of potentially dan- 
gerous contamination than a flaginac B. coli which yields a positive result 
with this test. Thirty out of one hundred of the fecal B. coli gave rise to 
gas formation in cane-sugar peptone medium (8 per cent. completely positive 
results ; 2 per cent. delayed gas production ; 20 per cent. slight gas forma- 
tion). Of these 30 B. coli 28 were flaginac B. colli. 


Salicin test.—The results may be classified as follows:—30 per cent. 
‘completely positive results; 16 per cent. nearly completely pusitive 
results (medium gas production); 12 per cent. produced acid and 
slight gas; 2 per cent. produced acid and a trace of gas; 6 per 
cent. produced acid but no gas; 34 per cent. gave completely negative results. 
On the whole it may be said that about 46 per cent. yielded positive results 
and about 40 per cent. negative results as regards gas formation; the 
remaining 14 per cent. -being doubtful. While a higher percentage 
yielded positive results than was found in the case of the sewage and 
-effluent B. coli, it must be remembered that the effluent B. coli were less 
typical than the sewage B. coli, and more often yielded positive results with 
this test | Probably the test is chiefly of value as a means of differentiating 
‘into separate groups B. coli microbes which without this test might be con- 
sidered identical. 

Raffinose test.—The results may be classified as follows :—32 per cent. 
completely positive results; 12 per cent. nearly completely positive results 
(medium gas formation) ; 18 per cent. produced acid and slight gas ; 12 per 
cent. produced acid but no gas; 26 per cent. gave completely negative 
results. On the whole it may be said that about 44 per cent. yielded 
positive results and about 38 per cent. negative results as regards gas 
formation ; the remaining 18 being doubtful. Undoubtediy the proportion 
yielding positive results was greater than was found in the case of the 
sewage and effluent B. coli. It might be said, perhaps, that the active 
fermentation of raffinose by a coli-like microbe detracts somewhat from its 
claims to be classed as typical B. coli, were it not for the fact that some 





* The same is true of the glucose test, and the “gis” in gelatine shake culture test. But 


while it is desirable to retain, at least, one comprehensive test, it is not advantageous to amplify 
tests of this kind. 
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completely typical B. coli do ferment raffinose. The test, however, does 
serve to differentiate from each other microbes which otherwise seem 
indistinguishable. , 


Inulin test.—The results may be classified as follows :—20 per cent. 
bleached appearance but no gas formation; 80 per cent. completely negative 
results. So far as gas formation is concerned all the results were negative. 
As all the sewage and effluent B. coli likewise yielded negative results, the 
test appears to have no great value for differential purposes. 


Dulcit test.—The results may be classified as follows. 26 per cent. com- 
pletely positive results; 4 per cent. nearly completely positive results 
(medium gas formation) ; 6 per cent. produced acid and slight gas ; 2 per cent. 
produced acid and no gas; 62 per cent. gave completely negative results. 
The proportion yielding negative results is higher than was found to be the 
case with the fecal B. coli, but the figures do not differ to any notable 
extent from the sewage and effluent results. Moreover, a larger proportion 
of the effluent B. coli yielded positive results than the sewage B. coli, 
notwithstanding the fact that the effluent B. coli were less typical than the 
sewage B. coli. | 


Nevertheless, the test is useful as a means of differentiating from each 
other microbes which yield to other tests similar results. 


Grams method of staining test.—For the purpose of differentiating typical 
B. coli from atypical coli-like microbes, this test appears to be little better than 
afetich. BB. coliis decolorised by this method of staining, but it will be noted 
that so also were all the 50 non-flaginac coli-like microbes of experiment. 


To sum up, it is only necessary to repeat that on the whole the tests 
for “‘flaginac” B. coli, namely, the neutral red broth (fl = fluorescence), lactose 
peptone (ag =acid and gas), indol (in =indol), and litmus milk (ac =acid and 
clot), seem most useful for routine work. Further, that a flaginac B. coli 
should be accepted as an excremental microbe, and that, if it is motile and 
does not ferment cane-sugar, its significance as an indicator of objectionable 
pollution is thereby increased. 


As regards the significance of non-flaginac B. coli, no bacteriologist canag 
yet speak with assurance. But as coli-like microbes of any sort are absent: 
trom 100 c.c. to 1800 ¢.c. of unpolluted waters, and are present in enormous 
numbers in waters known to be excrementally polluted, it appears safe to. 
regard non-flaginac B. coli, when present in any quantity in a water, as 
suggestive, at all events, of undesirable fouling. The presence in a water 
sample of coli-like microbes cannot be ignored if the bacteriologist aims at 
obtaining uniformly quantitative records as regards the B. coli test. Non- 
flaginac B. coli are, of course, of special significance when it can be shown 
by multiple analysis that flaginac B. coli are occasionally, if not uniformly, 
present also, although, perhaps, in small proportion. 





SECTION V. 
Metuops RECOMMENDED FOR THE ISOLATION oF B. COLI. 


The methods adopted in the present investigation have been described 
already, and in previous reports the whole subject has been considered in 
detail. 

It is desirable, however, to repeat here very briefly the methods which 
are most useful for the isolation of B. coli. 


Dilution. 


The decimal mode of dilution should be adopted ; this method has been 
so fully described in previous reports that it need not be reconsidered 
here. It is assumed, then, that the substance to be examined has been 
diluted 19, 100, 1,000, 10,000, and 100,000 times, so that 1 ¢.c. of the 
various dilutions represents respectively yy, 135, rola tobs9 and ee 
c.¢., and 01 cc. of the various diiutions represents +35, tos) todv0> 
rov000 Toovo000 Of a cubic centimetre of the original substance. 


-_ 
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It remains to be considered whether the subsequent examination should 
be conducted by means of primary surface plate cultures or primary liquid 
cultures followed by secondary surface plate cultivations. 


Primary Surface Plate Cultures. 


0-1 ¢.c. of the various dilutions should be spread by means of a sterile 
glass rod (bent nearly at a right angle) over the surface of a series of plates 
containing gelatine or agar medium. Sugar agars (lactose, glucose, etc.) 
tinted with litmus, neutral red, etc., are very useful, and the neutral red 
lactose bile-salt peptone agar medium of MacConkey has many advantages. 


Drigalski and Conradi’s medium is also well adapted for the purpose. If 
a gelatine medium is used, the plates should be incubated for two cr more 
days at 20 degrees C. ; if anagar medium is preferred, 24 to 48 hours’ incuba- 
tion at 37 degrees C. is sufficient. The colonies resembling B. coli in the plates 
are next subcultured in gelatine and a “shake” culture made.* If there is 
‘“‘gas” formation and no early liquefaction of the gelatine, the microbe may 
be classed as a coli-like microbe and its morphological and_ biological 
characters carefully studied. I have already considered in detail the best 
tests to use for this purpose. The gelatine ‘‘shake ” culture should be kept, 
preferably for one month, to establish the absence of ability to liquefy 
gelatine. 


There is a good deal to be said in favour of the primary plate method, 
because the various microbes are plated out and form colonies in exactly the 
same ratio, the one to the other, as in the original material; whereas in the 
case of primary liquid cultures followed by secondary plate cultures, the 
initial proportion of the different bacteria may be greatly altered owing to 
the unequal rate of multiplication of the different species of microbes in the 
primary liquid medium. | 

Nevertheless, if the B. coli are very few in number in proportion to the 
total number of bacteria, they may be overlooked when using the primary 
plate method ; whereas in the case of the primary liquid culture method the 
B. coli group usually grows so much faster than the saprophytic microbes 
that the former are usually easily isolated from the secondary plate cultures. 
It is, however, a moot point whether or not some of the atypical coli-like 
microbes may not grow even faster than typical B. coli in the primary 
liquid cultures. 


Primary LInquid Cultures and Secondary Plate Cultures. 


1 cc. of the several dilutions should be added to each of a series of 
primary liquid cultures. The best medium to use for the primary cultures 
is a matter open to dispute. Ordinary broth is excellent, and it may be used 
subsequently for the indol test and the inoculation of rodents. 


Neutral red broth, either with or without the addition of a sugar of one 
or other kind, is also a most useful medium. Peptone media containing 
one or another kind of sugar and tinted with litmus may also be employed 
advantageously. The bile salt glucose peptone medium has the great 
advantage that a negative result proves the absence of glucose gas-fermenting: 
microbes of any kind. 


Whatever may be the composition of the primary medium, the subsequent 
procedure is practically the same. 


A. small platinum loopful of the contents of the primary tube is transferred 
‘to a test tube containing 10 c.c. of sterile water. The tube is shaken and 
one or more loopfuls used to inoculate a gelatine or agar plate ; and the 
material spread over the surface with a sterile glass rod bent at a suitable 
angle. The same kinds of gelatine or agar media may be used for the 
secondary plates as are employed in the case of the surface plate method. 
The subsequent procedure is exactly the same as in the case of the 
primary plate method. 

A. C. Houston. 











i “J H neone gelatine myst be used it the gelatine medium has not been prepared from fresh 
ee'steak, 


— = 
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NOTES BY MR. COLIN C.. FRYE ON THE EXPERIMENTS CARRIED OUT -AT OLDBURY BY 
PROFESSOR PERCY FRANKLAND AND MR. H. SILVESTER UPON THE TREATMENT OF 
THE OLDBURY SEWAGE. 


Acting under the advice of Professor Percy Frankland and Mr. H. Silvester, the chemists employed to report 
upon the best method of disposing of the Oldbury sewage, which contains a large proportion of spent gas liquor 
from the works of Messrs. Chance & Hunt, Chemical Manufacturers, the Oldbury Urban District Council have 
lately applied to the Local Government Board for sanction to borrow the sum of £38,300 for the carrying out of a 
scheme for the extension and improvement of the Oldbury Sewage Disposal Works. 


This scheme involves the treatment of the Oldbury Sewage by means of septic tanks followed by triple contact 
beds, and, as its cost is unusually large and the proposed rate of filtration very slow (15 gallons per square yard 
per day, on the dry weather flow), it was thought advisable to bring the facts of the case before the Commission. 


By the instructions of the Commission, I visited Oldbury on Tuesday, September 25th, 1906, and was. 
conducted to the sewage works by Mr. C. W. Thomlinson, Chairman of the Sewage Committee, Mr. Thomas 
Shipton, Surveyor to the Council, and Mr. H. Silvester, one of the two chemists mentioned above. 


_ I obtained the following particulars in regard to the history of sewage disposal at Oldbury. 


In the year 1880 some 16 acres of very unsuitable land was purchased and laid out for irrigation by the 
Oldbury Urban District Council, the sum expended being about £16,000, and when the constructional work was 
completed, this land was irrigated with a precipitation liquor obtained by adding a small quantity of lime to the 
sewage and allowing the mixture to pass continuously through subsidence tanks. 


Of the 16 acres of land, however, only about 74 acres were available for irrigation, and, in 1881, owing to 
serious complaints and the unsatisfactory character of the effluent, the Council were driven to seek some means of 
improvement. 


A scheme drawn up by Mr. A. B. Nicholls was accordingly adopted, a loan of £6,000 for this being sanctioned 
by the Local Government Board in 1892, and the work carried out in 1896 and 1897. The alteration made no 
difference in the scheme of working, but consisted mainly in the construction of eight new precipitation tanks, 
together with a large experimental contact bed. A further alteration, which consisted in the construction of more 
contact beds, was made in 1900. 


The general character of the effluent, however, still remained unsatisfactory, and, in 1904, the Staffordshire 
County Council obtained an injunction against the District Council, on the ground of pollution of the small 
tributary of the river Tame into which the effluent was discharged. 


In the meanwhile (March 1903) the Council called in Mr. Silvester, the analyst for the boroughs of Dudley and 
West Bromwich and, later (November 1903), Professor Percy Frankland also. . 


These gentlemen, after carrying out a series of experiments, advised the Council, in a report dated February 
nae 1905, to adopt one of two schemes which they there put forward. Very briefly, these schemes were as 
follows :— d 


Scheme 1.—That the spent gas liquor from Messrs. Chance and Hunt’s work should be still allowed to 
enter the sewers, and that the sewage should be first passed through septic tanks and then filtered through 
triple contact beds. 


Scheme 2.—That Messrs. Chance and Hunt’s trade waste should be excluded from the sewers, and that 
pee general domestic sewage of Oldbury should then be treated in septic tanks and upon double contact 
eds. 


It was pointed out by Mr. Silvester and Professor Frankland that the main difficulty in the treatment of the 
Oldbury sewage arose from the admixture with the ordinary waste waters from the population of a large proportion 
of the trade waste from the works of Messrs. Chance and Hunt, Chemical Manufacturers. 


This trade waste is the residual liquor of ammoniacal gas liquor from which Messrs. Chance and Hunt remove 
the ammonia. Some idea of its character will be gained from the following figures of analysis, which have been 
kindly supplied to me by Mr. H. Silvester :— 


Analyses of Spent Gas Liquor. 
Period of time over which analyses were made :— 


First Analysis - : - - - May 5th, 1903. 
Last Analysis - - - = = May 2nd, 1906. 


Results stated in parts per 100,000, 
Number of Samples analysed—5. 











— Average. Max. Min. Remarks. 
Solids in solution - ote) - - -| 2,765°2 4,888 2,000 as 
Solids in suspension - - - - - - 175°4 *845'2 — =a 
Ammoniacal Nitrogen - - - - - 10°54 14°16 80 Li 
Albuminoid Nitrogen sig ete - - - 11°70 171 9°4 =. 
Total Nitrogen other than Ammoniacal Nitro- 
gen (Kjeldahl) —- - - - - - 56°75 60°8 52°7 2 samples only. 
Oxygen consumed in 4 hoursat 80°F. -~— - 499°4 564 401°2 nas 
Oxygen consumed in three minutes - - . 333°9 391°7 300 3 samples only. 
Sulphocyanide (CNS.)_ - - - . - 153°8 171°7 143°0 4 samples only. 
Sulphur as Thiosulphate - - - - - 46'8 52°5 41°] 2 samples only. 
Phenols - - - - - - - - 140°1 172°3 108 2 samples only, 
Combined Chlorine - - . - - - 875°4 1,835 560 aw 
Alkalinity (expressed as parts of Carbonate of 
Lime per 100,000) - SUA e Mpeg eee 341°6 400 300 3 samples only, 








ec a a aT TI a 


* The first sample of spent liquor analysed (May 5th, 1903) contained 8452 parts per 100,000 of suspended 
matter. In subsequent samples the suspended matter was practically entirely removed by the manufacturers, 
before discharging the “ waste” into the sewers. 


6225.—Apr. IV. 3 0 
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On the average this gas liquor is present in the sewage to the extent of one-twelfth to one-fourteenth part of 
the whole, about 70,000 gallons per day being discharged for three months in the year, and 40,000 gallons per day 
for the other nine months. The flow of sewage is about 750,000 gallons per day in dry weather. 


The following are some particulars of the Oldbury drainage area :— 


Population.— 27,000 to 28,000. 


System of sewerage.—Partially separate. 


Storm-water.—Storm-water occasionally arrives at the rate of six times the dry weather flow, but it is 
exceptional for a rate of six times the dry weather flow to continue for the whole day. 


Number of W.C’s.—About 3,000 ; the rest of the population is served by the midden system. 


Crude Sewage.—The following figures are averages obtained from analyses of six samples. The first 
analysis of the series was made on May 6th, and the last on June 22nd, 1903. The samples were taken in 
dry weather over 24 hours, and the various dippings were roughly in proportion to the rate of flow. The 
sewage of each working day is represented in the results. 


Results in parts per 100,000. 











—— Average. Max. Min. 
Solids in suspension - =. fae nee ek: - 60°72 109°2 40°0 . 
Solids in solution — - - - - - - 232°0 305°6 142°0 





Average Analysis of Paper filtered Sewage. 











—— . Average. Max. Min. 
Ammoniacal Nitrogen — - - - - - 319 4°28 2°0 
Albuminoid Nitrogen - - 2 - : 114 1°96 0°445 
Oxygen absorved in 4 hours at 80°F. Basak 38°52 65°4 *9°6 
Combined Chlorine (total silver ppt.) - - 59°0 760 30°6 


Sulphocyanide- — - 


- - | Sulphocyanide is 
usually present in 
the sewage to the 
extent of 8 or 10 
parts per 100,090. 





rn ee 


Although the sewage is thus not strong in nitrogen, it contains, owing to the gas liquor waste a quantity of 
phenolic substances, sulphocyanides, tar bases, etc., and gives consequently an unusually high figure for “oxygen 


absorbed,” when treated with acid permanganate. 


THE EXPERIMENTS. 


The experiments made by Professor Frankland and Mr. Silvester, in conjunction with Mr. Shipton, Surveyor to 
the Council, may be said to have been four in number, as follows :— 


(1) The treatment of Oldbury septic tank liquor in small triple contact beds ; 


(2) The treatment of Oldbury septic tank liquor in large double contact beds, working at the rate of 


one filling per day ; 


(3) The treatment of Oldbury septic*tank liquor in large triple contact beds, for confirmation of 


Experiment (1) ; 


(4) The treatment of Oldbury septic tank liquor upon triple percolating filters. 


Experiment [.—Tue TREATMENT OF OLDBURY SEPTIC 


Area of beds :— 
Primary bed - - - : - 
Secondary bed ~~ - - - - 
Tertiary bed - - - - 


Total Area = - = : - 


Nature and size of material in all three beds sue eee 


Depth of material in all three beds BF 5 <) ee es re 


First series of analyses - - - - - - - 


Beds receiving septic tank liquor at an average rate of 2°44 fillings per 24 hours, with a two-hours contact. 


Tank Liquor in Sma Triete Contact Beps. 


11°5 square yards. 
LOB eh ” 
10°46 ” ” 








32°53 square yards. 


Clinker graded to pass a 13’ mesh, but to be retained 
by a 4” mesh. 


3 feet. 
April 21st 1904 to January 4th 1905. 


eel 


Average rate of treatment over the whole area—about 50 gallons per cube yard per 24 hours. 


y; 


JO Oe eS eee 





* Monday’s sewage, when the quantity of gas liquor waste in the sewage was small. 





Ee 
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Results in parts per 100,000. 
Analyses made on Unjiltered Sample. 











Septic tank First contact | Second contact Third contact 
iquor. bed effluent. bed effluent bed effluent. 
Average of 9 Average of 4 Average of 6 Average of 9 
analyses. analyses. analyses. analyses. 
3 
Ammoniacal Nitrogen . - - 3°46 23 1°88 0°266 
Albuminoid Nitrogen or 0°75 0°38 0°21 0°097 
Oxygen absorbed in 4 hours at 80° F. - 27°88 12°14 4°15 110 
Sulphocyanides - - - 6°21 PB) O17 nil, 
~ Combined Chlorine (total leer ppt. ) 71°8 92°3 85'9 73°60 
Nitrous and Nitric Nitrogen’ - - nil. nil. 0°66 1°61 
One sample 
Incubator test - - - - - - — — passed, five All bagi 
( failed. | Peeters 


Second Serres of Analyses.—December 21st, 1905, to July 12th, 1906. 
Beds receiving one filling per 24 hours, with a contact of 3 hours’ duration. 


Average rate of treatment over the whole area—about 10* gallons per cube yard per 24 hours. 


Results in parts per 100,000. 





Third contact bed effluent. 


Septic tank liquor. 
Average of 8 analyses. 


Average of 7 analyses. 





Ammoniacal Nitrogen = - - - - - - 3°14 0°122 
Albuminoid Nitrogen - - - - 0°849 0°106 
Oxygen absorbed in 4 hours at 80° F. - - - 38°0 ig 
Sulphocyanides - - - - = 10°2 O11 
Combined Chlorine (total ater ppt. ) . - - ae 69°8 

- - nu. 1°86 


Nitrous and Nitric Nitrogen - - 


Incubator test - - - - - - - - All passed. 


—— 





The general result of this experiment with the small contact beds, therefore, showed that, working at an average 
rate of 2°44 fillings per day, two contacts were not sufficient to produce a non- -putrescible effluent from the Oldbury 


septic tank liquor. 
With three contacts, however, non-putrescible effluents were obtained when the beds were receiving the septic 
¢ank liquor at rates varying from one to three fillings for each bed per day. 
Expertment IL—Tue Treatment or Otpsury Septic TANK Liquor in Larce DovusLte Contact Beps, 
WORKING AT THE RATE OF ONE FILLING PER Day. 


Area and depths of beds :— 


Primary bed - - - - - - - 1,174 square yards ; 2’ 9" deep. 
Secondary bed - - - - - - - 243 square yards ; 3’ deep. 
Material : 
Primary bed - - - - - - Slag graded between 12’ and 3”, the bottom six inches 
; of material round the effluent pipes being about 
24” in diameter. 
Secondary bed - : : : a8 5 - Clinker graded between 1” and }” diameter. 


armiomepContict - - - -.-- = «+ Ywo hours: 


‘Method ofworking-  - -  - - - = = 


_Rate of filtration - - - - - ath oe - 
Average Analyses of Four Comparative Samples. 
Results in parts per 100,000. 


One filling for each bed per day. 
About 30 gallons per cube yard per 24 hours. 








‘Septic tank liquor. Secondary contact bed 








ess effluent. 
Albuminoid Ammonia - - - - 1:02 0°425 
Oxygen absorbed in four hours at 80° F, - - . 42°1 13°46 
‘Sulphocyanides - : - - - - - - 8°73 215 
Nitric Nitrogen Beran = t= eae - a 1°09 
Incubator test - - , : = - - - — All samples non-putrescible, 








Although the above ‘effluents’ were non-putrescent upon incubation, I understand that this is by no means 
always the case; indeed, considering the high “oxygen absorbed” (13° 46) and the moderate quantity of nitrate 
ee nitrogen = a ‘09) which these particular effluents gave, on the average, it is remarkable that they should have 


sept upon incubation. 





* This was originally 25 ; owing to the gradual loss of capacity in the primary beds, it is of course a slowly 
diminishing quantity. 


6225.—App. IV. 302 
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EXPERIMENT II].—TuE TREATMENT OF OLDBURY SEPTIC TANK Liquor UPON LarGE Triple Contact BEDs. 


Areas and depths of beds :— 


Primary bed - - - - - 
Secondary and tertiary beds - . 


Nature and size of material :-- 
Primary bed - - - - - 


1,174 square yards ; 2’ 9” deep. 
243 square yards ; 3’ deep. 


Slag graded between 1}” and 34” diameter, 


the bottom six inches of material round 
the effluent pipes being about 2%” in 


diameter. ie 
Secondary and tertiary beds - - - - - - Clinker graded between 13” and 3” in dia- | 
meter. 
Number of fillings per day to each bed es aera ase Criteh 


Average rate of treatment per cube yard per 24 hours on the whole area - About 20* gallons. 


Results in parts per 100,000. 
May 17th, 1905, to July 12th, 1906. 














Septic tank liquor. Effluent from tertiary bed. 
— Average of 10 Average of 36 
samples. samples. 
Ammoniacal Nitrogen - - - - - . 3°25 0°332 (11 samples). 
Albuminoid Nitrogen - - - - 3 - - . 0°890 0°185 (11 samples). 
Oxygen absorbed in 4 hours at 80° F. - - - - 37°0 2°74 
Sulphocyanides - : . - - - - - 9°47 0°27 
Combined Chlorine (total silver ppt.) - - - - 75:3 61°2 
Nitrous and Nitric Nitrogen - - - - - — 156 
Incubator test = - - - - - - . - a All passed. 





Although the effluents from the tertiary bed in this experiment were not quite so good, chemically, as the effluents 
from the tertiary bed in experiment I., it will be seen that they were nevertheless uniformly non-putrescible. 


EXPERIMENT IV.—THE TREATMENT OF OLDEURY SEPTIC TANK Liquor UPON TRIPLE PERCOLATING FILTERS. 


Area and depth of each bed :— 


Primary bed - - : 4 


- 27’ diameter ; 6’ deep. 
Secondary and tertiary beds - - - - 


28’ diameter ; 3’ deep. 


Nature and size of material : 


Primary bed - - = +  - + + Clinker and slag. 
Top 3’ clinker graded between 14” and 3” diameter. 
Bottom 3’ slag graded from 14” to 24” diameter. 


Clinker graded between 1)” and }” diameter. 
February to December, 1904. 


Adams’ continuous feed revolving sprinklers. 


Secondary and tertiary beds - -~— - - 
Duration of experiment - <=" - - - - 
Method of distribution - 
Method of working “8 9 <= ese 3 ey 


1904, February 13th to May 10th_'=, .- <=. b-) -) ee 
May 10th to June 23rd - - 
June ard to August Zarda, = == = ee 


The method of working the filters was as follows :— 


Work, 2 hours ; rest,2 hours. 
Work, 14 hours ; rest, 2# hours, 
Work, 1 hour 25 minutes ; rest, 2 
hours 35 minutes. 
Work, 45 minutes ; rest, 3 hours 
15 minutes. 


August 23rd to November 12th  - - “4 = A a4 


Average rate of treatment :— 


On primary bed - - - : : s iS 
On secondary bed - - = . S : % 
On-tertiary’ bed )) =" )-=) 77k tee = “ 
On all three beds, taken together - = = = 


Analyses.— Results in parts per 100,000 
April 21st, 1904, to November 2nd, 1904. 


About 107 gallons per cube yard per 24 hours. . 
About 200 gallons per cube yard per 24 hours. 
About 200 gallons per cube yard per 24 hours, 
About 53 gallons per cube yard per 24 hours. 





Secondary filter | Tertiary filter 
effluent. Aver-| effluent. Aver- 
age ot 4 analyses.|age of 7 analyses. 


Septic tank Primary filter 
liquor. Average} effluent. Aver- 
of 7 analyses. jage of 3 analyses, 





- 








Ammoniacal Nitrogen - - - = 3°36 3°54 19 14500 
Albuminoid Nitrogen eg eet 0°78 0°72 : 0°40 0°25 

Oxygen absorbed in 4 hours at 80° F. - 26°39 15°29 6°00 3°33 
Sulphocyanides - - - ere 5°83 3°55 18 0°84 
Combined Chlorine (total silver ppt.) - 72°3 95°2 £5'0 70°4 

Nitrous and Nitric Nitrogen - - - — aoa 1°72 2°27 

2 bad. All non-putres-- - 

Incubator test - - - - - - — — | atic 


| 2 doubtful. 


* This was originally 27 ; owing to the gradual loss of capacity in the primary bed, it is a slowly diminishing 
quantity. 
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Tf the results obtained in the four experiments briefly described are carefully studied, it will, I think, be agreed 
that the following main points have been eons out :— 


(1) That the Oldbury sewage containing Messrs. Chance and Hunt’s waste liquor may be purified by 
means of biological filters ; 


. (2) That both contact beds and percolating filters are capable of oxidising the Oldbury septic tank 
iquor ; 


(3) That, working at approximately the same rate per cube yard per day, triple contact filtration gives 
a better result than triple percolating filtration ; ; 


(4) That, even at so slow a rate of working as one filling a day, triple contact filtration is necessary to 
convert the Oldbury septic tank liquor into a uniformly non-putrescible effluent. 


If the figures of analysis for the effluent from the tertiary percolating filters be compared with those of the ter- 
tiary contact bed effluent (Experiments I. and IV.), it will be seen that, except as regards oxidised nitrogen, the 
percolating filter effluent is distinctly the inferior of the two. As it also contains more sulphocyanides than the 
contact bed effluent, the result may perhaps be looked upon as furnishing further evidence in favour of the theory, 
first put forward, I believe, by Dr. G.'J. Fowler of Manchester, that—by reason of the much longer time of contact 
with the filtering material—contact bed filtration is preferable to percolating filtration, where chemical substances 
which have the power of inhibiting the development of bacterial life (e.g., phenols, as in this case) are present in the 
sewage to be treated. 


These experiments have an important bearing on the recommendations contained in the Commission’s third 
Report. They show that it is practicable to purify sewage containing large quantities of gas liquor, but that special 
arrangements are required. Some witnesses have stated that the treatment of such sewage was impracticable. 

Coutn C, FRYE. 


October 20th, 1908. 
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EXPERIMENTS ON THE EFFECT OF DIFFERENT PRECIPITANTS UPON SEPTIC 
TANK LIQUOR (TAKEN AS REPRESENTING SEWAGE LIQUORS), AS REGARDS THE 
SUBSEQUENT RATE OF ABSORPTION OF ATMOSPHERIC OXYGEN, 

BY DR. G. McGOWAN AND MR. A. F. GIRVAN, B.Se. 


Seriges I. 


Experiment began, December 17th, 1908. 


Precipitants used :—Lime and Magnesia. 


A sample of Dorking septic tank liquor, No. 109, 8, 
which had been drawn on December 11th, 1908, and 
allowed to stand until December 17th in a bottle only 
partly full, was diluted with 39 volumes of tap water, 
and the mixture was poured into a number of stoppered 
bottles (eleven bottles in duplicate), these being filled 
completely. To all, excepting Nos. 1 and 2, small 
quantities of lime or magnesia had previously been added, 
as specified in Table I below, and one set of the bottles 


was kept for five days in an incubator at 18°5° C. In 
each bottle of the other set the oxygen in solution was 
determined at the start by the method of Winkler, as 
modified by Rideal and Stewart, while in the eleven 
bottles incubated it was determined at the end of five 
days. The difference between the two determinations 
represented the amount taken up in each case. 


The results are given in the following table. 


TABLE I. 


Number of 


Precipitant added, in parts per 100,000, of septic 


Oxygen taken up from solution in 5. days 
at 18°5° C, expressed in parts per 100,000 
by weight. 





bottle. tank liquor. 
Number. 

1 None added - - - - - 
2 None added - - = - - 
3 Lime, 5 parts - - - - - 
4 Lime, 8 parts - - - - - 
5 Lime, 10 parts - - - - 
6 Magnesia, 5 parts - - - - 
c Magnesia, 8 parts - - - - 
8 Magnesia, 10 parts - - . - 
9 Lime, 2°5 parts, Magnesia, 2°5 parts 

10 Lime, 5 parts, Magnesia, 5 parts - 

i Lime, 10 parts, Magnesia, 10 parts 


The foregoing values, Nos. 3 to 11, lie between those 
of the two duplicates of merely diluted liquor, Nos. 1 
and 2, and they are all near to the mean value of those 
two. In No. 11, the aggregate dose of lime and mag- 
nesia together was in the proportion of twenty parts per 
100,000 of diluted liquor or 14 grains per gallon, but 
even this relatively large quantity had no effect on the 


- - - 15°5 3 
ES 17-3 | =167 
aes 16°7 
Ba ade 161 
- 16°5 
ae 17°8 
16-9 
: 17-7 
169 
f 16-0 
: 16°5 


hohe toa iGsenen eg ee 
ey 8 ee MSE 
Tt at 


amount of oxygen taken up in five days, under the 
conditions of the experiment. It would therefore seem 
unlikely that the smaller doses which are generally used 
in practical working would influence the rate of absorp- 
tion of atmospheric oxygen by a septic tank liquor, as 
regards the earlier (carbon) stage of oxidation of the 
organic impurity present. 


Series II. 


Experiment began January 6th, 1909. 


Precipitants used :—Lime, Magnesia and Alumino-ferrie. 


809 c.c. of Dorking septic tank liquor, No. 115, §, 
“(drawn January 4th, 1909) were diluted with 200 c.c. of 
boiled and cooled distilled water. Ten separate quanti- 
ties of 100 c.c. of this diluted liquor were then poured 
into ten half-Winchester bottles (capacity of each about 
1,200 c.c.), various amounts of lime, magnesia and 
alumino-ferric were added, and the volume was made up 
in each case to 200 c.c. with the distilled water. The 


bottles were kept for the greatef part of the time at a 
somewhat low temperature. 

From January 6th to 18th, 1909, each bottle was opened 
nearly every day, its contents gently agitated and the 
smell noted. After the first nine days, testing for nitrite 
was begun, and quantitative determinations were made 


later of nitrite and, subsequently, of nitrate. The results — 


of those tests and determinations are given in Table I. 


— 
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In this second series of experiments the oxidation 
was carried much further than in the first, but hardly 
beyond the nitrite-production stage in any case. Prac- 
tically speaking, there was no difference in the extent to 
which nitrite was formed in the last six bottles, Nos. 5 
tole. It ought to be added that the presence of such 
large amounts of nitrite in these made the multiplication 
error of this determination rather high, hence Nos. 5 to 
10 may possibly have contained a little nitrate and 
rather less nitrite than the figures in the table indi- 
cate.* Nos. 1 to 4 show some apparent discrepancies, 
small but appreciable amounts of nitrate being found 
in them towards the end of the experiment, but with 
less nitrite than was sufficient to account for (practic- 
ally) all the nitrogen originally present. 


While the results, therefore, are not quite conclusive, 
the determinations of this second series—so far as they 
go—show no marked differences as regards the rate at 
which oxidation went on in the various liquids, up to 
the end of the nitrite-production stage. 


Series III. 

Experiment beyan February 17th, 1909. 
Precipitants, etc., used:—Lime, Magnesia, Alumino- 
Ferric and Zinc Feil. 

3,560 c.c. of Dorking septic tank. liquor, drawn on 
February 16th, 1909, were diluted with distilled water 
to a volume of 4,750 c.c. Eleven separate quantities of 
200 ¢ c. of this diluted liquor were then poured into eleven 
half Winchester bottles (capacity of each about 1,200 
c.c.), and the volume was in each case made up to 400 
c.c. by adding “solutions” of lime, etc., together with 
the requisite quantity of distilled water. The bottles 
were kept under a table in a warm room, their relative 
positions being changed nearly every day in the earlier 
stages of the experiment, the object of this being to 
ensure the same conditions for all of them. They were 
at first opened for a little time daily, the liquid gently 
shaken, and the smell noted. The results of the analysis 


ae samples at different periods are given in Table 





* Nitrite was determined by meta-phenylene diamine; nitrite + nitrate, together, by the copper-zinc couple 


method. 
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The tabular statement just given shows that in no 
case was the nitrous stage of oxidation reached in ten 
days. After twelve days, sample No. 6 (which con- 
tained 10 parts magnesia per 100,000, of liquor), showed 
a trace of nitrite, while in thirty-five days the ammo- 
niacal nitrogen of this sample had been entirely con- 
verted into nitrate. 


Nos. 3, 4, 5, 8 and 9 gave results very much the same 
as No. 6. . 


Nos. 1 and 2 (the two “blanks”) did not nitrify so 
rapidly as the other samples, Nos. 3, 4, 5, 6, 8 and 9, 
while No. 7(which contained only 2°5 parts lime + 2°5 
parts magnesia), came between the blanks and the 
others. ; 


It would be desirable to make some further experi- 
ments on the same lines, but in the meantime we 
think that the conclusions to be drawn from the 
results obtained are :— 


1. That the addition of lime and magnesia to septic 
liquor, in the quantities specified in Table III,—espe- 
cially the larger amounts, does assist the nitrification of 
the liquor ; 


2. That the addition of 10 parts of alumino-ferric 


with 5 parts of lime, per 100,000, does not retard 
nitrification ; 


3. That the addition to septic tank liquor of lime of 
magnesia or both together, with or without alumino- 
ferric, in the quantities practicable on a large ‘scale of 
working, tends to assist nitrification, though not in a 
very marked degree. 


The effect of the addition of metallic zinc in the form 
of a rather large piece of zinc foil to the septic liquor 
(bottles Nos. 10 and 11), was remarkable.* No nitrate, 
and no appreciable nitrite even, was formed in those 
bottles for 40 or 50 days, by which time all the other 
samples were completely nitrated. Moreover, when 
nitrite was eventually produced, it was very slow indeed 
of passing into nitrate; at the end of 83 days, sample 
No, 10 was completely “ nitrited,” there being nate 
ammonia nor nitrate in the liquid. After 107 days this 
nitrite had apparently gone completely into nitrate, but 
unfortunately by this time the sample was exhausted. 


We think it would be desirable that this line of in- 
vestigation should be carried further, in order to gain 
more information as to what substances facilitate the 
oxidation of sewage liquors and what substances impede 
or inhibit this. 


Grorce McGowan, 


Ealing, August, 1909. A. F, Girvan, 





* Mr. A. J. Martin had written to one of us, some time before this, that the nitrification of the Yeovil sewage appeared 
to proceed more rapidly in a small experimental filter, the material of which was contained in a piece of zinc piping, than 


in another made with earthenware pipe. 
information on the subject. 
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Zinc foil was therefore used in the above experiment, in order to gain some 
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